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concentration fluctuations are strongest on the l line, one
expects that alterations to the LV coexistence behavior will
be greatest where this line approaches the LV coexistence
curve.

Perhaps not surprisingly, binary fluids mixtures are not
the only fluid systems in which first-order phase coexistence
behavior is influenced by the proximity of a critical line. The
earliest sightings of such effects appears to have been in
analytical studies of various lattice-based fluid models @3–5#.
Some time later, a detailed Landau theory study of a model
for sponge phases in surfactant solution @6# revealed a rich
variety of first-order phase behaviors as the path of the l line
was varied. More recently, similar behavior was uncovered
in extensive mean-field and density-functional theory inves-
tigations of a number of symmetrical continuum fluid mod-
els, namely, the classical Heisenberg spin fluid @7–10#, a
dipolar fluid model @11,12#, and the van der Waals–Potts
fluid @13#.

Despite dealing with ostensibly quite distinct models, the
gross features of the mean-field phase behavior emerging
from these studies appears to be essentially model indepen-
dent. This behavior is illustrated schematically in Fig. 1 and
involves three possible LV phase diagram topologies, de-
pending on the path of the critical line relative to the LV line.
To describe this behavior we shall employ the language of
the symmetrical binary fluid. In so doing, we anticipate the
result of Secs. III and IV, namely, that the same scenario is
played out in this case too. Of course, to obtain the corre-
sponding behavior for other systems, e.g., the magnetic or
dipolar fluids, one need only substitute the appropriate no-
menclature, e.g., ‘‘mixed fluid’’ → ‘‘paramagnetic fluid.’’

Figure 1~a! depicts schematically the mean-field phase
diagram obtained when the model parameters are chosen
such that the l line approaches the first-order phase bound-
ary well below the liquid-vapor critical point. In such a situ-
ation, the l line intersects the LV line at a critical end point
~CEP!. At the CEP, a critical liquid coexists with a noncriti-
cal vapor. Below the CEP temperature one finds a triple line
in which a vapor coexists with an A-rich liquid and a B-rich
liquid. Owing to the symmetry, these two liquids have the
same density.

Alternatively, for different model parameters, the l line
may intersect the LV line at the liquid-vapor critical point
@Fig. 1~c!#. Under such conditions, phase coexistence be-
tween the vapor and the mixed fluid is preempted by the
demixed fluid phase. One then obtains a tricritical point
@14,15# in which three phases ~a vapor, an A-rich liquid, and
a B-rich liquid! simultaneously become critical.

The intermediate situation is shown in Fig. 1~b! and oc-
curs when the l line approaches the LV line at a temperature
somewhat ~but not greatly! below the liquid-vapor critical
temperature. In this case, the phase diagram combines the
features of the previous two cases. One finds a triple point in
which a vapor coexists with a mixed liquid at intermediate
density and a demixed liquid of higher density @16#. Above
the triple-point temperature, a demixed vapor and a demixed
liquid coexist at low and moderate densities, becoming iden-
tical above the liquid-vapor critical point. At higher densi-
ties, a mixed liquid and the demixed liquid coexist, becom-
ing identical at a tricritical point.

That the scenario described above is generic to a range of

apparently distinct fluid models ~e.g., dipolar, magnetic, and
binary fluids! is perhaps slightly surprising at first sight. On
closer examination, however, it becomes clear that the model
differences are only superficial. All the systems in which this
behavior has yet been identified can, in essence, be regarded
as fluids in which each particle carries an internal degree of
freedom, e.g., a spin or dipolar moment. The symmetrical
binary fluid model shares this behavior because the particle
species label is analogous to a two-state ‘‘spin’’ variable.

Notwithstanding the substantial body of analytical evi-
dence supporting the scenario of phase behavior shown in
Fig. 1, it must necessarily be regarded as somewhat tentative

FIG. 1. Schematic representation of the three types of phase
diagram for a symmetrical binary fluid mixture in the density-
temperature plane, as described in the text. The full curve is the
first-order liquid-vapor coexistence envelope, while the dashed
curve is the l line of critical demixing transitions.

2202 PRE 58N. B. WILDING, F. SCHMID, AND P. NIELABA

^ �-/�F����p�+K&% 7 �S
��+��'2	0���-
p����%+������������	C������ �!������p�����������Q�>%]��� �!G%+��	���������	�/���	�'2�2�!,
���	����pj
�-�W����>��F�
������-�������D����\>�cuv!#���' � j�}��6y�K qf���p%+��	��������6	�/���	�'(�B	0����%���Cd���
����-����*�!N����������������O
���-'2�������-���	�� &-> �	> � %���	���� ����	�/���	0'2�P����������� � * j ` }�OQ%���	����0K qf���V!#F��-�:
�F+��<��?���"�����
�-��lWF����>Ox<0	�%5��1�5�F��+��	�����Kaqf���P��	��������D
�F���<��P�-�f����� w OQ���-����K



�����	��
 � 
 ��� � �+��� � ����� �+� � �	� � ��
 ���	��� � �'�+�	��� � �

Critical end point

DF−DF critical point

Demixed
fluid

−line

vapor

λ

^ ��/�F+���N�+K � 7 �S
��+��'2	0���-
N����%+������������	C������D�!b���+�[!#�F������V�Q�S%5���!b%���	��������6	�/���	�' �!4
��6	0���Nj�)+����	0�
$;	��3���������<����Y�������+�/� *f� * ����F��������3�!�	M���-��	������.�>'2'(��������
hE�F+���G�-�����-���1	M%5����F+�4'2	0������\ � ��"$�mK
qf���,!#F+���H
�F���<��P�-�;���������-lWF����SOn<0	�%]��:�5�F�����	0����Khqf�+�P��	0��������
�F+��<��,���;����� w Ox���-����K

� 0���H)S���*���+�N
J	����,0!3	"�+����	��.�B'(��\>��F����[�-�B���+�N��F���ZB	����V
���+r������D�-� 	"����������+������� %]����F��
'B	0�����~\c$1�*��	J<��V
J	��-
�F���	0����� �����B%���	����*���6	0/���	�'(�,�W� ��lWF�	0������/+)h	0�U	�/��-<���������'2%5����	0��F���� & )
�����2%���������F+����) 	 )4	����e�����(
�����'(��
�	��a%]0���������6	��-��) � 9 )4�!:�����B
�S�8\S����������/?%���	0������K qf���2/���������	��
��lWF����-��������F�' 
�������-������+�f���J	0�

� 9 u � 0 �^0f& y * � 9 u �  0 �  0f& y  * j 0 } ut�+K�j�j�y	 u � 0 �^0f& y * 	 u �  0 �  0f& y 0 ut�+K�j�}�y

$I�������P���+�,��������'2>�+�>��	�'(��
[�.��	0�����M�!4�����,
�>��\S���.�����+/2%���	������A	�����/��-<��������cu � 0 � y�	0����u �  0 �  y�Kg �?�����N!#����-�$I�-��/G$1�PF+���N�������.�S'('(�����.�V�����6	0������+�;��\S%������������p�-�V��lW��K4um�SK "�y;	0����ut�+K�j � y�K
^ �-���.�;�����,	�����������%5�����-���������f��+��	����+��� ��� �����<S�-��/"���+�,�����M�!4��lWF�	0��������

� 9 u � 0 � * j ` } 0!& y � � u � 0 � * j ` } 0f& y * � u �  0 � * j ` } 0f& y	 u � 0 � * j ` } 0f& y * 	 u �  0 � * j ` } 0!& y 2 ut�+K�j=��y

^ ��A����� ! O.� ^ 	0���������(� ^ O � ^ ����	��+���-������+�M$1�Y%���>
������������Q$1 ������%���K ^ �������M$:�Y����������'(�����
����� %���	0��� ���6	0/���	�' �!������ ����'2�~\S����/�����	������-������H)h�mK �0K $1�?���J	���
���!#��"�Q$1e
�>��\S���.�����+/p����	C�����
$I�-��� 
����
���������	C�������� � 	���� �  * j >�� Ka�[F+����"�������.�S'('(�����.�*��l5Kbut�+K�j � y �  * � 	���� ��F��N��
��lzKkum�+K "�yM��lWF�	0���-����Uut�+K�j�j�yM������F�
��Y��V����-<>����/*	0��	V/��-<���������'(%]����	0��F���� & 	����p�����������Q� � �����
��lWF�	0������

� . u � 0 �^0f& y * � � u � 0 �^0f& y 0 ut�+K�j %Wy
���:�1�������)�@&��G���%�; ��*��FAJ��� 4$�<��� ������� �#�%+I4$" ��� W X�YJZ QP�%�<�N��BL=2QDU	�M[G���(��*����1�������<���<�I!��M[/�%*,���O��� ��
<�������%�;����!

KL�<*I�JA0�����(��� �OK��)�I����" �#"C		�����%��!�O�)
C�%+���� !<���F�;����" �����L�����(�@���� �
�
=



��� �����	��
����
���������
�� - 


$I���-
��c�+��r������P�����U�����+� � u � yN�!k�����U����
���+� �������������'2�~\+�-��/*����	������-���-���O��-!k�-���8\S��������K(|A�-���/
�������k���-���������A
��+��'(��
J	0�5%5�����������	����k�!H�����A�Q$1"��%5��
������;	����M��lWF�	��]�W�(
����������F�
����-��V	����B������0�����
��� � u � 0 � u � y 0f& y�K g �D	Y����
�����D������%D����������-F+���-��V�!b�����N�Q$12��l>F�	0���-�����)

� u � 0 � * j ` } 0!& y * � u �  0 � u �  y 0f& y ut�+K-j � y	 u � 0 � * j ` } 0!& y * 	 u �  0 � u �  y 0!& y ut�+K-j���y

/���<����k�����M�+�������-�Q�(�!@����� ! ��:� ^ ) � )>	����(����	C�:�!]�����M� ^ ) �  )W$I�-���2
����
���������	0���-���� � u �  ya	����j >�� u �  y�)��-�?��lWF����-��������F�'?K



� ����� ���

� 	 
��  
�	 ��� �

� �





� � ��� ��� � �

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

����� ���������! �"�#$��%&�'�

|)(+*-,.(0/21436587:9<;=1.>?7@,.A6BC9D,.;?EF365 *HGI,./?7J9&BA}LKNM4KOMP3O5Q7J9&R4BJ,.AS9&TQ>I,U7:361.5=,V5W;X/29&BY7:>WBCZI,V7:3O145[7:GW9<14BJ3O9&(
(J>?\]9&BP^_BJ14`�,[Aa,.bdc=1.^e7JGW9&BC`f1g;?Eg5I,.`'36bhb&145W(C36(Y7:9&5?b<E2ij7JGI,V7P3O(&k�;W3O\]9&BC9&587PBJ1.>?7:9<(P7J1l7JGW9&BC`f1g;?E8m
5I,.`'36b&(nEg369&AO;�;W3N\o9<BJ9&587$BC9&(C>WAO7J(&K�p$GQ>W($(J9rq49<B:,.AS3O5Q7J9&R4BJ,.A29&TQ>I,V7J36145F7JGW9&1.BJ369<(-GI,Dq49sZ29&9<5[`f1g;W3NtI9&;
365!(J>WbdGX,u*H,DE�7:GW,V70b&145W(C36(Y7:9&5?b<E!Z29<7v*e9&9&5X;W3O\]9&BC9&587+BJ14>L7:9&(036($9<5?^_14BCb&9&;oK

w 5W9!1.^@7:GW9<(J9x,V/W/WBJ14,.bdGW9&(f36(y7JGW9=R.9&5W9<B:,.AO36z&9<;{`'9D,V5{(C/WGW9&BC36b&,.A0,./W/WBC1�|L3O`F,V7J36145~}'�P� �L�s�
*+GW36bdG[3O(H,.5F9r|g7:9<5W(J3O145[1.^S7:G?9N� �L��K?��7e*-,.(H36587:BC1L;W>?b&9&;FZQE'��,.36(C`F,.5 � %Q���27:1h3O`f/?BJ1�q4907:GW9 ���
(J14AO>?7:3O145x1.^�GI,VBJ;x(C/WGW9&BC9&(<Kh�09y`f1g;W3NtI9&;l7:GW9 �	� ,V5W(:,V7Jz��V}��.�$� � ^_14B@�[����koZ8EX,.(J(C>W`'365WR[,
^_14BJ`�1V^�, � >WcU,D*-,u7d,.3OA]^_14B+�V}��.�H14>?7J(J3O;W9s7:GW9j� *)kI3�K�9VK

�.}_�4����� �h�V�g�d���J�g�<� ^_14B �y���]� } %WKNM��
� ,.3O(J`f,.5u;W9&BC3Oq.9&;�,V5�,.5I,VAOEQ7:3Ob-(J14AO>?7:3O145u1.^o7JGW9 wj¡ 9&TQ>I,U7:361.5f(C>W/W/WAO9&`'9&587:9<;�Z8E�7:GW9+9r|?,.br7-b<14BJ9
b&145W;?3O7:3O145¢,.5W;¢7:GW9lb&AO14(J>WBC9=BC9&A6,V7:3O145~} %WKNM��£K � ,.(C9&;{145¢7JGW36(f,.5I,VAOEQ7:3Ob[(J14AO>?7:3O145¤GW9=bdG?14(J9!7:GW9
/I,.B:,V`f9r7:9&BC( � ,V5W;l¥u3O5[14BJ;?9&B-7:1�tW7H7:GW9¦7JGW9&BC`f1g;?Eg5I,.`'36b<(-1.^�7:GW3O($`f1g;W9<A]7:1�b<14`'/W>?7:9<B$(J3O`y>Lm
Aa,V7J36145f;I,V7d,Lk?/I,.BJ,.`'9<7:9<BJ3Oz&9&;F365F7J9&BJ`'(-1.^S7JGW9 *-,.BC5I,.GI,V5 �g7d,.BCA63O5WR[}'* �W�e9&TQ>I,U7:361.5[1.^�(C7:,V7:9 � %��$��K
p$GW9�B:,V;W3a,.A	;W36(Y7:BJ3OZW>?7J36145§^_>W5Wbr7:361.5�(C1x14Z?7:,.365W9<;�b<145W(C36;W9<B:,.ZWANE§36`'/WBJ1�q.9&;�7JGW9 �	� 145W9VK!��,.3O(Ym
`F,.5 (�(@,.5I,.ANEQ7:36bs(C14A6>L7:361.5!*H,.(@9r|g7:9<5W;W9&;�Z8El�0¨.E49h,.5W; �Q7:9&AOA � % %#�S7:1'7:GW9jbD,.(C9j*+G?9&5X7JGW9�;?36BJ9<b<7
b&14BCBJ9&A6,V7:3O145�^_>W5Wbr7:3O145!36(+,uA6365?9D,.B-b<14`yZW3O5I,V7J36145�1V^©7v*e1 � >?cV,D*H,'7:,.36AO(&K

�V}��.���«ªP¬� � �g�Y����J�g�<�¯® ª �� � �g�±°Y���J�g�&� ^_1.B �y���o� } %WK²�4�
³ �



��� ���*� ���	��
����������
������������ ��� ������� �"!#���%$�� ���
��^	145W9j36587:9<BJ/WBC9<7:(07:GW9PtIBC(C7 � >WcU,�*H,'7J9&BC` ,V(@b<14BJBC9&(J/2145W;?365WRu7:1'7:GW9'& �L� b&AO14(J>WBC9�BC9&A6,V7:3O145[^_14B
�V}��.�H14>?7J(J36;?9j7JGW9Pb&14BC9j^_14B+,u(CEg(Y7:9&` *+3O7JG[7:GW9j/I,.3OB$/]1.7J9&587:36,.A)(�*	}_�4���,+.- � � �g� ��²�C�g�&� 7:G?9&5=7JGW9(C9&b&1.5W;�7:9&BC`�b&,.5§Z]9yqg369r*H9<; ,.(P,�b&14BCBJ9<b<7:3O145x7:9<BJ`�,.(s365X7JGW9y��,.36(C`F,.5X/I,.B:,V`f9r7:9&BC36z&,V7:3O145x1.^
�V}��.�)^_14BsGI,.BC;�(J/?GW9&BC9&(&K[�@R8,.3O5§7JGW9&BC9F,VBJ9u7v*H1=/I,.B:,V`f9r7:9&BC( ª � ,V5W; ¥ � ,�qV,.3OAa,.Z?A69y9<3O7:G?9&Bs7:1!tW77JGW9&BC`f1g;?Eg5I,.`'36b&,.A6ANE[b&145?(J36(Y7:9<5Q7PTQ>I,V5Q7J3O7J369&(<kS,.(sR43Nq49<5�ZQEXb&14`'/W>?7J9&Bs(C36`y>WA6,V7:3O145 k¯14B)7J1[(:,V7J36(Y^ E
7JGW9�7:GW9<BJ`'1L;?Eg5I,V`f3Oby(J9<AO^amvb<145W(C36(C7J9&5WbrE§BJ9<Aa,V7J36145x*+3N7:GW14>L7j,.58Ex^_>WBC7JGW9&Bs7JGW9&BC`f1g;?Eg5I,.`'36by3O5W/W>?7&K
�L1�7JGW36(-3O(+,�/]14(C(J3OZW36AO3O7vEu7:1�3O`f/WBC1�q49¦7:G?9'& �L��*+GW14(C9�`f,.365F;W9<tIb<369<5Wb<E!3O(H7:GW9P(C>WZW(C7:,.587:36,.A Aa,Vbdc
1.^H7:GW9<BJ`'1L;?Eg5I,V`f3Ob'b<145W(C36(C7J9&5WbrE�*+G?36A69'BJ9r7d,.3O5W365?R=3N7:(jR4BJ9&,V7y,V;?qV,.587d,.R49f1.^+,.5W,.AOEQ7:3Obu(J14AO>WZW36AO3O7vE
^_14B$GW,.BJ;Lm�b&14BC9 � >WcU,D*-,X}��0/ � �-(CEg(C7J9&`'(&K

�~(J36`'36A6,.B213&54L�~(JbdG?9&`'9@*H,.(H;W9rq49<A614/29&;�Z8E64g7J9&AOA ������798 ^_1.Bn3O145W3Ob+,.5W;F;?36/214Aa,.B�:W>W36;W(<;>=@?�A�i
p$GW9<BJ9s3N7e*H,.($bD,VA6A69<;�,y(C9&AO^am�b&145?(J36(Y7:9<5Q7 w BC5W(C7J9&3O5 ¡ 9&BJ5?36c.9¦,./W/WBC1�|L3O`F,V7J36145X}B4/ wj¡ �¦�e(J3O5Wb&9)(J9&AN^am
b<145W(J3O(C7J9&5WbrEh,V`f145?R07JGW9n7JGWBJ9<9e7JGW9&BC`f1g;?Eg5I,.`'36b�BC14>?7:9<($}_3±K 9.K�qL3OBJ36,.A±k�9<5W9&BCR.E�,.5W;hb<14`'/WBJ9<(J(J3OZW36AO3O7vE
BC14>?7:9D�0*H,.(P9&5?^_14BCb&9<; K��@1�*e9<q.9&B&k 365�b<14587:BJ,.(C7s7J1!7JGW9.4C/ wP¡ � 365�3N7:(¦/?BJ9&(C9&587Pq49<BJ(J3O145§7:GI,V7)*H9
*+3OA6AH3O587:BJ1g;W>Wb<9[Z]9<A61�*Pk�7:GW9<BJ`'1L;?Eg5I,V`f3Ob�b&145?(J36(Y7:9<5Wb<E *H,.(',.bdGW3O9<q49<; Z8E tW7C7:3O5WR�7:GW9l,DqV,.36A6,.ZWA6913&54L� /I,.B:,V`f9r7:9&BC(07J1F(C14`f9�9r|g7:9<BJ5I,VA	(J9r7¦1.^�;I,V7d,f9&3O7JGW9&B0R43Nq49&5XZQE=,F/?BJ9&(Cb&BC36Z29&;x9<Tg>W,V7:3O145x1.^
(Y7d,V7J9�14B+14ZL7d,.3O5W9&;l^_BJ14`�b<14`'/W>?7:9<B@(C36`y>?Aa,V7J36145W(<Ke�v5=b&14587JB:,.(Y7Dk2365!7:GW9'4C/ wP¡ � *+3N7:Gl*+GW36bdGl*H9
*+3OA6A�Z]9Fb&145Wb<9&BC5W9&;¤Z29&A61�*«5W1x(C>W/W/WAO9&`'9&587d,VBCE�7JGW9&BC`f1g;?Eg5I,.`'36b'14B�1.7:GW9<By365?/W>?7�3O(h5W9<b&9&(C(:,.BYE4K
p$GQ>W(+7:GW3O($(JbdGW9<`f9j36($9<587:36BC9&ANE�(J9<AO^am�b&14587d,V365W9<; K

p$GW9P7:GW9<BJ`'1L;LEL5W,.`f3Ob¦b&1.5W(J3O(C7:9<5Wb<E!BC9&A6,V7:3O145W(-b&,.5=Z29P9r|L/WBC9&(J(C9&;x3O5[7:GW9s^_14BC`(EDGFH � (EDGIH }J=WK ³ �(EDGFH � (ED�KH � }J=WKL=Q�
�01�*e9<q.9&B<kj3O5 `f14(Y7l,./W/WAO36b&,V7:3O145W(�1.^�A63OTQ>W36;Lm�(C7:,V7:9X7JGW9&1.BJ369<([7:GW9�tIBC(C7lb&145?(J36(Y7:9<5Wb<E~BJ9<Aa,V7J36145 3O(
BJ,V7:GW9<B$9r|L/WBC9&(J(C9&;§,.( M (�N�D�FN H O2P � MH�QSR�T<U PWV }J=WKX?4�
*+GW9<BJ9 U P 36(H7JGW9s36(C1.7:GW9<BJ`f,.A2b&14`'/WBJ9<(J(C36ZW3OA63O7vEu1.Z?7d,.3O5W9&;�^_BC14` 7:GW9sb<14`f/?BJ9&(C(J3OZW36AO3O7vE'BJ14>L7:9.K�p$G?36(
3O(s;W145W9'365§7:GW9<BJ`'1L;LEL5W,.`f3ObD,.AOAOEl(J9<AO^am�b&145W(C36(Y7:9&587�36587:9<R4B:,VA�9&TQ>I,V7J36145�,./W/?BJ18,.bdG?9&(&k©A63Oc.9u9.K RWKf7JGW9
`'1L;?3OtI9<;¢G8Eg/29&BJ5?9<7J7J9&;Lm�bdGI,.3O5 }B&X�<Y0/$��7:GW9<14BCEZ;>=S[\A�K��v5{7JGW36(',./?/WBJ18,VbdG 7:GW9 wP¡ BC9&Aa,U7:361.5¢3O(
(C14AOq.9&;!*+3O7:G[7JGW9Pb&A61.(J>WBC9jBC9&A6,V7:3O145X]

}��.��� � �@^�_���� �9`Ca���� �a��b��²� �9` K
�²�v� V }J=WKc[8�

*+GW9<BJ9+7:GW90ZWBC36;WR49$^_>W5?b<7:3O1456d�}��.��36(�,./?/WBJ1D|L36`f,V7:9<;fZ8E�7JGI,V7n1.^S,P(J>?3O7d,VZWAOE�bdG?14(J9<5[�04uBJ9<^_9<BJ9<5Wb&9
(YEL(Y7:9<` ,.(J(C>W`f3O5WR!7:GW9u>W5W3Nq49<BJ(:,VA63O7vEXG8EL/21.7JGW9&(C36(j1.^H7JGW9uZWBJ3O;WR49y^_>W5Wbr7:3O145W(6;e=f[\A±Kup$GW96d�}_�4�¦,VBJ9
9<3O7:G?9&B	1.Z?7d,.3O5W9&;�^_BJ14` 7:G?9hg�9&BCA69<7Ym���9&3O(	/I,.BJ,.`'9<7:9<BJ3OzD,V7J36145j1.^I7:G?9-/I,.3OB	;W3O(C7:BC36ZW>L7:361.5j^_>W5?b<7:3O145y14B<k



� 
���� �����������B��
 ���
,.AO7J9&BJ5W,V7:3Nq49&ANE4k¯Z8E=7JGW9
	 � ZWBJ3O;WR49P^_>W5Wb<7J36145oK@p$GW9h�04=;?3a,.`'9<7J9&B036(0bdGW14(J9<5x7:1�9<5?^_14BCb&9h9<TQ>I,.A63N7vE
1.^	7JGW9Pb&14`'/WBJ9<(J(C36ZW3OA63O7vEuqg3a,y7JGW9sqL3OBJ36,.A ,.5?;l7JGW9Pb&14`'/WBJ9<(J(C36ZW3OA63O7vE'BC14>?7:9f}J=WK ?.�rK

w 7:G?9&Bu7:GW9<BJ`'1L;?Eg5I,V`f3Obl(C9&AN^amvb&1.5W(J3O(C7:9<587Fb<A614(C>WBJ9lBJ9<Aa,V7J36145W(u>W(C9X(C1�bD,VA6A69<;���`'3N|L9&;{b&A61.(J>WBC9�
BJ9&A6,V7:3O145W(<k�3±K 9.K�7:GW9rE 3O5Q7J9&BC/]14A6,V7:9f365 ,X^_>?5Wb<7J36145I,VAe^_14BC` Z29<7v*e9&9<5¢7v*e1§;W3O\]9&BC9&587ub&1458q.9&587:3O145I,.A
b&A61.(J>WBC9)BJ9<Aa,V7J36145?(&K	�v5'7:GW3O(e3O587:9&BC/]1.Aa,V7J36145�(CbdGW9&`'9s,�`'3N|L3O5WRs^_>W5Wb<7J36145����2}_�4�	*+3N7:G�,V5�,.;��C>?(C7d,VZWA69
/I,.B:,V`f9r7:9&B�� 36(j36587:BC1L;W>?b&9&;�7:GI,V7�36(jbdGW14(C9&5 (C1=7:GW,V7hb<145W(C36(C7J9&5WbrE�3O(�9<5?^_14BCb&9&;oK w 5W9f1.^-7:G?9&(J9
,./W/WBC18,.bdGW9<(�3O(¦7:GW9��+14R49<BJ( � 14>W5WR�}�� � �¦,./?/WBJ1D|L36`f,V7:3O145 ;>=�� A�7JGI,V7P3O5Q7J9&BC/]14A6,V7:9<(¦Z29<7v*e9&9&5 7:GW9	 � ,.5?;l7JGW9j� Y0/~,./W/WBC1D|?3O`F,U7:361.5 K���7:(+b<A614(C>WBJ9s3O(0R.3Oq49<5!ZQE]

}��.��� � �@^ _���� � M
M ® ����� ��� ��� aD�²� �a��b��²�v�! + M�"�2}��.� O � }�=WK#�4�

�)5!,./W/?BJ14/WBC3a,V7J90^_1.BJ` ^_14B$�"�h*e14>WA6;FZ]9¦9VK�R?K%���¯}_�4��� M + � �
�
� k?3±K 9.K©^_14Be�j��&�7:G?9'	 � (J1.A6>?7J36145

36(j14Z?7d,V365W9<;�7:GW,V7h3O(�`'14BC9f,V/W/WBJ1./WBJ36,V7:9�^_14Bj(JGW1.BC7Cm�B:,.5?R49&; ^_14BJb<9&(&k©*+GW36AO9'3O5�7JGW9fAO36`'3O7s�)( *
145W9X1.Z?7d,.3O5W(u7:GW9X� Y0/ b<A614(C>WBJ9!7:GW,V7F3O(F,Vb&b&>?B:,V7J9=^_14B'A6145?RVmvBJ,.5WR49<;{/21.7:9<587:3a,VA6(',.5W;�>?(J9&('7:GW9
,./W/WBC1�|L3O`F,V7J36145l7:GI,U7"d�}_�4�$�+&?K¦p$GW9�� � ,./W/?BJ1D|L36`f,V7:3O145lEg3O9&A6;?()9r|Lb<9&A6AO9&587sBC9&(J>?AO7:(@^_14B)/W>?BJ9&ANE
BJ9&/?>WA6(C3Oq49P(YEL(Y7:9<`f(<K

�@5W1.7:G?9&B�(C9&AO^am�b&145?(J36(Y7:9<5Q7,�²`'3N|L9&; b&A61.(J>WBC9�n36587:9<R4B:,.A09&TQ>I,U7:361.5�7:GW9<14BCE{36('7:GW9�� &54L� ;>=.-\A�k
7:GI,V7+3O587:9&BC/]1.Aa,V7J9&(HZ29<7v*e9&9<5=7JGW9P� Y /~,.5?;!7JGW934C&54g� ,.5W;!36(-`'14BC9¦(J>W3N7d,.Z?A69@^_1.B-(CEg(C7J9&`'($*+3O7:G
,V7J7JB:,.br7:3Oq.9P/]1.7J9&587:36,.Ao7JGI,.5[7:GW9/� � ,./?/WBJ1D|L36`f,V7:3O145 K©��7:(+b&AO14(J>WBC9P36($R43Nq49&5lZ8E]

}_�4��� � �@^ _10W��� � M
M ® � � � ��� �2� aD��� �a��bv��� �a��_13W��� �4 + M�"�2}��.� O V }�=WK5-8�

*+GW9&BC9 *76©}��.��� 89 : *©}��.�G+ *	}_��;H� �=< �1;& ���{��; }�=WK5>8�
36($7:GW9PBC9&/W>WAO(J3Nq49P/I,.BY7+1.^©7JGW9P/]1V7:9&587J3a,.AS,V5W;* - }��.��� 89 : *	}_��;H� �
< ��;*	}_�4� �y����; }J=WKNM�&8�
7:GW9�,U7J7:BJ,.b<7J3Oq.9h145W9@? ��; ;W9&5?1.7:9<(P,F(J>W3N7d,.Z?AOE!bdGW14(C9&5§(J9</I,.BJ,V7:3O145x;W3O(C7d,V5Wb&9Vko365XR49&5W9<B:,.A 3O7)36(+7:GW9
/]14(C3O7J36145[1.^ 7:G?9�`'365W3O`y>W` 1.^ 7:GW9P/21.7:9<587:3a,VA±KBAI14B-7JGW9P`f3 |?3O5WRy^_>W5Wbr7:3O145)���¯}_�4�-145W9sb&,.5=,.(J(C>W`f9
,X^_>W5Wb<7J36145¤,V(h7:GW9F145W9[>W(C9&;¢,.Z21�q.9.K§�v5¤Z]1V7:G ,./?/WBJ18,VbdGW9&(�7:G?9�/I,.BJ,.`f9r7:9<B=� 3O(hqV,.BJ3O9&; >W587J36A
9&T¯K©}�=WKX?4�H36($(J,V7:3O(CtI9<; K

p$GW9 &X�<Y0/)k 13&54L��k�,.5W;¢�0&54g� Eg3O9&A6;¤,Vb&b&>?B:,V7J9!7JGW9&BC`f1g;?Eg5I,.`'36b<(�,.5W;¢/WBC9&;W3Ob<7',.b<b&>Lm
B:,V7J9&AOE 7:G?9[A636TQ>W3O; ,.5W; qV,./214BhZ?B:,.5WbdG?9&('1.^+7:GW9[b<1L9£|?3O(C7J9&5Wb<9lb<>WBCq.9&( ;C>?kG=.>�A±k�ZW>?7�7JGW9<E�^�,.36A�7:1
b&1458q49<BJR49ub<A614(C9y7:1�7:G?9yb&BC3O7:3ObD,.A /21436587DkoA69D,Dqg365?RF7:GW9y7v*e1!ZWB:,V5WbdGW9&(P>W5?b&145W5?9&b<7J9&; ;c?@&\A�,.5?; 9<(C7J3Nm
`F,V7J9&($^_14B-7JGW9Pb&BJ3N7:3ObD,.A]/]143O587+/I,.B:,V`f9r7:9&BC($bD,.5l145WANE�Z29P14Z?7d,V365W9<;lZ8E[9£|g7:B:,V/]14A6,V7:3O145 K



��� ����7 ���	��
����������
������������������������ �"!#���%$������
p$GW9u7v*H1l/WBC14ZI,.ZWANEx`'14(C7j/WBC14`'36(J3O5WR[,./?/WBJ18,VbdGW9&(�,V7P7:GW9u`'14`'9&587s7:GI,U7Pb&36BCb&>W`�q49&587j7:GW9<(J9

/WBC14ZWAO9&`'(e,VBJ9+7:GW90GW369<B:,.BCbdGW36b&,.AIBJ9r^_9&BC9&5Wb<9)7:GW9<14BCE=}�� �	p0�W; ��A],.5W;f7JGW9+7:GW9<BJ`'1L;?Eg5I,V`f3ObD,.AOAOE�(J9&AN^am
b<145W(J3O(C7J9&587 w BJ5?(C7:9<365 ¡ 9<BJ5W3Oc.9X,./W/WBC18,.bdG } 4C/ wP¡ �s��Z]1.7JG�1.^¦7JGW9&` /WBC1�qL3O;W365?R q.9&BCE�,.b&b<>WB:,U7:9
/WBC9&;W3Ob<7J36145W(n^_14BH7JGW9)7:G?9&BJ`'1g;?Eg5I,.`'36b&(<kL7JGW9¦/WGI,V(J9s;W36,.R4B:,V`f(H,.5W;�7:G?9¦b&BC3O7:3ObD,.A2Z29&GI,Dqg3614B<K���(J/29rm
b<3a,.AOAOE�3O5l7JGW9hb<BJ3N7:36b&,.ASBJ9<R4361.5 kI*+GW9&BC9h7:GW9�,.b<b&>WBJ,.b<E=1.^�3O5Q7J9&R4BJ,.AS9&TQ>I,U7:361.5X7:GW9<14BJ3O9&(@,.5W;=/]9<BC7:>?BYm
ZI,U7:361.5=7:G?9&14BC369&(@;W9&b<BJ9&,.(J9<(s;WB:,.`f,V7J36bD,VA6AOE�}_7JGW9<E=;W1F5?1.7¦(C>Wb&b<9&9&; 365=BJ9</WBJ1g;W>Wb<365WRF7JGW9h(CGI,./29y1.^
7JGW9fb<1L9£|L36(C7J9&5Wb<9�b&>?BCq49F,.5W; 7:GW9fA61gbD,V7J36145§1.^e7:GW9fb&BJ3N7:3ObD,.A�/2143O5Q7J(�b<14BJBC9&br7:AOE?�s14BP7:GW9<36Bj(J14AO>?7:3O145
^�,.3OA6(<k?Z21.7:G[7:G?9&14BC369&(+BC9&`f,.365[GW3OR4GWANE�,.b<b&>WBJ,V7:9j,.5?;=(C>Wb&b<9&(J(Y^_>WA±K

p$GW964C/ wP¡ � *H,.(P/WBJ14/214(C9&;�,.A6BC9D,.;?E=(J1.`f9y7J36`'9�,.R41[Z8E§�0¨.E49',.5W; 4g7J9&A6A ;c?gM4k ?4��A�kSZW>?7P3N7
*H,.(P145WANEXBC9&b&9<587:AOEX7:GI,V7P3N7sb&1.>WA6;�Z29u(J14ANq49&;§5Q>W`'9&BC36bD,VA6AOE!^_14BP,[`'1L;?9&A	(YEg(C7:9<` ,.5W;§BJ9<(J>WAN7:(P1.^
BC9&`f,.BJcU,.ZWAO9s,.b<b&>WBJ,.b<E[*e9&BC9�14ZL7d,.3O5W9&;#;C-\A±K

p$GW9n7:GW9<14BCEPGI,V(	Z29&9&5j^_14BJ`h>WAa,V7J9&;j365j;W3O\]9&BC9&587 q49&BC(J3O145W(&k4,.A6A81.^L7:GW9<` ZW>W36AO;W365?R0;?36BJ9<b<7JAOEs>W/2145
7JGW9 &54L� b<A614(C>WBJ9-,.5W;�b&1.`yZW365?365WR¦3N7	*+3N7:Gh7JGW9$BJ9<Tg>?36BJ9<`f9<587�1.^¯7:GW9<BJ`'1L;LEL5W,.`f3ObHb<145W(J3O(C7J9&5WbrE ;e[\A
7JGg>?(�BJ9<`f1�qg365WR 7:GW9=`F,V365 ;?9<tIb<369&5?b<E{1.^s7:GW95&54L��KH�v5 7JGW9x;W3N\o9<BJ9&587fq49&BC(J3O145W(�145?9X14Bf`f14BC9
(Y7d,V7J9j;?9&/29&5W;W9<587@^_>W5?b<7:3O145W(0,.BC9s36587:BC1L;W>?b&9&;l365[7JGW9 &54L� BJ9<Aa,V7J36145[Z29<7v*e9&9<5��.}_�4�-,V5W;#+W(�*	}_�4� ?
,.5?;¤7JGW36([}�14By7JGW9&(C9��h^_>W5Wbr7:361.5�}�(:�h36(!}�,.BJ9D�h;W9<7J9&BJ`'365?9&;¤365 (C>WbdG ,x*H,DE 7:GI,U7�7:GW9<BJ`'1L;?Eg5I,V`f3Ob
b<145W(J3O(C7J9&5WbrE{qg3a, ;W3O\]9&BC9&587F7JGW9&BC`f1g;?Eg5I,.`'36b!BC14>?7:9<(�36('9&5?(J>WBC9&; k+7:GQ>W(fA69D,V;W365WR 7:1�}�,8��/I,.BY7:3a,VA
;W3N\o9<BJ9<5Q7J3a,.A�9<Tg>W,V7:3O145�}�(:�h}�	��	�n�$^_14B07JGW36(h}_7JGW9&(C9��@/W,.B:,.`'9<7J9&BD}�(d�£K)p$GW9jqV,.BJ3O14>W(+q49&BC(J3O145W(¦1.^�7JGW94C/ wP¡ � ;W3N\o9<B$365[7:G?9jbdG?1436b<9j1V^©7JGW9&(C9h,.;"�C>W(C7:,.ZWA69s/W,.B:,.`'9<7J9&BC(&K

p$GW9�`f14(Y7lb&14`'/WBJ9<GW9&5?(J3Oq.9�b<145Wb&9</?7x1V^h7:G?36([7:GW9<14BCE /?BJ14/214(J9<;�365,;L?LM.k<?4��AP9<5W(J>?BJ9&(X(J9&AN^am
b<145W(J3O(C7J9&5WbrE�Z29<7v*e9&9<5 7:GW9'qL3OBJ36,.A±kS7:G?9F9&5?9&BJRVE ,.(P*e9&A6Ae,.(j7:GW9fb&14`'/WBJ9<(J(C36ZW3OA63O7vEXBJ14>L7:9.K
�¦>W9u7:1
7JGW9Pb&14`'/WA69£|L3O7vE[3N7:($5Q>W`'9&BJ3ObD,.AS(C14A6>L7:361.5�*-,.(@36`'/WA69<`f9<587:9&;�^_1.B@,uGI,.BC;Lmvb<14BJ9P145?9rm � >?cV,D*H,.:I>?36;
}��0/)M � �s1.5WAOEXBJ9&b<9&587:ANE§Z8E /-,.b&b&,.`'1 ��� ��798 ;>=.>\A�K=}��v5§7:GW9<36Bsb<14587:BJ3OZW>?7J36145�7:G?36(¦q49<BJ(C36145 1.^H7JGW94C/ wP¡ � 3O(�,.b<7J>I,.AOAOE�bD,.AOA69&;.13&54L� ¬ k.*+GW3OA69H7JGW9$;W9&(C36R45W,V7:3O145.4C/ wP¡ ��7:GW9<BJ9<365'BJ9<^_9<BJ(�7J1�,V5W1.7:G?9&B
q.9&BJ(C36145l1.^ 7:GW9 4C/ wP¡ ��K �-�v5!7:GW3O($b&14587:BC36ZW>L7:361.5�7:GW9Pb&AO14(J>?BJ9PBJ9<Aa,V7J36145�7J1u7JGW9 wP¡ 9<Tg>W,V7:3O145!36(]

}��.��� & ^_14B ��� �
�V}��.�x� +W(�*	}_�4� ® � �������������

�
^_14B �y� � V }J=WKOM.M��

*+GW9<BJ9-�[3O(	,VR8,.365j7:GW9-�0/ ;W3a,V`f9r7:9&B©,.5W; � ,V5W;�¥s,.BC9$,.;��C>W(Y7d,.Z?A69H(Y7d,V7J9rm�;W9&/29&5W;?9&587�/I,.BJ,.`f9r7:9<BJ(
7J1�9&5W(C>WBJ9s7:G?9&BJ`'1g;?Eg5I,.`'36b)b<145W(C36(C7J9&5WbrE4Knp$GW9s5Q>W`'9&BJ3ObD,.A](J14AO>?7:3O145[1.^�7:G?36($,./?/WBJ1D|L36`f,V7:3O145f*H,.(
5W1V7+14Z?7d,V365W9<;lZ8E!(C14AOqg365?Ru, 	��	� Z?>?7+7:GWBC14>WR4Gl,.5l3O7J9&B:,U7:3Oq.9s/WBJ1gb&9<;W>WBC9.K

p$GW9lq49&BC(J3O145�1.^s7JGW954/ wj¡ � *+3O7JG{*+GW3ObdG *H9=*+36A6A$Z29Xb<145Wb<9&BJ5?9&; 365¢7:GW9l^_14A6AO1�*+365WR�b<145Lm
7:,.365W(�145?AOE�145?9)(C7:,V7:90;W9</]9<5W;W9&587-^_>?5Wb<7J36145 ª } H V (©��*+GW3ObdG�,./?/]9&,.BJ(H,.(H,j/WBJ1./]14BY7:3O145I,.AO3O7vEj^�,.b<7J14B

�������! "��#"$&%('*)�+-,�./$10�#"2435�63�7	897/$12;:=<�.>8?7>0@0�#A.�B�2=$C7D A2=./EF3�GH7>:=:I./8?JK��24,��L�@7�MN�C A���O,�.N$1$P.NE�8Q�R7> AS�#"�T./8
35S@0�0�:=��$1��EU A2=E�VO "���	WKXZY\[Q]>^_ "��#"$`2=Ea "���!b�2=#A�6,� �,�./#"#A�R:=7> A2=./Ec8QS@E@,� "2;.NEdJK2; A�L7Nb�b�2; A2=./E@7/:HefS�gD7�Jh7i "��#"$13Rj!�����
7>$10�:=2k "S@b��63K7>E@bl#�7>E�VN�R3h.>8Z A���635�(efS�gD7�J�7m A��#"$C3K7>#"�n7/b�opS@35 A�6bi A.1<�2;�R:=bi A�@��#"$P.�b�<�E@7/$12=,(3A��:;8rqs,�./E@3A2=35 A�RE@,�<Nj



� 
���� �����������B��
 ���

Z]9r7v*H9<9&5 *	}_�4�$,.5?;l7JGW9�;?36BJ9<b<70b&1.BJBJ9<Aa,V7J36145[^_>W5?b<7:3O145=�.}_�4�-14>?7J(J3O;W9s7:GW9jb&14BC9.k2,.5W;l9&5L^_14BJb<9&()b<145Lm
(J36(Y7:9<5Wb<E{145WANE¤Z]9r7v*H9<9&5�7:G?9=b<14`f/?BJ9&(C(J3OZW36AO3O7vE¤,.5?;{7:G?9X9&5?9&BJRVE{BC14>?7J9.K p$GW3O(fb<A614(C>WBJ9=BJ9&A6,V7:3O145
,.`f1.>W587:($7:1u(J9r7J7J365WR ]

}��.�y� & ^_14B �����
�.}_�4�=� ª } H V (©� *©}��.�j^_14B �y��� V }J=WKNM��4�

*+GW9&BC9 ª } H V (	�P36(h,=^_>W5Wbr7:361.5 1.^$7:G?9F7:GW9<BJ`'1L;LEL5W,.`f3Obf(Y7d,V7J9§} H V (	�£KXp$GW9[b<145W;W3N7:3O145�145 ]
}_�4�£k

7:GW9'(J1Vm�bD,.AOA69<;�b<14BJ9'b&145?;W3O7J36145 kS3O(�9£|?,.b<7&k©*+GW3OA69y7:G?9f9£|?/?BJ9&(C(J3O145�^_14Bj�V}��.�s3O(h,V5�,./?/WBJ1D|L36`f,V7:3O145
,.5W;�3O`f/WAO369<(h7:GI,U7��V}��.�yGI,.(f7JGW9l(:,.`'9=BJ,.5WR49=,.('7:GW9l/]1V7:9&587J3a,.AHmy,.5�,V5W(:,V7Jzl7JGI,V7f36('>W(J>W,.A6ANE
BJ9<^_9<BJBC9&; 7J1�,.(!7:GW9 wP¡ ,./?/WBJ1D|L36`f,V7:3O145 k07:GQ>W(=7JGW9 5I,.`'9�(C9&AO^am�b&145?(J36(Y7:9<5Q7 w BJ5W(Y7:9<365 ¡ 9<BJ5W3Oc.9
,./W/WBC1�|L3O`F,V7J36145oK��v5Xb&1.5Q7JB:,.(Y7@7J1�7:GW9'&54L��k¯*+G?9&BJ9 ª } H V (©�e� +<(�k¯GW9&BC9 ª } H V (	�-3O(05?1.7+t?|L9&;x,/WBJ3O14BJ3©ZW>?7P36(s3O5W(C7J9D,.;§;W9r7:9<BJ`'365W9<;�(J1[7:GI,U7s7:GW9<BJ`'1L;?Eg5I,V`f3Obhb&1.5W(J3O(C7:9<5Wb<E§3O(¦9&5?(J>WBC9&;�Z29<7v*e9&9<5
7:GW9sb<14`f/?BJ9&(C(J3OZW36AO3O7vEf,.5W;[7:G?9s9&5W9<BJR.EFBJ14>?7J9.K�p$GW9j,.;Lq.,V5Q7:,.R49¦1V^©7JGW36(-(C36`'/WA69@BJ9<b&36/29¦3O(H7:GI,U7-7:GW9
(J14AO>?7:3O145§1.^e7JGW9 wP¡ 9<Tg>W,V7:3O145 7J14R49r7:GW9<BP*+3N7:G�7:G?9fb<A614(C>WBJ9�BC9&Aa,U7:361.5¢}�=WKNM��4�)3O(P7JGW9u(:,.`'9u,.(s^_14B
7:GW9 &54L� /WBC14ZWA69<`=K

p$GW3O(@(CbdGW9&`'9y1.^	7:GW9 4C/ wP¡ � *H,.(s,.AOBJ9&,.;?E[/WBC14/214(J9<;x365 ;c?4� A *+G?9&BJ9h9&TQ>I,V7J36145W(+^_14B0(J14ANqg365WR
7:GW9!(J9<AO^am�b&145W(C36(Y7:9&5?b<E /WBC14ZWAO9&` *e9&BC9!;W9&BC3Oq49<; K 	�BJ9<A636`'365W,.BCE BJ9<(J>WAN7:(y^_14Bu,x7JGWBJ9<9[;W36`'9&5W(C36145W,.A
Aa,V7C7:36b<9�R4,.(@^_14B@(J>W/29&BCb&BC3O7:3ObD,.AS7J9&`'/]9<B:,V7J>WBJ9<(¦365W;?36bD,U7:9&;l7:GI,U7 4C/ wP¡ � b<14>WAO;x/WBJ1g;W>Wb<9y,.b<b&>WBJ,V7:9
BJ9&(C>WAO7J(3;c? ³ A±K��01�*H9rq49&B<kIBJ9<(J>WAN7:(-*e9&BJ9sAO36`'3O7J9&;u7:1�(J>?/]9<BJb&BC3O7J36bD,VA]7:9<`f/29&BJ,V7:>?BJ9&(H(J365?b&9¦7:G?9¦5Q>W`f9<BYm
36bD,VAe(C14A6>?7J36145�1.^$7:G?9 4C/ wP¡ � 	��	� 1.^ ;L?4��An*-,.(�^_14>W5W; 7J1xZ]9f>W5W(Y7d,.ZWAO9F*+GW9<5 /WBJ1gb&9<9&;W3O5WRX7:1
7:9&`'/29&B:,U7:>WBC9&(+Z]9<A61�* 7JGW9Pb&BC3O7:3ObD,.A]/]1.36587DK

p$GW9PtIBC(C7@5g>?`f9<BJ36b&,.ASBJ9<(J>WAN7:(+Z29&A61�* T b *e9&BC9�1.Z?7d,.3O5W9&;lZ8E �¦36bdcQ`f,.5X,V5W;54Q7:9&AOA ^_14B0,u7JGWBJ9<9rm
;W36`'9&5W(C36145W,.A¦5W9&,.BJ9<(C7l5W9&3OR4GQZ]1.B[Aa,V7C7:36b<9xR8,.(#;C-\A�K �v5 b<14587:B:,V(C7!7:1¤7:GW9§14BC36R43O5I,.Ah}�5Q>W`'9&BC36bD,VA6AOE
>W5W(C7:,.ZWAO9�� 	��	� >W(C9&; 3O5 ;L?4� A±k *+GW9&BC9f7:G?9��@9<A6`'GW14AN7:zy^_BJ9<9f9<5W9&BCR.E§*-,V(h>W(C9&; ,.(P7:G?9fTQ>I,.587J3O7vE
7:1X(C14AOq.9f^_14B<k©7JGW9&(C9�,.>?7JGW14BC(hGI,Dq49f>W(J9<; 7:GW9'^_14A6AO1�*+365WR 	��	� ,.(jZI,.(J3O(�^_14Bs7JGW9 4C/ wP¡ ��9&TQ>I,Um
7:361.5 i�,.(J(C>W`'365WRy7JGI,V7$7:G?9P7JGW9&BC`f1g;?Eg5I,.`'36b<(-(C7J9&`'($^_BJ14` ,u>?5W36TQ>W9j�@9<A6`'GW14AN7:z@^_BC9&9P9&5?9&BJRVE�7:GW9
b&145W(C36(Y7:9&5?b<Elb&145?;W3O7J36145[b&,.5=Z29s9r|L/WBC9&(C(J9&;§,V(NN�( M MU ��� � O � H N����N H � V }J=WKNM ³ �
*+GW9&BC9 U ��� � � H�Q@R TWU P 3O(07JGW9hBC9&;W>Wb<9&;�3O(J1.7JGW9&BC`F,.ASb<14`'/WBJ9<(J(J3OZW36AO3O7vE[R.3Oq49<5XZ8El7:GW9 :I>Wbr7:>I,V7J36145
7:GW9<14BJ9<` ,.5W;	� ��
���F 3O()7:GW9�9£|Lb&9&(C(�}_1�q49&BP3O;W9D,.Aa�03O5Q7J9&BC5I,.A	9<5W9&BCR.E�/29&B)q.14A6>?`f9yR.3Oq49<5§ZQE=7:GW9
9&5W9<BJR.EX9&TQ>I,V7J36145 Kl��T2K�}�=WKNM ³ �+(J>W/?/WA69<`f9<5Q7J9&;�Z8El7:GW9yb<A614(C>WBJ9�BJ9<Aa,V7J36145=9&T¯K�}J=WKOM��4�0,V5W;x7:GW9 wP¡
BJ9&A6,V7:3O145 Eg369&AO;W(f, 	��	� ^_14B ª } H V (©�rK��@(J3O5WR§7:GW9X,.5I,.ANEg7J36b[(Y7:BJ>?b<7:>?BJ9X1V^)7:G?9=(C14A6>?7J36145¤1.^@7:GW9
wj¡ 9&TQ>I,U7:361.5x*+3O7:G�7JGW9�b&AO14(J>WBC9�BJ9<Aa,V7J36145¤}J=WKNM��4�0^_14B¦7JGW9�(CEg(Y7:9&` 7JGW9<Ex3658q49<(C7:3OR8,V7J9&; k �¦3Obdcg`f,.5
,.5W;#4g7:9<A6A	*e9&BC9',.ZWA69y7J1[9r|L/WBC9&(J('M�� U ��� � 3O5�b&AO14(J9<;§^_1.BJ`�3O5x7:9<BJ`'(s1.^�� ,.5W;�7J1[;W9&BC3Oq49', 	��	�
1.^-;W3N\o>?(J361.5§7vEg/29f^_14B�M�� U ��� � K'p$GW9F5Q>W`'9&BC36b&,.A�(J1.A6>?7J36145§/WBC1Lb<9&;W>WBC9f1V^H7:G?36(/	��	� *-,.(jBJ9rtI5W9<;



��� ����7 ���	��
����������
������������������������ �"!#���%$������
3O5x(J>WZ?(J9&TQ>W9<587h*e14BJcxZ8E 	�3O5W3 ���<��798 ;L?\=�A�K
	�365W3©;W9<q.9&AO14/]9<; ,.5§>W5Wb&1.5W;W3O7J36145W,.A6ANE4k],.b&b<>WB:,V7J9u,.5W;
9��fb<369<5Q7©(J1.A6>?7J36145j,.AOR414BJ3N7:GW`lkD>W(C365WR0GW3O(©9£|?/29&BC369<5Wb&9�^_BJ14` /?BJ9<qg3O14>W(�*H14BCcs145�7JGW9n� �	psiU,.AN7:GW1.>WR4G
7JGW36(y7JGW9&14BYE4kn7:GI,V7'3O('ZW,.(J9<; 145¢BJ9<5W14BJ`f,.AO36zD,U7:361.5�R4BC14>W/ ke36(�b&1.5Wb&9</?7:>I,VA6AOE ;W3O\]9&BC9&587u^_BJ14` 7JGW94C/ wP¡ �y}0^_14B�,.5 1�q.9&BCqg3O9<*�(C9&9 ; ��Aa�rk�3O7�,.A6(C1xBJ9<(J>WAN7:(�365�7:GW9[5Q>W`'9&BC36bD,VAH/WBC14ZWA69<` 1V^+(J14ANqL3O5WR�,
5W1.5LmvAO365W9&,.B 	��	� 1.^©;W3N\o>W(C36145[7vEg/29.K

�v5Z; -�A!�¦36bdcQ`f,.5¤,.5W; 4g7J9&A6Aeb&145?(J36;?9&BJ9<;¢7JGW9[Aa,U7J7:3Ob&9�R4,.(l}�14B�7:GW9!9&TQ>W3NqV,.A69<5Q7y�v(J365?R `'1g;W9&Aa�
3O5{7:G?BJ9&9X;W36`'9&5W(C36145?('*+3N7:G 5?9D,.BC9&(C7�5W9&3OR4GQZ]14Bf36587:9<B:,.br7:3O145W('145 qV,.BJ3O14>W('b&>WZ?36bXA6,V7J7J36b<9&(&K~p$GW9
/WBC9&;W3Ob<7J36145W(P*e9&BJ9[BC9&`f,.BJcU,.Z?AOE ,.b<b&>WBJ,V7:9Vk�9.K RWKX7:G?9FqV,.A6>W9<(h1.^ T b *e9&BJ9F14Z?7d,V365W9<;�*+3O7JGW365 &?K ���
1.^�Z29&(Y7P9&(Y7:36`f,V7J9&(¦,V5W;�1.7:G?9&B¦b<BJ3O7J36b&,.A©/?BJ14/29&BY7:369<(¦,.R.BJ9&9<;x*+3O7JGW365 MrmY����1.^�7:G?9yZ]9<(C7P5Q>W`'9&BC36bD,VA
9<(C7:3O`F,U7:9&(<K)�@A6(J1f7:GW9jq.,VBJ361.>W()9r\o9<b<7:3Nq49yb<BJ3N7:36b&,.A�9r|L/2145W9&587J(&k 7:GW,V7s,.BC9h;W9rtI5W9<;�,V()7:GW9�(JAO14/]9<(¦1.^
b<>WBCq.9&(01.^	AO14R8,.BC3O7JGW`f3Ob@/?A61.7J(&kW9VK�RWK

�	��
 �� A614R U � ¬P
� A614R�� V }J=WKOM�=Q�

*+GW9<BJ9��f� P � P��P�� k�*H9<BJ9l3658q49<(C7J36R8,V7J9&; ke,.5W;¢3O7h*-,.(�^_14>?5W;¢7JGI,V7�7JGW9<E *e9&BC9lb<A614(C9[7:1�7:GW9!9<(C7:3 m
`f,V7:9<;F9£|W,Vb<7H^_1.BJ` >W5WAO9&(C(eq49<BCEfb&AO14(J9+7:1j7:GW9@b&BJ3N7:3ObD,.AI/21436587&KBAI>WBC7JGW9&Bn5Q>W`f9<BJ3ObD,.A¯BJ9<(J>WAN7:(n^_14Bn7JGW9
7JGWBJ9<9rmv;?36`'9&5W(C36145I,VA©A6,V7J7J36b&9�R8,.(¦Z8E��H14BJR.9�,.5W; �@¨VE49 ;L?f?�A�,V5W; 	�365W3 ���W��798 ;L?\=�A	b&145?tWBJ`'9&;x7:G?36(
/W3Ob<7J>WBJ9Vis,.Z21�q.9y7:GW9�b<BJ3N7:36b&,.A©7J9&`'/]9<B:,V7J>WBJ9�7:GW9y7JGW9&14BYExEg369<A6;W()7JGW9�(:,V`f9�b<BJ3O7J36b&,.A©9£|L/]145?9&587:(�,.(
7JGW9)(C/WGW9&BC36b&,.A]`'1g;W9&A¯ZW>?7n7:G?36(HBC9&R43O`f9+3O(nq.9&BCEf5I,.BCBJ1�*Pk?(C1�7JGI,V7H7JGW9&BC`f1g;?Eg5I,.`'36b<(n,.5W;�9r\o9<b<7:3Nq49
9£|?/2145W9<587:(u,.BC9�365 R.1L1g; ,.R.BJ9&9<`f9<587y*+3O7JG�7:GW9f7:BJ>?9�b&BC3O7:3ObD,.A�Z29&GI,Dqg361.By>W587:3OAn7JGW9F7:9<`f/29&BJ,V7:>?BJ9
;W3N\o9<BJ(0^_BJ14` 3O7J()b&BC3O7J36bD,VA qV,.AO>W9hZ8ExAO9&(C()7:GI,V5 M���K w 5x7JGW9yb<1L9£|?3O(C7J9&5Wb<9�b&>WBYq49=}�3�K�9VKsZ]9<A61�* T b �£k145�7JGW9u1.7:GW9<BPGI,.5W; kS7JGW9u9r|L/]1.5W9&587:(�,.BC9'5?9&3O7JGW9&BP(C/WGW9&BC36b&,.A�5W14Bsb<Aa,.(C(J36b&,.A�,.5?; 7J>WBJ5§14>?7P7J1lZ29
q.9&BCE�,.b&b<>WB:,U7:9.i�9VK�RWK�7JGW9sb&>?BCqV,V7:>?BJ9s1.^�7:G?9¦b&1g9r|L36(Y7:9<5Wb&9Pb&>?BCq49P3O(-;W9&(Cb&BC36Z29&;!Z8E (�� &?� ³ ?�*+GW36bdG
3O(s5W9D,.BP7:1!7:G?9'9£|?,.b<7jqV,.A6>W9u1.^h(�� &L� ³ �\[ ;L?�[�A�K��e14BJR49',.5?;��0¨.E49 ;c?�?�An,.A6(C1!3658q49<(C7:3OR8,V7J9&;�7JGW9
3O5:I>W9<5Wb&9-1V^W7:GW9H36587:9<B:,.br7:361.5hB:,V5WR49-,V5W;y7:GW9rE�^_1.>W5W;h7JGI,V7	7JGW9-9r\o9<b<7:3Nq49-b<BJ3N7:36b&,.AQ9r|L/2145W9&587J(�,�*H,DE
^_BC14`�7JGW9Pb&BJ3N7:3ObD,.A]/]143O587$q.,VBCE�*+3N7:G[7:GW3O($B:,.5?R49.K

�)5=,.5I,VAOEQ7:3Ob¦(C7J>W;?E[1.^ 7:G?9'4/ wj¡ � b<BJ3O7J36b&,.Ao9£|?/2145W9<587:(@,.5W;!7:GW9s(CbD,.AO365WRuZ29&GI,Dqg3614B$3O5�7:GWBC9&9
;W3O`f9<5W(J3O145W(	*H,.(nR43Oq.9&5'Z8Eu�@¨.E.9 ������798 ;L? � A±K���7�*H,.(n(J9&9<5f7JGI,V7�(C7:,.5W;I,VBJ;'(JbD,VA6365?Rs36(�5W1.7�^_>WANtIA6AO9&; k
ZW>L7@BJ,V7:G?9&B0,'R.9&5W9<B:,.AO36z&9<;l^_1.BJ` 1V^�(Jb&,.A63O5WRWK��v5!7:GW3O(0(Y7:>W;LE[7:GW9'4C/ wP¡ � (J>WZ2b&BC3O7:3ObD,.Ao9r|L/]1.5W9&587:(
^_14B+,y7JGWBJ9<9rmv;?36`'9&5W(C36145I,VAo(CEg(Y7:9&` *e9&BC9�;W9r7:9<BJ`'365W9<;!7J1uZ]9(x� � �4�@& V � � � �f? V ��� +jM��LM�& V }J=WKOM ?4�
*+GW3ObdG�,.BC9�3O5 BC9&`f,.BJcU,.Z?A69§,.R4BC9&9<`f9<5Q7l*+3O7JG~7JGW9 9r|?,.b<7=qV,.A6>W9<( (�� &?� ³ ��[ V � � M4�²�\= V ���&?�NM4M ;c?�[�A±kg;W9&(C/W3O7J9)7:G?9@^�,.br7e7JGI,V7 4/ wj¡ � ;W1g9&(-5W1V7H3O5Wb&14BC/]1.B:,V7J9@BC9&5W14BC`F,VA636z&,V7:3O145uR4BJ1.>W/F3O;W9D,.(<K
w 5[7:GW9P1.7JGW9&B+GI,V5W; kW7:G?9j(C>W/29&BJb<BJ3N7:36b&,.A 9£|?/2145W9<587:(@,.BJ9P(J/?GW9&BC36bD,VAS145W9&(

� ��� V�� �Z? V �§� & V }J=WKOM [8�



� 
���� �����������B��
 � �
(J1!7:GW9u365?;W36b<9&(P,.Z21�q49';W1!5W1.7s^_>WANtIA6A 7:GW9u(C7:,.5W;I,VBJ; (JbD,VA6365?R[BJ9&A6,V7:3O145W(<Kyp$GQ>W(&kG4C/ wP¡ � ^�,.36AO(¦365
,[q.9&BYE§5I,.BJBC1�* BC9&R43O`f9y1V^�� ����� M�& ��� 3O5x7:GW9�qg36b<365W3N7vEX1.^�7JGW9ub&BJ3N7:3ObD,.A /]1.36587¦*+GW3ObdG�3O(s,.A6(C1�7:GW99&BJBC14B¦3O5 T b ^_14B@7JGW9h�v(C365WR�`'1g;W9&A�K)�01�*e9<q.9&B<k 1.>?7:(C36;W9j7:GW3O()BJ9<R4361.5XBJ9<(J>WAN7:()7J>WBJ5X14>?7)7J1�Z29�q49<BCE,.b&b<>WB:,V7J9.K

�0^ 7:9&B¦7JGW9ytIBC(C7j,./W/?A636b&,V7:3O145W(@1.^�7:GW9.4C/ wP¡ � 7J1[Aa,V7C7:36b<9h(YEL(Y7:9<`f(<k©3N7)*H,.(P9r|g7:9<5W;W9&;�(J>WZ?(J9rm
Tg>?9&587:ANE 7:1 b&14587:3O5Q>W>W`�(YEL(Y7:9<`f(<kH7:1g1 ;c?�-gk ?�>?k2[�&?k [?M A�K¤�v5{/W,.BC7J36b&>?Aa,.B<kn3O5 7:GW9!bD,V(J9!*+GW9&5 �
365�9&T¯K�}J=WKNM ³ �@b&,.5�Z]9y*+BC3O7C7:9&5�3O5xb&AO14(J9<;�^_14BJ` ,.(s,F^_>W5?b<7:3O145�1.^ U ��� � *+3N7:GW3O5X7:GW9�b<A614(C>WBJ9hBJ9&A6,Um7:361.5¢}�=WKNM��4�07JGW9�5Q>W`'9&BJ3ObD,.A©(J14AO>?7:3O145x1.^�7JGW9�4C/ wP¡ � 36()(J>WZW(Y7d,.587J3a,.AOAOE=(J36`'/WAO3OtI9<;XA69&,.;W3O5WRF7:1!,	��	� ^_14B ��KPp$GW3O(s36(¦,Vb<7:>W,.A6ANEl7JGW9�bD,V(J9y^_14B)7JGW9�� / � :I>W36;oko*+GW9&BC9�145W9�b&,.5�`F,Vc.9�>W(C9�1.^�7:GW9
9r|g7:9<5W(J3Nq49)(C9&`'3Nmv,.5I,.ANEg7J36bh&54L� (C7J>W;W3O9&(n,Dq.,V36Aa,VZWA69VKG4g1j3N7�36(�5?1.7�(J>WBC/WBJ3O(J3O5WR¦7:GI,U7�7:GW9<4C/ wP¡ ��^_14B
b&14587:3O5Q>W>W` :W>W36;W(HGI,.(-Z29&9<5[(J14ANq49&;!5Q>W`'9&BC36bD,VA6AOEu>?/�7:1y5W1�*~145WANEf^_1.Be7:G?9¦GI,.BC;Lmvb<14BJ9yMrm � >WcU,D*-,
}��0/)M � �';L?�-gk ?@>\A©,.5W;lGI,.BJ;gmvb&1.BJ9h��m � >WcU,D*H,x}�� /$� � � :I>W3O; ;e[ &Lk [?M A±K-p$G?9hR49<5W9&BJ,.A�bD,.(C9hGI,.(+7:1
Z]9P(J1.AOq49<;l^_>?A6AOEF5Q>W`f9<BJ3ObD,.AOAOE4K

�v5 ;L?�-\A 7:G?9y,.b<b&>WBJ,.b<E=1.^�7:G?9 4C/ wP¡ � ,./?/WBJ18,VbdGxBJ9<`F,.3O5W9&;=(J14`'9<*+GW,V7¦>W5?b&A69&,.B);?>W9h7:1'7:GW9
>W5Wb&9<BC7:,.36587vE 1.^H7JGW9f,�qV,.3OAa,.Z?A69h(C36`y>?Aa,V7J36145�BC9&(J>?AO7:(<K��H>L7h3N7s*-,.(h,.A6BC9D,.;LEx(J9<9&5�7JGI,V7P7:G?9'7J14/�1V^
7:GW9lb&1g9r|L36(Y7:9<5Wb&9lb&>WBYq49!*-,V(�:I,V7J7J9&5W3O5WRWknGI,DqL3O5WR�,§(CGI,./29[7:GI,V7'3O(�(J36`'36A6,.BP7:1§7:GW9!145W9!1.^@BJ9&,.A:I>W36;?(&K �v5 7:GW3O(y/I,./29&By7JGW9�b&AO14(J>?BJ9�BC9&Aa,U7:361.5 1.^+9&T¯K0}J=WKOM��4�P*H,.(�>W(C9&; kn36`'/WAOEg3O5WRl7JGI,V7y7JGW9!�04
b&14587:BC36ZW>L7:361.5l7J1��V}��.�-qV,.5?36(JG?9&()1.>?7:(C36;W9P7:GW9jb&1.BJ9.k2(J1'7:GI,U7@7JGW9j7JBJ9&,V7:`'9&587@1.^�7:G?9h� 4lBJ9r^_9&BC9&5Wb<9
(CEg(C7J9&`«b&143O5Wb&3O;W9&(�*+3O7JG'7JGW9 	©9<BJb&>?(Ym � 9rqg36bdcf,./W/WBC1�|L3O`F,V7J36145oK©�@AO7:9<BJ5I,U7:3Oq.9&ANE4k47:G?9&(J9@,.>?7JGW14BC(H,.AO(J1
365Wb<14BJ/214B:,U7:9&;F,h`'14BJ9@,.b&b<>WB:,U7:9¦� 4f7:GW9<14BCE'Z8Ef>W(J3O5WRy, � >?cV,D*H,�7d,V36AI7:GI,U7-36(n5W145Fz&9&BC1�,V7	(§� &
7:1'BJ9&/?BJ1g;W>Wb&9s7JGW9 / 4!9<Tg>W,V7:3O145=1V^	(Y7d,V7J9.K

�v5~(J>WZ?(J9&TQ>W9<587X*e14BJc ;L?�>\A)7:GW9�7:BC9D,V7J`f9<587=1V^�7JGW9§�04 BJ9r^_9&BJ9<5Wb&9 /I,.BY7[*-,V(=3O`f/WBC1�q49&; Z8E
,.;W;W3O5WR@7J1s�.}_�4�S365�}�=WKNM��4� ,@5W1.5Lm�qV,.5W3O(JGW3O5WR)b<14587:BC36ZW>?7J36145������D}��.�S14>?7:(C36;W9n7:GW9eb&14BC9.K��01�*H9rq49&B<k47:GW9g�9&BJAO9<7Ym���9&36()/I,.B:,V`f9r7:9&BC36z&,V7:3O145 ;e[8��A	1.^e�����<}��.�rko*+G?36bdG§36()7JGW9y`'14(C7¦/]14/?>WAa,.B@/I,.BJ,.`f9r7:9<BJ36z&,V7:3O145
^_14By7:GW9l� 4¤(Y7:BJ>?b<7:>?BJ9[^_>W5Wbr7:361.5W(�BJ9</WBJ1g;W>Wb<365WR�*+3O7JG¤GW36R4G¢,.b<b&>WBJ,.b<E (J36`h>WAa,V7J36145�;I,V7d,Lkn3O(�5W1.7
b&1458q49<5W369<587¦^_14B$7:GW9j^_14BJ`h>WAa,V7J36145[1V^	7:G?9y,.5I,VAOEQ7:3Obs/I,.BC7@1.^©7:GW9 4C/ wP¡ �hK¯�v5W(C7J9D,.;=7:GW9P� ,V36(J`f,.5
/I,.B:,V`f9r7:9&BC36z&,V7:3O145'*H,.(->?(J9&;ok?*+GW9&BC9)7:G?9@^_>W5Wbr7:3O145[�����&}_�4��14>?7J(J36;?9@7:G?9¦b&14BC9)3O(H,.(C(J>W`'9&;�7J1yGI,Dq49
,'145?9rm � >?cV,D*H,u^_1.BJ` ]

}��.�y� & ^_14B ��� �
�V}��.�X� ª } H V (©� *©}��.� ® � ���

�
�� ��� ��������
�

^_14B �y� � ? }J=WKNM"�4�
7:GW9j,.`'/WA63N7:>W;?9 � ���$,.5W;[B:,V5WR49P¥����$,.BC9¦;W9<7J9&BC`f3O5W9&;!365[(C>WbdG=,�*H,DE�7:1�BC9&/WBC1L;?>Wb&9 / 4F7:GW9<BJ`'1Vm
;?Eg5I,.`'36b&(<K�p$GW9)BC9D,.(C145F*+G8Ef145W9)bdG?1L14(C9&(n7:GW90� ,.3O(J`f,.5'/I,.B:,V`f9r7:9&BC36z&,V7:3O145'^_1.Bn7JGW9)� 4f/I,.BY7H1V^
7:GW9¦;?36BJ9<b<7Hb&14BCBJ9&A6,V7:3O145f^_>?5Wb<7J36145�3O(-,h/?>WBJ9<AOEu7:9<bdGW5W36b&,.Ao1.5W9.i�7JGW9¦`f,V7:GW9<`F,U7:36b&,.AW^_14BC`y>WAa,U7:361.5'1V^
7:GW9�4/ wj¡ � ^_14B¦,��V}��.�01V^e��m � >WcU,D*H,F^_14BJ` 36(@(C7J36A6A�b<1458q49&5?369&587P(C365Wb<9�,.5I,.ANEQ7:36bj(C7J>W;W3O9&(¦^_14B+7:GW9
bD,.(C9j*+GW9<5x�V}��.�H36(+,�A63O5W9D,VB-b&14`hZW365I,U7:361.5[1.^©7v*e1 � >WcU,�*H,.(';e=�=?k�[ ³ k�?4��A�,.BC9j,�qV,.3OAa,.Z?A69.K



�f� ����7 ���	��
����������
������������������������ �"!#���%$������
p$GW9<(J9)7v*e1y,./?/WBJ18,VbdGW9&(n^_14Bn7JGW9@�04'/W,.BC7�m 7:GW9+7v*H1 � >WcU,�*H,h�V}��.��,.5W;f7JGW90145W9 � >WcU,�*H,y�V}��.�

7JGI,V7nBJ9</WBJ1g;W>Wb<9&(h/ 4'Z29&GI,Dqg3614Bn,V7 (x� &sm *e9&BC90^_14>?5W;f7J1�`f,.c.9+AO3O7J7JA69-;?3O\]9&BJ9<5Wb&9VK��v55;L?�>\A2,VA6(J1j,
5W9r*�(C9<7e1.^o(C36`y>?Aa,V7J36145W(©*-,.(n/29&BC^_1.BJ`'9&;�7:1jbdGW9&bdc�7JGW9<4C/ wP¡ �~BC9&(C>WAO7J(e,V5W;F,VR8,.365�7JGW90,.b&b<>WB:,.brE
1.^	7:GW9j7:GW9<BJ`'1L;?Eg5I,V`f3Ob&(&k¯7:G?9hb&BC3O7J36bD,VA ;W,V7d,f,.5W;X7JGW9hb<1L9£|?3O(C7J9&5Wb<9�b&>WBYq49h*H,.(¦BC9&`f,.BJcU,.ZWAO9.iH7JGW9
b<BJ3O7J36b&,.A 7J9&`'/]9<B:,V7J>WBJ9y,.5W;�;W9<5W(J3N7vEx/WBC9&;W3Ob<7:9<;§ZQE 4C/ wP¡ � ,.R4BC9&9&;x*+3N7:G�(C36`y>WA6,V7:3O145XBC9&(C>WAO7J()7:1
,.Z214>?7$&?KX[ �[K��@5W1.7:G?9&B+,./W/?A636b&,V7:3O145'1.^�7:GW9j��m � >WcU,D*-,hq.9&BJ(C36145!1.^�7JGW934C/ wP¡ ��36(e7:1y7d,Vc.9sZ21.7:G
� >WcU,D*H,[7J9&BC`f(¦7J1[BJ9&/?BJ9&(C9&587j7:GW9�3O5Q7J9&BJ,.b<7J36145 Kjp$GW3O(¦*-,.(j,.br7:>I,VA6AOEl;W1.5W9�365�14BC;W9&B¦7J1[/I,.BJ,.`f9£m
7J9&BJ3Oz&9u,��S9&5W5W,.BJ;��.145W9<(�}����8�<:W>W36;§`'36`'36bdc.9<;�Z8E ,!GW,.BJ;Lm�b&14BC9�7v*H1 � >WcU,D*-,!36587:9<B:,.br7:3O145 ;L[�&\A
,.5?; k]^_>WBY7:GW9<BJ`'14BJ9Vko7:1F3658q49<(C7:3OR8,V7J9h7:GW9h9<\]9&b<7P1V^�b&14`'/]9r7:3O5WRF3O5Q7J9&BJ,.b<7J36145W(@145x7:G?9yA63OTg>?36;Lm±q.,V/]14B
7JB:,.5W(C3O7J36145 ;e[?M�A±K��v5 7:GW9[A6,V7J7J9&By(Y7:>W;?E�7:GW9l��m � >WcU,D*-,X7:,.36An*-,.(u,V(J(J>?`f9<;¤7J1�Z]9!,U7J7:BJ,.b<7J3Oq.9[,V7
(CGW14BC70;W3O(C7:,.5Wb&9P,V5W;=BC9&/W>?A6(J3Nq49j,V7+AO145WRu;W36(Y7d,.5?b&9.K4L3O5Wb&9 BJ9<(J>WAN7:([^_14B[7:GW9§7:G?BJ9&9£mv;W3O`f9<5W(J3O145I,.A)Aa,V7C7:36b<9�R8,.(l,.5W;~7:GW9��0/ � >WcU,�*H, :W>W36;~GI,Dq49
b<145?tIBC`f9<;¢7JGI,V7�7:G?9 4/ wj¡ � BC9&`f,.365W(�G?36R4GWANE ,Vb&b&>?B:,V7J9=9rq49&5{365 7:G?9lb<BJ3N7:36b&,.AHBC9&R43O145 kn3O7y*H,.(
1.^P3O587:9&BC9&(Y7[7:1 ;W9rq49&AO14/�7:G?9 4C/ wP¡ ��^_14B�1.7JGW9&B6:I>W36;�,.5W; Aa,V7C7:3Ob&9lR8,.(�(YEL(Y7:9<`f(l,.5W;�7J1�7:9<(C7
3N7:([R49<5W9&BJ,.AP,.b&b<>WB:,Vb<E~`f1.BJ9�/WBC9&b&3O(J9<AOE 3O5 qV,.BC3614>?([(J3O7J>I,V7J36145W(<K ��14BCc�365 7JGW36(!;W3OBJ9&br7:3O145 GI,.(
Z29&9<5 ;W145W9Viu7JGW9F^_14BC`y>WA6,V7:3O145�1V^$7:GW9 4/ wj¡ ��GI,.(yZ29&9<5 R49&5?9&B:,VA636z<9&;�7J1��'m�;W36`'9&5W(C36145W,.A�,.5W;
b<14587:365Q>W1.>W(P(J/W3O5W(.;L[\=�A±Ku�01�*H9rq49&B<k	(C1l^�,.B)5g>?`f9<BJ36b&,.A�BC9&(J>?AO7:(j,.BC9�5W1.7�,DqV,.36A6,.ZWA69VK��@(j,[^_>?BC7:G?9&B
7J9&(C7P1V^e3N7:(s,Vb&b&>?B:,.brEX7:G?9.4C/ wP¡ � *-,.(sb<14`'/I,.BJ9<;�*+3O7:G�9£|?,.b<7PBC9&(J>?AO7:(¦^_1.B)7:GW9��v(C365WR[`'1g;W9&A©365
145?9�,.5W; 7v*H1�;?36`'9&5W(C36145 ;L[f?LkE[f[\A�K=�v5�7JGW9FA6,V7J7J9&BjbD,.(C9Fb<14`f/W,.BJ3O(J145 *+3O7:G 7:GW9f9r|?,.br7 w 5W(:,.R.9&B
(C14A6>?7J36145�365¤z&9<BJ1 `F,.R.5W9<7J36bFtI9<A6; *+3O7JG 5W9D,VBJ9&(Y7F5?9&36R.GgZ214By3O587:9&BJ,.b<7J36145 *H,.(u`F,V;W9.K � (C/]9<b&36,.A
^_9&,V7:>WBC9h3O5X7:GW3O()b&,.(J9�3O(@7:GW,V7 4C/ wP¡ � ,V()7:GW9 &54L� ;W1g9&()5W1.7¦R.3Oq49h,F7:BC>W9y/WGI,V(J9h7JB:,.5W(C3O7J36145=365
7v*e1§;W36`'9&5W(C36145?(&k�3±K 9.K 7:GW9!(J3O5WR4>WA6,.BJ3N7:3O9&(�,.BJ9[(C`f9&,.BJ9<;{14>L7DK�p$G?36(�;W9rtIb&3O9&5WbrE¤1.^+7:GW9 4C/ wP¡ �
3O(y;W>W9�7J1x7:GW9 w BJ5?(C7:9<365 ¡ 9<BJ5W3Oc.9!,.5W(J,V7:z�*+G?36bdG¤;W1g9&(�5W1.7y365Wb<A6>W;W9�,xA6145WRUmvB:,V5WR49F/W,.BC7�1V^07JGW9
;W3OBJ9<b<7jb&14BCBJ9<Aa,V7J36145�^_>W5Wbr7:3O145 7JGI,V7j*H1.>WA6; Z]9'5W9<b&9&(C(:,.BYE�3O5 7JGW9'b&BJ3N7:3ObD,.A�BC9&R43O145 Kf�)b&b<14BJ;?365WR!7:1
7JGW36(�,V/W/WBJ1D|L36`f,V7J36145�7JGW9!b&BC3O7:3ObD,.Ae9r|L/2145W9&587	� 3O(y^_14>W5W; 7:1§Z29 &�365W(Y7:9D,V;¢1V^@7JGW9!9r|?,.b<7uqV,.AO>W9
1.^
� � &L�#& &�[l3O5�7:G?BJ9&9f;W36`'9&5?(J361.5W(�? 7:GQ>W(�7JGW9FZ29&GW,�qg3O14B�1V^-7:GW9u7:1V7d,.A�b&1.BJBJ9<Aa,V7J36145�^_>W5?b<7:3O145�3O(
;W3O(C7J14BC7J9&;!*+GW36bdGl;W9&b&,DEL(),.(�� }_�4� � ��}_� ��8� �V� � � � `�� ^_14B+��� M4kW*+GW9&BC9 � 36($7:GW9P;W3O`f9<5W(J3O145l,.5W;
�7JGW9=b<14BJBC9&A6,V7:3O145¤A69&5?R.7:G K{�@1�*e9<q.9&BF7JGW36(u;W9rtIb&3O9&5WbrE{3O(u145WAOE b&BJ>?b&3a,VA$365¤7:GW9[qg36b<365W3N7vE 1.^)7JGW9
b<BJ3O7J36b&,.A /21436587DkI*+GW9<BJ9
��}�� ��Q�-3O(0b<145W(Y7d,.587¦BJ,V7:G?9&B+7:GI,.5=9r|L/2145W9&587J3a,.AOAOE[;W9<bD,DEg365WR?Ki�¦9<(J/W3N7:9s7:G?36(
;W9rtIb&3O9&5WbrE4kI,VA6(J1�365F7JGW9)7v*e1Vmv;?36`'9&5W(C36145I,VA2b&,.(J9)5g>?`f9<BJ36b&,.A2BJ9&(C>WAO7J(H*e9&BJ9P,VR8,.365fb&1458qg365?b&365?RWK�p$GW9
7J9&`'/]9<B:,V7J>WBJ9�*+GW9<BJ9f7JGW9'(J/29&b&3NtIb'GW9D,V7�GI,.(�,!`F,U|L3O`y>W`�*H,.(P^_14>W5W;�,.A6`'14(C7P/?BJ9&b<36(C9&AOE�,V7�7JGW9
9£|W,Vb<70b&BC3O7:3ObD,.A]/]1.36587$7:9<`f/29&BJ,V7:>WBC9.K1s1L1g;xBJ9<(J>WAN7:(¦GW,�q.9u,.A6(C1�Z29&9&5§14ZL7d,.3O5W9&;X*+G?9&5§R49&5?9&B:,VA636z<365WR'7:GW9 4C/ wP¡ � 7:1!,�;W3O(J14BC;W9&BC9&;
(YEL(Y7:9<` A636cV9-7:GW9+(C3O7:9$;?36A6>L7:9&;�BJ,.5W;W1.` tI9&AO;u�v(J365?Rj`'1g;W9&A ;e[.� A±kg,.5W;'3O7�GI,.(�BJ9<b&9&587JAOE�Z29&9<5F,./?/WA63O9&;
7J1u7JGW9s(J/?365Lm:Mj`'1g;W9&A ;e[ - A ,.5W;[7:GW9���mv(Y7d,V7J9 	©1.7C7:(+`f1g;W9<A ;L[�>\A±K AI>WBY7:GW9<BJ`'14BJ9P,�ZW3O5I,.BYE�`'3N|g7:>WBC9
`'1L;?9&ASGI,.(+Z29&9<5x(C7J>W;W369<;l*+3N7:GW3O5l7JGW9'4C/ wP¡ � Z8El�hKf�¦3ObdcQ`F,.5=,.5W; 4g7J9&A6A ; ��&\A�i�7:GW9j;W9&b<14B:,U7:9&;



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� ��

`f1g;W9&A�kL7JGI,V7036($3O(J14`'14BJ/?GW36b)7J1�7:GW9PAa,U7J7:3Ob&9¦R4,.($`f1g;W9<A±K
p$GW9@/W>WBC/]14(C9)1.^o7:GW9+*H1.BJcu/WBJ9<(J9<5Q7J9&;!365u7:G?36(nbdGI,./?7J9&BH3O(n7J1h9£|L7J9&5W;f7:GW904C/ wP¡ �~7J1y,�A6,.BJR.9&B

b&Aa,V(J(u1.^@b&14587:3O5Q>W>W` :I>W3O;W(&K A©36BJ(Y7Dk�*e9=GI,Dq.9=R49<5W9&BJ,.A63Oz&9<;¤7JGW9 4C/ wP¡ � 7:1 ,�145W9rm�b&14`'/2145W9&587:I>W36; *+3N7:G¤GI,.BC;Lmvb<14BJ9[`y>?AO7:3 m � >WcU,D*H,X36587:9<B:,.br7:3O145 K p$GW9[7:GW9<14BJ9r7:36b&,.AH^_14BC`y>WA6,V7:3O145�3O(�R43Oq.9&5¤365
(J9&br7:3O145�=WK �gKOM4K©p$GW9+,.;?qV,.587:,.R49-1.^¯7JGW36(�R.9&5W9<B:,.AO36zD,U7:361.5h36(©7:GW9$14/?/]14BY7:>W5?3O7vEj7:GI,V7�(J9<q.9&BJ,.AIBJ9&,.A63O(C7:3Ob
36587:9<B:,.br7:361.5W(	b&,.5�Z]9-,./W/WBC1�|L3O`F,V7J9&;hq.9&BYE�,.b<b&>WBJ,V7:9<AOE�ZQEy,)A63O5W9D,VB©b<14`yZW3O5I,V7:3O145h1V^ � >WcU,�*H,)7d,V36A6(<k
A636cV907JGW9 � ��/21.7J9&587:36,.AI14B�7:GW9@(JGW14BY7HBJ,.5WR49<; 1s36BJ3N^�,.A6b<1¦/21.7:9<5Q7J3a,.AI7JGI,V7e;W9&(Cb&BJ3OZ]9<(e7JGW9)3O5Q7J9&BJ,.b<7J36145
Z]9r7v*H9<9&5 /����'`'14A69<b&>WAO9&(&K �+9&(C>WAO7J(y^_14Bh7:G?9���� :I>?36;¤,.BC9[/WBJ9<(J9&587J9&;¢365 (J9<b<7J36145 =WK²�LK²�x,.5W; ^_14B
^_>WA6AO9&BJ9<5W9&(H365[(J9<b<7J36145 =WK²�LK ³ K���9¦GI,Dq49s^_>WBY7:GW9<B-;W36(Cb&1�q49<BJ9<;l7JGW9s9r|L36(Y7:9<5Wb&9P1.^�7v*e1�b&BJ3N7:3ObD,.A2/]1.36587:(
365y,0GI,.BC;Lmvb<14BJ9 � >WcU,D*-,<:W>W36;P*+GW14(C9-36587:9<B:,.br7:3O145�BJ,.5WR49n36(�;W9<5W(J3N7vE8mv;W9</]9<5W;W9&587�?g7JGW9&(C9HBJ9<(J>WAN7:(	,.BJ9
(J>W`'`F,VBJ36z<9&;�365h(C9&br7:361.5 =WK²�LKc=?K AI>WBC7JGW9&B�7:G?9 4C/ wP¡ �{*H,.(	R.9&5W9<B:,.AO36z&9<;h7:107:GW9eZW365W,.BCEj(CEg`'`f9r7:BC36b
`f3 |L7J>WBJ9VK

����� ��������� �4�'��� � ���! "�«�$# %��'���s����&('D"�%D 

�v5 14>WBF3O58q49&(Y7:3OR8,V7:3O145W(u*H9XGI,Dq49xbdGW1.(J9&5 7JGW9Xq49<BJ(C36145�1V^s7:GW954C/ wP¡ ��/WBC14/]1.(J9&; BC9&b<9&587:ANE Z8E	�3O5W3 ��� ��798 ;c?�>�A�R43Oq.9&5§Z8E�7:GW9�b<A614(C>WBJ9�BC9&A6,V7:3O145�9&T¯Kn}�=?KOM"�.�rK
AI14B¦7JGW9�36587J9&B:,Vb<7:3O145�Z29<7v*e9&9&5 7:GW9
/I,.BC7J36b<A69&($7JGW9&(C9�,.>?7JGW14BJ(0GI,Dq49�bdGW14(C9&5�,'GI,.BJ;gmvb&1.BJ9 � >WcU,�*H,�}��0/ � �$/I,.3OB+/]1.7J9&587:36,.A *+GW3ObdGxGI,.(
Z]9<9&5�1.^ 36587:9<BJ9&(Y7-3O5f7:G?9@A6,.(C7nE49&,.BJ(0; >?k�=.> A];?>W9@7J1h(J9rq49<B:,.A]BJ9D,V(J145W(<i*) � ��� kQ^_14B�7:GW3O(e(C36`'/WA69+`'1L;W9<A
145W9yGI,V(¦,DqV,.36A6,.ZWA69P(C9&`'3Nm ,V5I,.AOEQ7J36b¦7:G?9&14BC369&( ;e=Q�Qk �gM4k =�=Wk [ ³ k)?.�gko�\=�A�K)p$GQ>W(¦7:G?9�^_14BC`y>WAa,U7:361.5l1V^
7:GW9�& 4L�hk¯7:GW9 1 & 4L� ,.5?;X7:GW9 4C/ wP¡ � 3O()/I,.BY7:3Ob&>WA6,.BJANE�(J3O`f/?A63OtW9&;!^_14B07JGW9�� / � :I>W3O; K0p$GW36(
36()5?1.7¦7:G?9hbD,V(J9y^_14B@1.7:GW9<B)/I,V36B0/]1.7J9&587:36,.A6(@A63Oc.9P7:GW9y(CTQ>I,.BJ9y*e9&AOAE:W>W36;X*+G?9&BJ9y7JGW9y(C14A6>?7J36145=GI,.(
7:1 Z]9l14Z?7:,.365W9<;¢^_>?A6AOE�5Q>W`f9<BJ3ObD,.AOAOE4K ��� � ��
 � k�7:G?36(u(J3O`f/WAO9[/]1V7:9&587J3a,.A-b<14`'/WBJ3O(J9&(u7:G?9!7v*e1�cV9<E
^_9D,V7J>WBJ9<(¦7:GI,V7)`f3O`f3Obj,�`f14BC9hBC9D,.AO36(C7J36bP/21.7:9<5Q7J3a,.A�i0,FGW36R.GWAOE!BC9&/W>WAO(J3Nq49�b&1.BJ9�,.5?;�,.5§,V7C7:B:,Vb<7:3Nq49
7d,.3OA±K�p$GW9-A6,V7J7J9&B 36( BJ9&TQ>W3OBJ9<;h7:1@14ZW(J9<BCq.9-tIBJ(Y7�14BC;W9&B©A636TQ>W3O;LmvR4,.(S/WGI,.(C9H7:BJ,.5W(C3O7:3O145W( ,.5W;hA636TQ>W3O;LmvR4,.(
b&BJ3N7:3ObD,.AO3O7vE4K,+ $���� � kI7JGW9�/21.7J9&587:36,.A�/I,.B:,V`f9r7:9&BC(@b&,.5xZ29hbdGW1.(J9&5�(C1�,.(07:1f/WBJ1�qg36;W9j`'14BJ9jBJ9&,.A63O(C7:3Ob
/]1.7J9&587:36,.A6()A636cV9y,�(C14AOq.9&587Cmv,�q.9&BJ,.R49&; 36587J9&B:,Vb<7:3O145x/21.7:9<587:3a,VA	Z29<7v*e9&9&5 /214AOE8mv9<A69<b<7:BC36b�14B¦b&1.A6A61.36;I,.A
/I,.BC7J36b<A69&(<K AI>WBY7:GW9<BJ`'14BJ9VkU7JGW9-� / � /21.7J9&587:36,.AQb&14`'/WBJ3O(J9<(©,V(	(J/29&b<3a,.AQAO36`'3O7:3O5WRHb&,.(J9<(©7JGW9-,.;?GW9&(C3Oq49
�04�(CEg(C7J9&` ; � ��A } *+GW9&5'7:GW9 � >WcU,D*-,s7d,V36A?3O(�365?tW5W3O7J9&AOE�;W9<9&/f,.5W;u7:GW9$(Cb&BJ9<9&5W3O5WRjA69&5?R.7:Gu365LtI5W3O7J9&ANE
Aa,.BCR49��-,.5?;=bdGI,VBJR49<;X� 4L(�}_*+GW9<5=7:G?9j(Cb&BC9&9&5?365WR'A69<5WR.7:Gl¥u36(+(J9r7+7:1 &8�rK

�01�*e9<q.9&B<k 7JGW9u�0/ � /21.7:9<587:3a,VA ^�,.3OA6(07:1[`'36`'36bjBJ9D,VA636(Y7:3Ob�3O5Q7J9&BJ,.b<7J36145W(<ko7:G?9�(C7:BC9&5WRV7:G§1.^�7:GW9
,V7J7JB:,.br7:3Oq.9)7d,V36A2Z]9<365WRyA6,.BJR.9&(C7-,V7H7JGW9¦3O5?tI5W3N7:9&ANE'GW36R4GFGI,.BJ;gmvb&1.BJ9)BC9&/W>?A6(J3O145 K�p$GW9 ���y3O5Q7J9&BJ,.b<7J36145
145X7:G?9y1.7:G?9&B)GW,.5W;xBC9&/WBC9&(J9<587:(P,F(C`f1g1.7:G?9&B&k¯`'14BJ9�BJ9&,.A63O(C7:3ObP/]1.7J9&587:36,.A±kIZ?>?7s36(0A69<(J(@b&1458q49<5W369<587
^_14B�7:GW9l(C7J>W;?E¢Z8E 7:GW9 4C/ wP¡ � 7JGI,.5¢36(�7:G?9X� / � :I>?36; K Y@9<q.9&BY7:GW9<A69&(C(F145?9=b&,.5 BC9<7d,V365 7:GW9
`F,V7JGW9&`f,V7J36bD,VA©b<1458q49&5?369&5?b&9&(j1.^�7:G?9u�0/ � :I>W3O;�*+GW36AO9h(C7J>W;?Eg365?R=,[`'14BJ9�BJ9&,.A63O(C7:3Obh3O5Q7J9&BJ,.b<7J36145



��� ����7 ���	��
����������
������������������������ �"!#���%$������
Z8E�`F,.cQ3O5WRX>W(C9[1.^$7:G?9f^�,.br7y7:GI,U7h7:G?9 � �=7d,.3OAe`f,DE�Z29Fq.9&BCE�*H9<A6Ae,./W/WBC1D|?3O`F,U7:9&;�ZQE ,XA63O5W9D,VB
b<14`yZW3O5I,V7:3O145§1.^-7v*e1 }_14B�`'14BC9�� � >WcU,�*H,=7:,.36AO(.;5�4� A±K[��^$7JGW9fGW,.BJ;Lm�(J/WG?9&BJ9FBJ9<^_9<BJ9<5Wb&9f(CEg(C7J9&` 3O(
7JBJ9D,U7:9&;!3O5!7JGW9¦��,.36(C`F,.5!,V/W/WBJ1D|L36`f,V7J36145�Z8E!,V5X,.;?;W3O7J36145I,VA � >WcU,D*H,u7:,.36Ao,.($365!9&T¯K }J=WKOM��4�n7:G?36(
BC9&TQ>W36BC9&(H7JGW9s(J1.A6>?7J36145f1.^S7:GW9 wP¡ 9<Tg>W,V7:3O145�*+3O7JG[,y;W36BC9&br7$b&14BCBJ9<Aa,V7J36145'^_>W5Wb<7J36145��.}_�4��1.^©,�7:GWBC9&9
}_14B$`f1.BJ9�� � >?cV,D*H,u^_1.BJ` 1.>?7:(C36;W9s7:G?9jb<14BJ9VK

p$GW9 wP¡ 9&TQ>I,V7J36145¢,.AO145WRX*+3N7:G 7:G?9 & 4L� b&AO14(J>WBC9 }�3�K�9VKOk�7:G?9[b&14BC9[b&145W;?3O7:3O145 ^_14Bh7JGW9[/I,.3OB
;W3O(C7JBJ36Z?>?7:3O145'^_>?5Wb<7J36145F,.5W;[,h;?36BJ9<b<7eb&14BCBJ9<Aa,V7J36145'^_>W5Wb<7J36145'7:GI,U7-36(n1.^ � >?cV,D*H,h^_14BJ` 14>L7:(J3O;W9@7JGW9
b<14BJ9D�sGW,.(�Z29&9<5�(C14AOq.9&;�(J9&`'3Nmv,.5I,.ANEQ7:36b&,.A6ANE[qg3a,[7v*H1l;W3O\]9&BC9&587h,./W/WBC18,.bdGW9<(&Kf��,.3O(J`f,.5 ;e=Q� A�GI,.(
>W(C9&;X7JGW9j(J1Fb&,.A6AO9&; ��,./WA6,.b&9s7:BJ,.5W(Y^_14BJ`�7J9&bdGW5W3OTQ>W9 ; � ³ A�K$�@3O(+(J14AO>?7:3O145[^_14B),u145W9£m � >WcU,D*H,'^_14BC`
1.^��.}_�4�-*H,.(@(C36`'/WA63NtI9&;!3O5X(J>?ZW(J9<Tg>?9&587s*H1.BJc ; �LM�A©,.5W;=R49&5W9<B:,.AO36z<9&;=7J1'7JGW9hb&,.(J9P*+GW9<5§�.}_�4�-36(0,
AO365W9&,.B¦b&1.`yZW365W,V7:3O145�1.^n7v*H1 � >WcU,�*H,.(jZ8E �@¨.E.9F,.5?; 4g7J9&AOA ;e=�=Wk [ ³ kE?4� A±K'p$GW9'1.7:G?9&Bj,./W/WBC18,.bdG
*H,.(�3O5Q7JBJ1g;W>Wb<9&; Z8E��0¨.E49x,.5W; �HAO>W` ;��\=�A±K ��7!,./W/WAO369<(F,�`'9<7JGW1g;�1.^ �-,U|g7J9&B ; �\=\A@*+GW36bdG 3O(
ZI,V(J9&;f145u7:GW9+� 369<5W9&B m �@1./?^]^�,Vb<7:1.BJ36z&,V7:3O145�1.^]7:GW9 AI14>WBJ3O9&B�7JB:,.5W(Y^_14BJ`'(�1.^27:GW90;W36BC9&br7eb<14BJBC9&A6,V7:3O145
^_>W5?b<7:3O145W(nZ8EF3O5Q7JBJ1g;W>Wb<365WRj(J1yb&,.A6AO9&;'^�,.b<7J14Bn^_>?5Wb<7J36145W(<K��v5F7:G?36(e,./W/WBC18,.bdGF7JGW9)R49<5W9&BJ,.A63OzD,V7J36145'1.^
7JGW9u(J14AO>?7:3O145�^_BJ14` ,!145W9£m � >WcU,D*H,!7:,.36A	7J1l7JGW9'`y>WAO7J3Nm � >WcU,�*H,F^_14BC` 1.^n7:GW9';W36BC9&br7�b<14BJBC9&A6,V7:3O145
^_>W5?b<7:3O145[36(H(C7:BJ,.36R.GQ7C^_14BC*H,.BC;!,.5W;!b&145?(J36;?9&B:,VZWAOEF9D,.(C369&Be7:GI,.5[^_14Be7:GW9���,./WA6,.b&9@7:B:,V5W(C^_14BC` BC14>?7:9VK

� GW3OA69h7JGW9y^_14BJ`h>WAa,V7J36145=1.^n7:GW9.4C/ wP¡ � ^_14B¦,!1.5W9rm � >WcU,�*H, :I>W36;�/?BJ9&(C9&587:9<;�3O5 ;L?�-gk ?�>\A�3O(
ZI,V(J9&;§145x7JGW9ytIBC(C7j,./W/?BJ18,.bdGok *H9y^_14>?5W;�3O7s`'14BC9hb&1.5Qq.9&5W3O9&587j7:1[>W(C9y7:GW9�A6,V7J7J9&B¦,V/W/WBJ14,.bdG�^_14B
7JGW9�b&,.(J9j*+GW9&5x7JGW9j36587:9<B:,.br7:361.5=/21.7:9<587:3a,VA 3O(),'A63O5W9D,.B$b<14`yZW3O5I,V7J36145!1.^�7JGWBJ9<9h14B0`'14BJ9 � >WcU,D*-,
7:,.36AO(&K �v5F7:GW9<36Bn,.5I,VAOEg(J3O(H�0¨.E49),.5W;��eA6>W` BC9<^_14BC`y>WAa,U7:9&;u7:G?9)/WBC14ZWA69<` ,.(e,�(CEg(Y7:9&`«1.^S5?145WA63O5W9D,VB
9<Tg>W,V7:3O145W(+^_14B$7:GW9�b&1g9 �'b&3O9&587:(@1.^	7JGW9�^�,.br7:14B$^_>W5?b<7:3O145W(<K A¯1.B+7JGW9h`'14(Y7@R.9&5W9<B:,.A�bD,V(J9h1V^�`y>WAN7:3Nm
b<14`f/2145W9<587Dkg`y>WAO7J3Nm � >WcU,�*H,0:I>W3O;F`'3N|g7:>WBC9&(��)BCBJ3O9<7d, ��� ��798 ; �f?�A2GI,Dq.9¦bD,.(Y7e7JGW9&(C9¦9&TQ>I,U7:361.5W(e3O587:1
,�^_14BC`�(J>?3O7d,VZWA69�,V5W;�`'14BC9�b&1458q49<5W369<587�^_14Bs5Q>W`'9&BC36b&,.A�bD,VA6b&>?Aa,V7J36145W(),.5W; /WBJ1�qg36;?9&; ,lR.9&5W9<B:,.A�k
;W3OBJ9<b<7f(J14AO>?7:3O145 ,VA6R414BC3O7JGW`=K{��9=BJ9<^_9<Bf7J1�7:G?9X9r|L/WBC9&(C(J361.5W(�/WBC9&(J9<587:9&; 3O5{7:G?9&36B'b&1.5Q7JBJ3OZW>?7:3O145
}_14`f3N7J7J365WR[3O5�7:G?9�(J>WZ?(J9&br7DK�=WK �gKOM'7:GW9�A6,V7:3O5§365W;W3Ob&9<(h365 7:GW9'^_14BJ`h>WAa,.(s*+GW3ObdG ;W9&5?1.7:9'7:GW9fb&14`�m
/2145W9<5Q7J(¦1.^n,F`h>WAO7J3Nmvb<14`'/]145?9&587+`f3 |g7:>WBC9�� ?o,V7)7JGW9yZ29&R43O5W5W3O5WRf*e9yZWBC369 :?EX(C>W`f`f,.BC36z&9j,.5W,.AOEQ7:3Ob
BC9&(J>?AO7:(+BC9&A69rqV,.587$^_14B$14>WB$^_14BC`y>WAa,U7:361.5F1.^ 7:GW9 4C/ wP¡ ��K
�������	� 
�������������������������� �!#"$ �!%��'&
AI14AOA61�*+365WR �H,U|g7:9&B1�( ^�,.b<7J14BJ3OzD,V7J36145P`'9<7JGW1L;j3O7 b&,.5hZ29H(CGW1�*+5h7:GI,U7	>W5?;W9&B©b&9&BY7d,.3O5�b<145W;W3N7:3O145W(	;5�\[\A
7JGW9 wj¡ BJ9<Aa,V7J36145F36($9&TQ>W3NqV,.A69<5Q7+7J1u7JGW9P9&TQ>I,V7J36145?(

�)(S�.�V}��.��� +�*�+�}��.� ® H-,/.� *f} �C�0*�+�}_� ® �C� � � }J=WKOM -8�
�1( � ��}��.��� +�*�+�}��.� ® �1( H , .� }��0+ �C� ��} � �0+ ��� �	*F}��C� � � V



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� ���
*+GW9&BC9H7:GW9n^�,.b<7J14B©^_>?5Wb<7J36145 *F}_�4�SGI,.(©Z]9<9&5�36587JBJ1g;W>Wb&9<; K AIBC14` 9&TQ(&KW}�=WKNM�-8��,.5W;j^_BJ14` 7JGW9Hb<A614(C>WBJ9
BJ9&A6,V7:3O145

��}_�4��� +�M �d���
�V}��.� �������� ¬�	� �

�
���
>��������
�

�h��� V }J=WKNM�>8�
3O7$^_14AOA61�*+(H7:GW,V7�*F}_�4�H`y>?(C70GI,Dq49P7:GW9s^_14BC`

*f}��.��� * � }��.� ® ����� ¬
M
¥ � � � �V�g� 
 ���J�g�<� V }J=WK²��&8�

*+GW9&BC9
* � }��.�n� 89 :� � }_�0+ ��� � ®�� }_�0+ ��� ® ������ ¬ ¬� 
�� ��� � �g� 
 �²�C�g�&� +�M�� & �{� � �& � ��� V }J=WK²�LM��

*+3O7:G!E49r70>W5W;W9r7:9&BC`f3O5W9&;lb&1g9 �'b<369&587J(�� V � V � � ,.5?; � � K
w 5W9s^_>WBY7:GW9<B03O587:BJ1g;W>Wb<9&($7:G?9jTQ>I,V5Q7J3O7J369&(

� � � ¥ ���
]
}�¥ � � �D� 
 � � ¥ � ,/.

�
� �V�g� 
 ���J�g�<�

]
}��.� � � V }J=WK²�4�4�

*+GW9&BC9 �
]
}�¥8� ;W9&5W1V7:9&(�7:G?9 ��,./?Aa,.b<9	7:BJ,.5W(C^_1.BJ`�1.^L�

]
}_�4�£KS�v5W(J9<BC7J365WR+7:GW9�^_1.BJ` 1V^'*f}��.�o365P9&TQ(<K?}J=WKNM�-8�

,.5W;!>W(J3O5WRy7:G?9sb&A61.(J>WBC9¦BJ9<Aa,V7J36145§}J=WKNM�>8�n/29&BC`f3N7:(H7J1�9r|L/WBC9&(J($7JGW9s>W5WcQ5W1�*+5!q.,VBJ3a,VZWA69<(�� V � V � � ,.(^_>W5Wb<7J36145?(�1.^�� � ,.5W; � � ,V5W;�7:1 ;?9&BJ3Nq49�, (YEg(C7:9<` 1.^�����5W145WAO365W9&,.B'9&TQ>I,V7J36145W(f^_14Bf7JGW9§� �
>W5WcQ5W1�*+5W( � � ,.5W; � �

��! � ¬ ª � ¬ �! � � ! � ! � � ® ��! � ¬ ª � � �! � � ! � � ® ª � � �� � � ® ª �#"Y�� � & $'� M V �&�D� V � }J=WK²� ³ �
��! � ¬�% � ¬ �! � � ! � ! � � ® ��! � ¬�% � � �! � � ! � !
®

��! � ¬&% � � �! � � ! � � ® ��! � ¬'% �("Y�! � � ! ® % �() �� � � ® % �
�
�� � & $'� M V �&�D� V � V }J=WK²�\=Q�

*+GW9&BC9
ª �#"Y�� � �1( 	� � V }J=WK²�f?4�

*+GW36AO9f7:G?9�BJ9<`F,.3O5W365?R=b<1L9��fb<369<5Q7J( ª �+*<� ,V5W; % �+*<� ,.BC9f7J9&`'/]9<B:,V7J>WBJ9f365W;W9</]9<5W;W9<5Q7&K�p$GW9&3OBy9r|Qm/WA63Ob&3O709£|?/?BJ9&(C(J3O145W(P,.BC9hR43Nq49&5X365x�@/W/]9<5W;W3 |X� 1.^<; �f?�A�K)p$GW9rEx,.BC9hb&,.A6b<>WAa,V7J9&;X^_BC14`�7:G?9y(CEg(C7J9&`
/I,.B:,V`f9r7:9&BC( H V ¥ � k¯,.5?;=��K

p$GW9@3658q49<BJ(C9¦BJ9<;W>Wb&9<;[36(C1.7:GW9<BJ`f,.A¯b&14`'/WBC9&(J(C36ZW3OA63N7vEybD,VA6b&>?Aa,V7J9&;fqg36,j7:G?9<:I>Wbr7:>I,U7:361.5f7:G?9&14BC9&`
36($^_14>W5W;[7J1'Z29 MU ��� � � M + H-,�V} Q � &8���/. �

�)(�0 � V }J=WK²��[8�



� � ����7 ���	��
����������
������������������������ �"!#���%$������
*+GW9<BJ9 ,�.} Q �¦;W9&5W1V7:9&(�7:GW9 AI14>WBJ3O9&B¦7JB:,.5W(Y^_14BJ` 1V^+�.}_�4�£KFp$GW9f9r|L/WBC9&(J(C36145�^_14B �x3O5 7J9&BC`f(P1.^-7JGW9
TQ>I,.587J3O7:3O9&( � � ,.5W; � � 3O($14Z?7:,.365W9<;[^_BJ14`

�h� ª � } M ® � ��+ =
� � %

��� }J=WK ���4�
*+3N7:G

� � + ��! � ¬
M
¥ �! H�� � �  �! � ! ® }YM + � �  �! � �g���J� � � !	�

� � ��! � ¬
M
¥ �! H ��
 �  �! � ! ® }YM + 
 �  �! �V�g� � � � � ! �

� ! � �)(
¥ �! H � ! � ! V }J=WK �@-8�

*+GW9<BJ9P7:GW9jTQ>I,.587:3N7:3O9&( � �  �! V 
 �  �! V ª � ,.5?; %
� ,.BJ9j,.R8,V365!bD,.AOb&>WA6,V7:9<;l^_BC14` H V ¥ � ,.5W;l� ,V5W;X,VBJ9b<14`f/?36A69<;[365[�@/W/]9<5W;W3 |!� 1.^ ; �f?�A�K

p$GW9'(J9<b&145W;�(CEg(C7J9&` 1.^H9&TQ>I,V7J36145W(f}J=WK ��=Q�¦36(sA63O5W9D,VBs365��� } � ¬ V �D�&� V � � �@^_14BPR43Oq.9&5�� �
} � ¬ V �D�D� V � � �$,.5W;lbD,.5!Z29PBJ9<*+BC3O7C7:9&5=,.( ��! � ¬�� � ! � ! � * � }J=WK �@>8�
*+3N7:G

�
� ! } H V �l��� % � ¬ �! � � ! � � ® % � � �! � � ! ® % � � �! � � � ® % �#"Y�! � }J=WK ³ &8�

,.5?; * � } H V �!�n� + % �() �� � � + % �
�
�� � }J=WK ³ M��4L1.A6>?7J36145 1.^)7:GW3O('(YEg(C7:9<` 1.^ �~A63O5W9D,.B�9<TQ>I,V7:3O145W(uEg369&AO;W(�� } H V �!�rK�p$GW3O(uBJ9&(C>WAO7fbD,V5{7:G?9&5 Z29

3O5W(J9<BC7:9<;=3O587:1=}�=WK²� ³ ��*+GW36bdGlZ]9<b&14`'9&(0,u(J9r7@1V^ �§b&1.>W/WA69<;=5?145WA63O5W9D,VB-9&TQ>I,V7J36145?(03O5�7:GW9��xK
��9�5W1�* b<145W(C36;W9<BP, :I>W36;X1.^n/I,.BC7J36b<A69&(@36587:9<B:,.br7:3O5WRFqg3a,[,�(C/WGW9&BC36b&,.A6ANE=(YEg`f`'9<7JBJ36b�/I,.3OB)/21Vm

7J9&587:36,.A *	}_�4�HR.3Oq49<5!ZQE *	}_�4��� 89 : ® * ����M
� }��.���y��M V }J=WK ³ �4�

*+GW9<BJ9j7:GW9jGI,.BC;Lmv(C/WGW9&BC9�;?3a,.`'9<7J9&B+��GI,V(@Z29&9<5X(J9r7@7J1F>W5?3O7vEl,.5W;!7:G?9h,V7C7:BJ,.b<7J3Oq49P7d,V36A � }_�4�1� &
3O($R43Oq.9&5!Z8El,uAO365W9&,.B-b<14`yZW3O5I,V7:3O145[1.^ � >WcU,D*-,�7d,.3OA6(

� }��.��� +�� ����� � � � � �g� 
 ���J� ¬ �� � }J=WK ³.³ �
��9f9<5?^_14BCb&9'b&145W(C36(Y7:9&5?b<E Z]9r7v*H9<9&5�7JGW9'b&14`'/WBJ9<(J(C36ZW3OA63O7vEx,.5W;�9&5W9<BJR.E§BC14>?7:9u7:1!7:G?9'7JGW9&BC`f1g;?E8m
5I,V`f3Ob0/?BJ14/29&BY7:369<(&K�p$G?9¦BJ9<;W>Wb&9<;[36(C1.7:GW9<BJ`f,.AIb&1.`f/WBC9&(C(J36Z?36A63N7vEyqg3a,s7:GW9@b&14`'/WBC9&(J(C36ZW3OA63N7vE�BJ14>L7:9)3O(



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� �7�
R43Oq.9&5uZ8E!}�=?K ��[4�rK w 5y7JGW9$1.7:G?9&B�GI,.5?;u7JGW9-9£|?b<9&(C(¦}_1�q.9&B�36;?9D,.Aa��3O5Q7J9&BC5I,.AW9<5W9&BCR.Ey/29&B�>W5?3O7	q.14A6>?`f9
bD,.AOb&>WA6,V7:9<;!qg36,�7JGW9P36587:9<BJ5I,VA 9&5W9<BJR.E!BC14>?7J9j3O(-^_14>W5W;[7J1fZ29

�
����
� � � �)( H � , .¬ � �V� � � }_�4�

]
}��.� }J=WK ³ =Q�

� +)�1( H � � ����� � � �
� �
¥ � �

�H1.7:G U ��� � ,V5W; � ,VBJ9[BJ9<Aa,V7J9&;�7J1x7:GW9!�09&AO`fGW1.AO7:z'^_BJ9<9�9&5W9<BJR.E ;W9&5W(C3O7vE��F � � � ��� � ® �
���
k

*+GW9&BC9
� � � ,.5W;,�
���
,.BJ9s7:G?9j3O;W9D,VAS,.5W;l9r|Lb&9<(J(@/I,.BC7J(+1.^©7JGW9s^_BJ9<9j9<5W9&BCR.E[;W9<5W(J3N7vE4Knp$GQ>W(H N�� �N H � � H N �N H � N�( �

���N�( � NN�( M H N�(
	
���N H O � NN�( M MU � � � O V }J=WK ³ ?4�

*+GW9&BC9�	
���
�� � ������ 36(j7:GW9f9r|Lb&9<(J(ubdGW9<`f3ObD,.An/]1V7:9&587J3a,.A�K=�v5 R.9&5W9<B:,.Ae9&T¯K$}J=WK ³ ?4�P3O(h5W1V7h^_>WANtIA6AO9&;

^_14B�,./?/WBJ1D|L36`f,V7:9
]
}��.�',.(F14Z?7d,V365W9<; k-^_14BF3O5W(C7:,.5Wb<9.k+Z8E b<1458q49&587J36145I,VA¦36587:9<R4B:,VA@9<Tg>W,V7:3O145 ,.5W;

/]9<BC7:>?BJZI,V7J36145[7JGW9&14BC369<(';>=�A�K��v5l7JGW9j,./W/WBC18,.bdGlb&145?(J36;?9&BJ9<;XGW9<BJ9s7:G?36($b&1.5W(J3O(C7:9<5Wb<E!3O(+9&5?^_14BCb&9<; K
p$GW9 wP¡ 9&TQ>I,V7J36145l7:14R.9<7:G?9&B+*+3O7:Gl7:GW9j7:GW9<BJ`'1L;LEL5W,.`f3ObPb&145W(C36(Y7:9&5?b<E=BJ9&A6,V7:3O145l9&T¯K�}J=WK ³ ?4�-36(

(J>W/W/?A69&`'9&587J9&;=*+3N7:G[7:G?9P^_1.A6A61�*+3O5WRyb&AO14(J>?BJ9PBJ9<Aa,V7J36145]
}��.�y� & ^_1.B ����M
�V}��.�X�������<}��.� ® � } H V (	� � }_�4�j^_1.B �y��M V }J=WK ³ [8�

*+GW9&BC9 � } H V (©�s36(�,=^_>W5Wbr7:361.5�1.^$7JGW9f7JGW9&BC`f1g;?Eg5I,.`'36b'(C7:,V7:9VK=p$GW9Fb&A61.(J>WBC9FBJ9<(J9<`yZWA69<(h7:1l7:GW9145W9s>W(C9&;l365�7:G?9�� w 1s��� w � 	]� *+G?9&BJ9 � } H V (©��� +<( 36(-tL|?9<; Kn�@9<BJ9.k � } H V (©�e36(H5W1.7$R43Nq49<5=,/WBJ3O14BJ3 Z?>?7036($;W9r7:9&BC`f3O5W9&;l(J1u7:GW,V7$7:GW9<BJ`'1L;LEL5W,.`f3Obs(J9<AO^amvb<145W(C36(C7J9&5WbrE[36($1.Z?7d,.3O5W9&;lZ29<7v*e9&9&5l7:GW9
b&14`'/WBJ9<(J(C36ZW3OA63O7vEy,.5W;'7:GW9+9&5?9&BJRVEfBC14>?7J9.K �0(J365?Rj7JGW9@(C9&`'3Nmv,.5I,.ANEg7J36bH^_1.BJ`f,.A63O(J` }�14>?7JA63O5W9&;',.Z21�q49��
7:GW3O(0b<145W(C36(C7J9&5WbrE!BJ9<Tg>?36BJ9<`f9<587@AO9D,.;?(-7:1', 	��	�{^_1.B � K�p$G?36(-*+36AOA Z29s(JGW1�*+5X3O5[7:GW9s^_14AOA61�*+365WR?K

AI14B `f,V7JGW9&`f,V7:3ObD,.AUb&1.5Qq.9&5W3O9&5Wb<9&( *H9�bdGW1g14(J9�7JGW9�� ,.3O(J`f,.5s/I,.BJ,.`'9<7:9<BJ3OzD,V7J361450^_14B������&}��.��;>=Q�Lk�LM�Ao*+G?36bdG!9&5W(C>WBJ9<(0,yGW36R4G?AOE'(J9<AO^amvb<145W(C36(C7J9&587$;W9<(Jb<BJ36/L7:361.5[1.^�7:GW9¦7JGW9&BC`f1g;?Eg5I,.`'36b0/WBJ1./]9<BC7:3O9&(-1V^
7:GW9j�04[/I,.BY7DK���70,.(C(J>W`'9&(@, � >WcU,�*H,�^_14BJ` ^_1.B+�����<}��.�H14>?7J(J36;?9P7JGW9PGI,.BC;Lmvb<14BJ9

�����&}_�4��� � ¬ } H � � �g�  � � � ���J� ¬ �� ^_14B �y� M }J=WK ³ �4�
*+GW9&BC9 � ¬ } H �©,.5W;u¥ ¬ } H �©,.BJ9-cQ5W1�*+5u^_>W5Wbr7:361.5W(�1.^I7JGW9$;W9&5?(J3O7vE[}�(C9&9$�)/?/]9<5W;W3N|y��1.^�;L?�>\Aa�rK©p$GW9&(C9
9r|L/WBJ9<(J(C36145W(+R4>W,.B:,.587J9&9¦7:GW,V7-Z21.7:G[b<14`'/WBJ9<(J(J3OZW36AO3O7vE',.5?;�qL3OBJ36,.A]BC14>?7J9)Eg369&AO;F7:G?9 / 4�9&TQ>I,V7J36145�1V^
(C7d,U7:96;e= ³ AS^_14B+�042K �@(J3O5WRu9&TQ(&K©}J=WK ³.³ kC=WK ³ �4�£kW9&T¯K }�=?K ³ [4�HZ]9<b&14`'9&(]

}_�4��� & ^_14B � � M
�.}_�4�x� � ¬ } H � � ��  ���A�9����  ��

+ � } H V (©� �-������ � � � � ���
D����  ��
^_14B ��� M4� }J=WK ³ -8�



 � ����7 ���	��
����������
������������������������ �"!#���%$������
��9¦>W(C9j5?1�*~7:G?9P,.5I,.ANEg7J36b@BJ9&(C>WAO7J($/WBJ9<(J9<5Q7J9&;=,.Z21�q.9¦7:1�;W9<BJ3Nq49j,yBJ9<Aa,V7J36145fZ]9r7v*H9<9&5 U ��� � ,.5W; ��kAO9D,.;W3O5WRy7:1',�	��	�{^_14B ��K �@(C365WRu9<T2K©}J=WK �\[8�rkW9<T¯K }�=WK ³ ?4�eEg369<A6;W(

� �
}±�1(�� � N �N�� N��N�( � H N����N H � � }J=WK ³ >8�

��36(eR43Oq.9&5�Z8Ef9&TQ(&K }�=WK²� �Lk�=WK²��-8��,.(-,j^_>W5Wb<7J36145F1.^ � ,.5W; � ?W365?(J9&BY7:3O5WR�7JGW9)(C14A6>?7J36145 � } H V �!�n1.^7JGW9PA6365?9D,.B-(YEg(C7:9<` 9&T¯K©}�=WK²��>8��EL3O9&AO;W( �]} H V �l�-,V5W;l7JGQ>W(
� �
}��1( � �

M ����� ¬
N �N � � N � �N�� O N��N�( � H N�� �N H � }J=WKc= &8�

14B
% } H V �o� N��N�( � � } H � N � �N H � V }J=WKc=?M��

145?b&9h7JGI,V7 �Ik � ��� 
 ,.5W; ��� 
��� GI,Dq.9�Z]9<9&5§;W9<7J9&BC`f3O5W9&;§,.(@^_>W5Wb<7J36145?(¦1.^ H ,.5W; �{}�(J9<9�Z]9<A61�*@�rK %,.5?; � ,VBJ9sR43Nq49&5lZ8E

% } H V �]��� � �
}±�1(�� � ����� ¬

N �N � � N � �N�� }J=WKc=8�4�
� } H �u� H �

p$GQ>W(+*H9P5W1�* GW,�q.9�;?9&BJ3Nq49<;X,�	��	�{^_14B �©} H V (	�£K
� GI,V70BC9&`f,.365W($3O(-7:1u;W9r7:9&BC`f3O5W9 �Ik � ��� 
 ,.5?; ��� 
��� ,.($^_>W5Wbr7:361.5W(+1.^ H ,.5W; ��K A	36BC(C7+1.^	,.A6A]*H93O5Q7JBJ1g;W>Wb<9 ��5W145WAO365W9&,.B+9&TQ>I,V7J36145W(�� � } H V � V �!�H� &?K$p$GW9&3OB)(C14A6>?7J36145lR43Nq49&( � � } H V �]�£K$p$GW9htIBC(C79<Tg>W,V7:3O145!36($A63O5W9D,VB$,.5W;l36(-7JGW9P9&5W9<BJR.E[9<TQ>I,V7:3O145�}�=WK ³ =Q�

� ® �1( H � � ����� � � �
� �
¥ � � & }J=WKc= ³ �

14B-^_1.BJ`f,.A6ANE'*+BC3O7C7:9&5l,.(
� ¬ } H V � V � � V �D�&� V � � �n��&?� }J=WKc=�=Q�

p 1[9&(Y7d,.ZWAO36(CGX7:GW9hBJ9&`f,.3O5W365WR � +~M�5W145?A6365?9D,.B09&TQ>I,V7J36145?()*H9�`f,.cV9y>W(J9�1V^�9&TQ(&K�}J=WK²� ³�� =WK²�f?4�£K
�	|L/WBJ9<(J(C36145W(�^_14Bj7JGW9 	� � 3O5�9<T2KH}�=?K �f?.�j,.BC9f1.Z?7d,.3O5W9&;�Z8E�b<14`'/I,.BJ3O(J145�1.^$9<T2KH}�=?KOM�>4�s*+3N7:G�7JGW9
b<A614(C>WBJ9sBC9&Aa,U7:361.5 }�=WK ³ -8�

	� ¬ � � ¬ } H � }J=WKc=S?4�
	� � � + � } H V (©� �:� � ^_14B $'� � V �D�D� V �

,.5W;!7:GQ>W(
ª �("Y�¬ � �1( � ¬ } H � }J=WKc=f[8�

ª �#"Y�� ��	 � ª �#"Y�	 � � ^_14B $ V 	X� � V �D�D� V �	� }J=WKc=.�4�



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 �����  �

p$GW9u(J9&b<145W; 5W145WAO365W9&,.B¦9<Tg>W,V7:3O145�36(sBC9&Aa,U7:361.5¤}�=WK²� ³ �+^_14B $x��M�*+3O7JGx7:GW9�(C14A6>?7J36145 � } H V �l�@1V^9&T¯K©}�=WK²��>8�£kW365W(C9&BY7:365?R�BJ9&A6,V7:3O145 }�=?Kc=S[4�
� �! � ¬ ª � ¬ �! ¬ � ! � ! } H V �l� � ¬ } H V �l� ® � �! � ¬ ª � � �! ¬ � ! } H V �l� � ¬ } H V �l�

® ª � � �¬ � ¬ } H V �!� ® �1( � ¬ } H ����& V }J=WKL=.-8�
14B&kW^_14BC`F,VA6AOEu*+BC3O7J7J9&5l,.(

� � } H V �!��� &?� }J=WKL=.>8�
A¯>?BC7:G?9&B+9&TQ>I,V7J36145?(),.BC9P14Z?7d,V365W9<;!^_BC14`�9<T2K©}J=WK � ³ �e^_14B $l� M4kI365W(C9&BY7:365?R � } H V �l�£kW7:GW9P(J1.A6>?7J361451.^ 9<T2Ko}�=?K ��>4��,.5W;F9<A63O`f3O5I,V7:3O5WR@7JGW90>W5WcQ5W1�*+5F^_>W5Wbr7:3O145 � } H V (©��365u7:GW9+b&1g9 �'b<369&587J( ª �#"Y�� qg3a,¦7:GW9
BJ9&A6,V7:3O145W(j}J=WKc=.�4�¦}_^_1.B $F� � V 	§� �4�-3±K 9.KNk

� ���! � ¬ ª � ¬ �! � � ! � ! } H V �l� � � } H V �l� ® ���! � ¬ ª � � �! � � ! } H V �l� � � } H V �l�
® ª � � �� � � } H V �l� � ��	�+� � �! � ¬ ª � ¬ �! 	 � ! � ! } H V �!� � 	I} H V �l� ® ���! � ¬ ª � � �! 	 � ! } H V �l� � 	?} H V �l�
® ª � � �	 � 	W} H V �!� � � � � &

^_14B 	X� ³ V �D�&� V � }J=WKX?�&8�
14B-^_14BC`F,VA6AOEu*+BC3O7J7J9&5l,.(

�
�
} H V �l� � &KKK

� � } H V �l� � &?�
}J=WKX?LM��

A¯1.B�R43Oq.9&5 H ,.5?; �'7:GW9 � ,.BC9$;W9<7J9&BJ`'365?9&;'365y7:G?9+^_1.A6A61�*+3O5WR)*H,�E2i	7JGW9+b&14>?/WA69<;'(C9<7n1.^]5W145WAO365W9&,.B
9&TQ>I,V7J36145W(h}�=?Kc=f=?k�=WKc= >?k�=WKX?LM��-36(0(J14ANq49<;X5Q>W`'9&BJ3ObD,.AOAOEfqL36,u, Y@9r*$7:145gm �0,./WGW(C145=7J9&bdGW5W3OTQ>W9h>W(C365WR
9r|L/WA63Ob&3N7+9r|L/WBJ9<(J(C36145W(0^_14B-7:G?9 �4,.b<14ZW36,.5!`F,V7JBJ3 | � � � � ���

��� 
 � Kn�v5=9&,.bdGX(Y7:9</X1.^©7:GW9P3O7J9&BJ,V7:3O145�7:GW9� ,.BJ9s1.Z?7d,.3O5W9&;!Z8E!5Q>W`'9&BJ3ObD,.Ao(J14AO>?7:3O145[1.^ 7:GW9PA63O5W9D,VB-(CEg(C7J9&` }�=?K �\=8�rK
p$GW9j,.5W,.AOEQ7:3Ob��4,.b&1.ZW3a,.5[`f,V7JBJ3N| � 36($R43Nq49<5=Z8E

� �
�������
�

& �1( H � b�°�±° �&�D� �1( H � b��� �� � °��� 
� � °��� °

�&�D� � � °��� �KKK KKK KKK
� � ����  � � ���� ° �&�D� � � ���� �

	�






� V }J=WKX?4�4�



	� ����7 ���	��
����������
������������������������ �"!#���%$������
*+GW9<BJ9 N � �N � 	 } H V �!� � ª � ¬ �	 ¬ � 	 � ¬ ®

��! � ¬ ª � ¬ �! ¬ � !
M N � !N � 	 � ¬ ® � ! N � ¬N � 	 O ®��! � ¬ ª � � �! ¬

M N � !N � 	 � ¬ ® � ! N � ¬N � 	 O ® ª � � �¬ N � ¬N � 	 }J=WK ? ³ �
,.5?;y(J3O`f3OAa,.B�BJ9<Aa,V7J36145?( ^_14B 7:GW9H/I,.BC7J3a,.AQ;W9<BJ3Nq.,U7:3Oq.9&(�1V^I7:GW9-1V7:GW9<B	5W145?A6365?9D,.B�^_>W5Wbr7:361.5W( �

� V �D�D� V � � Kp$GW9j/I,.BY7:3a,VAo;W9<BJ3OqV,V7J3Oq.9&( ��� ���� � } H V �l�-BC9&TQ>W36BC9&;l365�}�=?K ? ³ �-,.BJ9s14ZL7d,.3O5W9&;!Z8E!36`'/WA63Ob&3N7H;W3N\o9<BJ9<5Lm7J3a,V7J36145�1V^	9<T2K©}J=WK �@>8���! � ¬�� � !
N � !N � 	 } H V �l� � N�* �N � 	 + ��! � ¬

N
�
� !N � 	 � ! }J=WK ?�=Q�

� + � % � ¬ �	 � � � ® % � � �	 � � � 	?} H V �!� }J=WK ?�?4�+ � ��! � ¬ � % � ¬ �! � � ! ® % � � �! � � � ! } H V �!� ® % �() ���� � 	 � �
� 	 � ;W9<5W1.7:9<(07JGW9��sBJ145W9<bdc.9<B@;W9<AO7:,uR.3Oq49<5=Z8E

� 	 � � 89 : M ^_14B 	X� $& 1.7JGW9&BY*+36(J9 � }J=WK ?\[8�4L1.A6>?7J36145�1.^+7:GW9�5?145WA63O5W9D,VBh9&TQ>I,U7:361.5W(yqg3a,=7JGW9[/WBJ1gb&9<;W>WBC9[;W9&(Cb&BJ3OZ]9<;¢,.Z]1�q.9�EL3O9&AO;W(h7:G?9 � ,.(
^_>W5?b<7:3O145W(�1V^ H ,.5W; ��K©��9-5W1�* bD,.AOb&>WA6,V7:9n7:GW9$;W9<BJ3Nq.,U7:3Oq.9&( ��� 
��� } H V �]�©BJ9<TQ>W36BC9&;u365y7JGW9-b&1g9 �'b<369&587
% } H V �]�¦365§9&T¯KH}�=WKL=Q�4�£Kfp$GW9rE�,.BJ9';W9<7J9&BC`f3O5W9&; Z8E§36`'/WA63Ob&3O7JAOEl;W3N\o9<BJ9&587J3a,V7J365WR[9<Tg>W,V7:3O145W( � ¬ �& V �D�D� V � � ��&u*+3N7:G!BJ9<(J/29&b<707:1 �

�������
�

��� ���
��� °���KKK
��� ����

	�






�
� � } H V � } H V �]�J� � ¬�� �������

�

+�M& KKK&
	�






�
� }J=WK ?��4�

A	3O5I,.AOAOE4kQ7:G?9 � ��� 
 } H V �]�-,.BC9j1.Z?7d,.3O5W9&;[^_BC14` }J=WK ���4�rkN-�N � � � ª
� N �N � � + = % � N �N � � V }J=WK ?@-8�

*+GW9<BJ9 N �N � � � + ��! � ¬
M
¥ �! H � � �  �! N � !N � 	 ® } M + � �  �! � �g� � � N � !N � 	 �N �N � � � ��! � ¬

M
¥ �! H � 
 �  �! N � !N � 	f® }YM + 
 �  �! �V�g��� � N7� !N � 	 �N � !N � 	 � �)(

¥ �! H M
� 	 ! � ! ® � ! N � !N � 	 O }J=WK ?@>8�



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� ��
*+3O7:G ��� ��} H V � } H V �]�J�-,.5?;�� ��� ���� 
 } H V � } H V �]�J���QK

p$GW9�	��	� }�=WKL=WM��@3O(s,�TQ>I,.(C36A63O5W9D,VB);W3N\o>W(C36145X9&TQ>I,V7J36145x7JGI,V7PGI,.()Z]9<9&5 (J14ANq49&;§5Q>W`'9&BC36bD,VA6AOE
ZQE ,.5 36`'/WA63Ob&3N7'tW5W3O7J9rmv;?3O\]9&BJ9<5Wb&9x,.A6R41.BJ3O7JGW` ; � ��As;W9<(Jb<BJ36Z29&; 3O5 ;W9<7:,.36A0365 ;L?\=�A)365�7:G?9�BJ9&R.36145
}�( V H ��� ;C& V ( � A��'; & V H � A±K©p$GW9H3O5Q7J9&R4BJ,V7:3O145�*+3N7:G�BJ9&(C/]9<b<7�7J10([(C7:,.BC7J(�,V7�(�� &),.5W;yR41g9&(©;W1�*+5h7:1
A61�*H9<Be7J9&`'/]9<B:,V7J>WBJ9<(&K��-7-9&,.bdGF7J9&`'/]9<B:,V7J>WBJ907:GW9@(J9<7H1.^S5W1.5WA63O5W9D,.B�9<Tg>W,V7:3O145W(s}J=WKL=f=Wk@=WKL=.>?k@=WKX?LM��
36([(J1.AOq49<; R43Oqg365?R�� � � } H V �]���Qi�7:1 9<5W(J>?BJ9§B:,./?36; b&1.5Qq.9&BCR49&5Wb<9 7JGW9xqV,.A6>?9&([1.^P7:G?9	� � � } H V �]�
�14Z?7d,V365W9<;F,V7�7JGW9+/WBJ9rqg3614>W(�7J9&`'/]9<B:,V7J>WBJ9+(C7J9&/'365�7:G?90(C14A6>L7:361.5f,VA6R414BC3O7JGW` 1.^]7JGW9 	��	� ,.BJ9$7:,.c.9<5
,.(y365?3O7:36,.A�R4>W9<(J(y^_14Bj7:GW9F(J14AO>?7:3O145�1.^$7JGW9�(YEL(Y7:9<`�1.^+5W145?A6365?9D,.Bj9&TQ>I,V7J36145?(&K��v5�7JGW9[5W9r|g7�(Y7:9</
��� � } H V �]���Qk �2} H V �]�rk�� ��� ���� 
 } H V �o���Qk�� � ��� 
 } H V �]����,.5W;�� ��� 
� � } H V �o����,.BC9P;W9<7J9&BJ`'365?9&;=7J1fb&,.A6b<>WAa,U7:97:GW9ub&1g9 �'b<369&587 % } H V �]�rK�p$GW9uZ]14>?5W;I,.BYExb&1.5W;W3O7J36145?(s,.BJ9�7:GW9u(:,V`f9�,V(s365 ;L?�>\A�i)^_14B H � &[145W9
14Z?7d,V365W(-^_BC14`�9&T¯K }J=WK ³ =Q�

�©} H � & V (	����&  (n� }J=WKc[ &8�
A¯1.Bn7JGW9)Z214>W5W;W,.BCEub<145W;W3N7:361.5F,V7eGW3OR4GF;W9<5W(J3N7vE H �P}_*e9)GI,Dq.9¦(J9r7 H �$� M)3O5f7:G?9)bD,VA6b&>?Aa,V7J36145W(:�©*H9
`F,.cV9P>W(J9j1.^ 7:GW9P(J1UmvbD,VA6A69<;[GW36R.G!7J9&`'/]9<B:,V7J>WBJ9j,./?/WBJ1D|L36`f,V7:3O145§}��@p �s� ;e=\A ,.b&b<14BJ;W3O5WR�7:1�*+GW3ObdG
7:GW9P9r|Lb<9&(J()�@9<A6`'GW14AO7Jz)^_BJ9<9P9&5W9<BJR.E!/29&B+>W5W3N7-q41.A6>W`'9s36(+R43Nq49&5!Z8E

�
�������� } H V (©�����1( H � , � }_�4� ] ���r}_�4� � � � �  (n� }J=WKc[?M��

p$GW36( ,./W/?BJ1D|L36`f,V7:3O145¦Z29&b&1.`f9<( `'14BC9�,.b&b<>WB:,U7:9�^_14BSGW3OR4Gs;W9&5?(J3O7J369<( (C1$7:GI,V7S^_1.B�,+(C> �'b&3O9&587:ANEsAa,.BCR49
q.,VA6>W9P1.^ 7:GW9P;W9<5W(J3N7vE H �),uZ214>W5W;I,VBCE[b<145W;W3N7:361.5[ZI,.(J9<;X145[7JGW9j�@p � (CGW14>WAO;lZ29PBJ9&,.(J145W,.ZWA69VK���^
*H9j>W(J9P7:G?9��0p©� ,V7 H � H �@145W9P14Z?7:,.365W(-^_1.B-7:GW9PBJ9<;W>Wb<9&;Xb<14`'/WBJ9<(J(J3OZW36AO3O7vEN�� �N H � } H � V (©��� N ���N H � } H � V (�� &4�  (n� }J=WKc[8�4�
p$GW9)3O5W3O7J3a,.AWb<145W;W3N7:3O145 �	} H V (�� &8��bD,.5�Z290;W9<7J9&BJ`'365?9&;FZ8Eu7d,Vcg3O5WRj36587:1�,.b&b<14>W587H7JGI,V7n^_14B (§� &
7:GW9�;W3OBJ9<b<7Pb&1.BJBJ9<Aa,V7J36145l^_>W5Wbr7:361.5§�.}_�4�@b<14365?b&36;?9&()*+3N7:Gx7:GW,V7s1.^�7:G?9u�04xR8,.(<K�p$GQ>W( 	� � � &F^_14B$F� � V �D�D� V �	k?Eg3O9&A6;?365WR � � } H V (�� &8��� &y^_14B $'��� V �D�&� V �©K��@9&5?b&9.k¯9<T2K }J=WK²��>8�HBJ9<;W>Wb<9&(@7J1

�
� ¬ � ¬ � * � ^_14B $F� M V �D�D� V �	� }J=WKc[ ³ �

A¯1.B $f� Ms7JGW36($AO9D,.;W($7J1
� ¬ } H V (x� &8��� * ¬ } � ¬ } H V (x� &8�C�

� ¬v¬
} � ¬ } H V (§��&8�J� V }J=WKc[�=Q�

*+GW9&BC9 � ¬ } H V (x� &8��36(�14ZL7d,.3O5W9&;u^_BJ14` 7:GW90cQ5W1�*+5�TQ>I,.587:3N7vE � ¬ } H V (x� &8�	7:GI,U7n*H,.(e36587:BC1L;W>?b&9&;
365[7:GW9���,./WA6,.b&9¦7JB:,.5?(C^_14BC` 7:9<bdGW5W36TQ>W9F}�(C9&9j�)/W/29&5?;W3N|!� 1V^ ;L?�>\Aa�HqL36,

� ¬ } H V (x� &8��� ¥ ¬= ( H ª + M
ª � ¬ +	� ¬ V }J=WKc[S?4�



H� ����7 ���	��
����������
������������������������ �"!#���%$������
*+GW9<BJ9

ª � }±�0+�� �0+ � ¬ } H V (x� &8�J� �W}�� ® ¥ ¬ �= ® �.¥ ¬ + ¥ �¬� ¬ �
M
�.¥ ¬

. ¥ ¬ +¢�
¥ ¬ ® �'® � �g�  0

� ¬ �
M
�.¥ ¬

M ¥ �¬ ® �.¥ ¬ + == ® �.¥ ¬ +¤¥ �¬ ® � �g�Y O
� � }YM ® � �?� �

}YM + �?� � }J=WKX[�[8�
*+3N7:G��u��� � H Z29&3O5WR�7:GW9P/I,.bdcQ3O5WR'^_BJ,.b<7J36145oKBAIBJ14`�9&T¯K©}�=WKc[ ³ �e^_14B $��� Mj145W9s1.Z?7d,.3O5W(

� � } H V (x� &8��� + � ¬ } H V (�� &8� � % � � �¬ � � ¬ } H V (�� &8� ® % �#"Y�¬ � � ® % �
�
��

� ¬ } H V (�� &8� � % � ¬ �¬ � � ¬ } H V (�� &8� ® % � � �¬ � � ® % � ) ��
}J=WKX[ �4�

,.5?;!7JGQ>W(
�©} H V (x� &8��� +¦�1( H � � ��� � � � �

� � } H V (�� &4�
¥ � � }J=WKX[�-8�

p$GW9h>W5W/WG8Eg(J3ObD,.A�BC9&R43O145x3O5W(J3O;W9�7JGW9y(J/?365W1g;I,.A b&>WBYq49�3O(¦;W9<7J9&BC`f3O5W9&;xZ8EXbdGW9&bdcQ365?R!7JGW9y(C36R45x1V^ �
R43Nq49<5�365§}J=WK²� �4�ri	365F7JGW9)^_14BCZW36;W;?9&5�BC9&R43O145��uZ]9<b&14`'9&(-5?9&R8,V7J3Oq.9.K�p$GW9sZ214>W5W;W,.BCEfb&145?;W3O7J36145W(n145
7JGW9P(J/W3O5W1L;W,.A >W(C9&;lGW9&BC9h,.BC9¦7:GW9P(J,.`f9j,.($7JGW14(J9P3O5 ;L?�> A

�©} H��	� V (©��� � � } H��
� � �©� M V � V }J=WKX[�>8�
*+GW9<BJ9 H��	� }���� M V �4�j,.BJ9!,V/W/WBJ1D|L36`f,V7J9&(h^_14B�7:GW9�(C/W365?1L;I,VAH;W9<5W(J3N7:369<(�145 7:G?9[;W36(Cb&BJ9r7:9[;W9<5W(J3N7vER4BC36;=,V7),'R43Nq49<5X7:9<`f/29&BJ,V7:>WBC9.K$p$GW9<36B+qV,.A6>W9<(),VBJ9j;W9<7J9&BJ`'365?9&;XZ8ElA61gbD,U7:365?Ru7JGW9hbdGW,.5WR49�1.^�(J3OR45
1.^ �IK � � } H ��36(�7JGW9$qV,.A6>W9$1V^]7JGW9+9r|Lb&9<(J(H3O587:9&BC5I,.AW9<5W9&BCR.Eu/29&B�>W5W3N7�q414AO>W`f9-*+G?9&BJ9 ¬ � ��� � &?K�p$G?36(
qV,.AO>W9s36($;W9r7:9<BJ`'365W9<;lZ8E!(C14AOqg365?Ry7:GW9P(J9r701.^	9<TQ>I,V7:3O145W(

�2} H V � ¬ V �D�D� V � � � � &
� � } H V � ¬ V �D�D� V � � � � &KKK
� � } H V � ¬ V �D�D� V � � � � & }J=WK4�@&8�

*+3N7:G'BJ9&(C/]9<b<7-7J1 � ¬ V �D�&� V � � /WBJ1�qg36;?365WR�,.R8,.3O5'7JGW9¦,V5I,.AOEQ7J36b �4,.b<14ZW3a,V5F`f,V7:BC3N|�1V^ 7:GW3O(e5?145WA63O5W9D,VB(YEL(Y7:9<`=K �v5W(C9&BY7:365?R¤7JGW9�(J1.A6>?7J36145W( � ¬ } H � V �D�&� V � � } H �F365 7JGW9�9&5W9<BJR.E�9&TQ>I,V7J36145 }�=?K ³ =8�'Eg369&AO;W(
� � } H �£K

w 5Wb&9 �©} H V (©�-GI,.(0Z29&9&5X;W9<7J9&BJ`'365?9&;lZQEl(C14AOqg365?Ru7JGW9�	��	� }J=WKL=WM��H7:GW9j/WBC9&(J(C>WBJ9 D ,.5W;=7JGW9
bdGW9<`f3ObD,.Ao/]1.7J9&587:36,.A 	 ,.BC9j1.Z?7d,.3O5W9&;!Z8E[3O5Q7J9&R4BJ,V7:3O5WR � ^��� ^ ,.5W; � ^ 	� ^ *+3O7JG!BJ9&(C/]9<b<707:1�(�^_BC14`N�(EDN�( � + � ® H N��N H }J=WK4�gM��



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 �����  

,.5W; N�(
	N�( � N��N H V }J=WK#�4�4�
*+GW9&BC9j*e9�GW,�q.9j7:,.c.9<5X,V(03O587:9&R.B:,V7J36145[b<145W(C7:,.587:(@,V7 (�� &�7JGW9 / 4[qV,.AO>W9&($^_14B (ED ,.5W; ( 	(EDf} H V (X� &8� � H M ® � ® � � + � �}YM + �?� �(
	�} H V (X� &8� � A65 H ® - �'+ > � � + ³ � �} MW+��W� � � }J=WK#� ³ �
�)AO7J9&BC5I,V7:3Nq49<AOE4kS(ED ,.5W;.( 	!b&,.5fZ29$14Z?7:,.365?9&;uZ8Eu36587:9<R4B:,V7J365WR?k4BJ9<(J/29&b<7J3Oq.9&AOE.k ¬ � ��� ,.5?; ¬�  � ��� *+3O7:GBJ9&(C/]9<b<707:1�7:G?9�;W9<5W(J3N7vE�^_BJ1.` M N�(EDN H O2P � MU ��� �M N�(
	N H O2P � MHSU ��� � � }J=WK#�\=Q�
�H1.7:G /W,V7:GW(FA69D,V; 7:1 7JGW9x(:,V`f9l7:GW9<BJ`'1L;?Eg5I,V`f3Ob&(F;?>W9x7:1�7JGW9X7JGW9&BC`f1g;?Eg5I,.`'36blb&145?(J36(Y7:9<5Wb<E
9&5?^_14BCb&9<; Z8E 9&T¯K0}J=WK ³ ?4�rK �01�*H9rq49&B<kH7:G?9lA6,V7J7J9&B�BC14>?7:9[GW,.(',§(C9&BC3614>W(�;?B:,D*+ZI,.bdc¯il365¤14BJ;?9&By7:1
BJ9D,VbdGf7:G?90G?36R4Gu;W9<5W(J3N7vEuZWB:,.5?bdGF1.^27:GW9+(C>WZ]b<BJ3N7:36b&,.AW3O(J1.7JGW9&BC`f(<k47:GI,V7n3O(�(J9&/W,.B:,V7J9&;'^_BJ14` 7JGW9+A61�*-m
;W9&5W(C3O7vE�ZWB:,V5WbdG Z8E�7JGW9'(J/W3O5W1L;W,.A±k 145W9fGI,.(�7J1Xb<36BJb<>W`hq.9&587h7JGW9f^_14BCZW36;?;W9&5�BJ9&R.36145 qL36,X,l/I,V7:G� ,.BC14>W5W; W7:GW9Pb&1g9r|L3O(C7:9<5Wb&9jb&>?BCq49VK
� � � � � � ! ����� ������ ����!��
	 �����
p$GW9!M���m�[ ��9<5W5I,.BC; �.145W9&(s3O587:9&BJ,.b<7J36145X;W9&(Cb&BJ3OZ]9<(s(J>WBC/WBJ3O(J3O5WR4AOE=R41g1L;=7:GW9�3O5Q7J9&BJ,.b<7J36145xZ29<7v*e9&9<5
B:,.BC9-R8,.(�,V7J14`'(&K p$GW9+,V7J7JB:,.br7:3Nq49-� �

� 7:9<BJ` BC9&/WBC9&(C9&587:(n,¦;W3O/]14AO9rm�365W;W>?b&9&;h;W36/214A69n36587J9&B:,Vb<7:3O145yZ29rm
7v*H9<9&5F7JGW9@BJ,.BJ9+R8,V(e,U7:14`'(&k4*+GW3OA69$7:G?90� � ¬ � 7J9&BC` 36(n,.5f,./W/WBC1D|?3O`F,U7:361.5y^_14B�7:GW90GI,.BC(JGfBJ9&/?>WA6(C36145
,V7�(JG?14BC7�BJ,.5WR49H7JGI,V7�GW,.(�3O7J(�14BC36R43O5h365�7:GW9$1�q49<BJA6,./�1.^¯7:GW9$1.>?7:9<B�9&AO9&b<7JBJ145�(CGW9&AOA6(<K24g7JBJ>Wbr7:>WBJ,.AI,.5W;
7:GW9<BJ`'1L;?Eg5I,V`f3Ob)/WBC14/]9<BC7J369&(e1.^S7:G?36(-`'1L;?9&A2(CEg(C7J9&` GW,�q.9sZ]9<9&5!9r|g7J9&5W(C3Oq49<AOEF(C7:>?;W369<;[365F7JGW9¦Aa,V(C7
;W9&b&,.;W9&(u>W(C365WRXZ]1.7JG b&14`'/W>?7J9&By(C36`y>?Aa,V7J36145W(j,.5?; 7:GW9<14BJ9r7:36b&,.Ae,./W/WBC18,.bdGW9<(&K A¯1.By,.5 1�q.9&BCqg3O9<*
1�q.9&B+7:GW9<(J9jBJ9<(J>WAN7:(+(J9<9�9VK�RWK);e=Wk�>�A±K

�0(J365?RX7:GW9f^_14BJ`f,.A63O(J` ;?9<q49<A614/29&;¤3O5�7:GW9F/WBJ9<b&9&9<;W365?R (C9&br7:361.5�*H9!,VBJ9�5W1�*�,.ZWAO9f7J1�(C7:>?;?E4k
*+3O7:G?365X7JGW9�^_BJ,.`f9r*H1.BJcl1.^�7:GW9 4C/ wP¡ �hk27:GW9yAO36TQ>W3O;LmvR8,V(0/?GI,.(J9hZ]9<GI,DqL3O14B)1V^n, � �6:I>W36;=7:GI,V7)36(
`f1g;W9&AO9&;§Z8E§,[GI,.BC;Lmvb<14BJ9�`y>?AO7:3 m � >WcU,D*H, :I>W36;oKyp$GW36(P(YEL(Y7:9<` GI,.(j,.A6BC9D,.;LExZ29&9&5 3658q.9&(C7J36R8,U7:9&;
ZQE,	�365W3 ��� ��798 ;e[ &�A©>W(J3O5WR[,F(C36`'/WA69<B$q49&BC(J3O145�1.^�7JGW9 4C/ wP¡ ��Ko�v5�,.5X9<\]14BC7@7:1F9<5I,.ZWAO9y,F;?36BJ9<b<7
b&14`'/I,.BC36(J1.5�1.^e7JGW9&3OBsBJ9<(J>WAN7:(¦*e9'*+3OA6A�tIBJ(Y7�>?(J9�7:GW9<36B¦tW7s7J1[7:GW9	� �!/21.7J9&587:36,.A±K��v5§7JGW9&3OBs(C7J>W;?E
7:GW9�� �'/21.7:9<587:3a,VAo*-,V(@,V/W/WBJ1D|L36`f,V7J9&;!Z8El,uGW,.BJ;Lm�b&14BC9s7v*H1Vm � >WcU,D*-,u/]1V7:9&587J3a,.A

� }_�4�	��ªj¬ �� � �g� ����J�g�&� + ª � �� � �g�±°C�²�J�g�<� � }J=WK#�f?4�



�� ����7 ���	��
����������
������������������������ �"!#���%$������
�09&BJ9P�§36($7JGW9Pz&9&BC1F,V5W; �+7JGW9s*H9<A6ANm�;W9&/L7:Gl,V7+7:GW9P`'365W3O`y>W` 1.^ 7:GW9�� ��/]1.7J9&587:36,.A*����£}_�4��� = � M . � � 0 ¬ � + . � � 0 � O � }J=WK4�\[8�
p$GW9P/I,VB:,.`'9<7J9&BJ( ªP¬ � M.�X[�= ³ -.��kI¥ ¬ � M =W�#�V� � ¬ k ª � ���L�5& ³ � ,.5W;l¥ � � �L�X[�>.� � ¬ ,.BJ9PbdGW1.(J9&5l7:1tW7$7JGW9�� �'/21.7:9<5Q7J3a,.A�}�(J9<9stIRWK }�=?K �4�C�rK

�v5�b<14587:BJ,.(C7j7:1!7:GW9'BJ1.>?7:9'bdGW14(C9&5 3O5 ;e[ &\A�*+GW9<BJ9u7:GW9f�04§b&14587:BC36ZW>L7:361.5 7J1l7JGW9f;?36BJ9<b<7�b&14B m
BC9&Aa,U7:361.5§^_>?5Wb<7J36145 36(s7:BC9D,V7J9&; 3O5�,V5 ,./W/?BJ1D|L36`f,V7:9�*H,�E§7J1X,Dq41.36;�7JGW9'36587:BC1L;W>?b<7:3O145 1.^$,!7:GW3OBJ;
� >WcU,D*H,u7:,.36Ao*e9P>W(J9jGW9<BJ9s7:GW9Pb<A614(C>WBJ9PBJ9<Aa,V7J36145 }J=WK ³ [8�e*+GW9<BJ9P7:GW9j�04[;W3OBJ9&br7+b&14BCBJ9<Aa,V7J36145�^_>W5?brm
7J36145'36(�R43Nq49&5f365'7:GW9+� ,V36(J`f,.5'/I,.BJ,.`f9r7:9<BJ36z&,V7:3O145�Z8Ef,.5�,.;?;W3O7J36145I,VA � >WcU,D*-,�7J9&BC`=K 4g1�*e9);W9&,.A
GW9<BJ9s*+3O7JGl,';W3OBJ9<b<7+b&1.BJBJ9<Aa,V7J36145�^_>?5Wb<7J36145!1.^	,y7:GWBC9&9rm � >WcU,D*-,u^_14BJ`�14>?7:(C36;W9s7JGW9Pb&14BC9.K

0 0,2 0,4 0,6 0,8

ρ∗

0,
8

1
1,

2
1,

4

T
*

0,7 0,8 0,9 1 1,1 1,2 1,3

T*

-4
,4

-4
,2

-4
-3

,8
-3

,6
-3

,4

µ∗

A	3OR4>WBC9 =WKNM4i /H1g9r|L36(Y7:9&5?b&9!b&>WBYq49l1.^07:GW9[GI,VBJ;Lm�b&14BC9�7v*H1Vm � >WcU,D*-, :I>W3O;¢`'36`'36bdcQ3O5WRx, � �Um�:I>?36;
}_(J9&907:9£|L7d�rK �+36R4G87&i	b&1g9r|L3O(C7:9<5Wb&9)b&>WBYq49¦3O5'7JGW9);W9<5W(J3N7vE8m�7:9<`f/29&BJ,V7:>?BJ9)/?Aa,.5W9VK 4L14AO36;'A63O5W9.i ZW365?1L;I,VA
b<>WBCq.9.k�;I,.(CGW9&;¤A63O5W9.iu(C/W365W1g;I,.Anb&>?BCq49VK��S9r^ 7Di /H1L9£|?3O(C7J9&5Wb<9lb<>WBCq.9[365�7JGW9[bdGW9<`f3ObD,.An/]1V7:9&587J3a,.A m
7J9&`'/]9<B:,V7J>WBJ9s/WA6,.5W9VK��)A6AoTg>W,.587:3O7J369<(+,.BJ9P365!BC9&;W>Wb<9&;=>W5W3O7J(j}�	��+� � 	 � �d�rK

p$GW9@5g>?`f9<BJ36b&,.AI(J1.A6>?7J36145'1.^o7JGW9 	��	� }J=WKL=WM��	*+3O7JGf7:G?9@3O5W3O7J3a,.ALb&145W;?3O7:3O145f,.5W;u7:GW9@Z]14>?5W;I,.BYE
b<145W;W3N7:361.5W(yGI,.(�Z29&9<5{/29&BY^_14BJ`'9&;¤145¤,�;W9<5W(J3N7vE R4BC36; *+3O7JG�� H �=� M�& ��� ,.5W;¢,x7:9<`f/29&BJ,V7:>?BJ9R4BC36;�� ( � � M�& � ) K0�v5=14BJ;?9&B@7J1FAO1Lb&,V7:9s7:G?9hb&BC3O7J36bD,VAS/]143O587),Vb&b&>?B:,V7J9&AOE�� ( � 36(0;W9<b&BJ9&,.(J9<;x*+GW9&5
,./?/WBJ18,VbdGW365WRx7JGW9!b&BC3O7:3ObD,.Ae/]1.36587',.5W;¢,V^ 7J9&BC*H,.BC;W(u365Wb<BJ9D,V(J9&;¢ZI,.bdc 7J1�7:GW9[3O5W3O7J3a,.A�qV,.A6>W9VK p$GW9
b<BJ3O7J36b&,.A©/2143O5Q7f} H � b V T �b �)3O(sA61gbD,V7J9&;�Z8Ex7:G?9yq.,V5W36(CGW365WR[1V^e7JGW9�3658q49<BJ(C9fb<14`f/?BJ9&(C(J3OZW36AO3O7vE ¬ � ��� Ky�-7



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 �����  �
(J>WZ2b&BC3O7:3ObD,.AW7J9&`'/]9<B:,V7J>WBJ9<(n7JGW9+BJ9<R436145'9&5?b&A61.(J9&;fZ8E�7:GW90(J/W3O5W1g;I,.AW3O(n9£|Lb&A6>?;W9&; K�p$G?9)b&1g9r|L3O(C7:9<5Wb&9
b&>WBYq49h3O($;W9<7J9&BC`f3O5W9&;!Z8E!9&TQ>I,V7J365WR�7JGW9PbdGW9&`'36b&,.A /21.7:9<5Q7J3a,.A ,.5W;!7:GW9P/WBC9&(J(C>WBJ9

	�} H � � V T � � � 	�} H � � V T � �DF} H � � V T � � � Df} H � � V T � � V }J=WK#� �4�
*+GW9&BC9 H � � ,.5W; H � � ,VBJ9�7:G?9�;W9&5W(C3O7J369&(�1.^Q7JGW9�b&1g9r|L36(Y7:365?R$R8,.(�,.5W;jA63OTQ>W36; KSp$G?9�qV,.AO>W9&( ^_1.B 7:GW9�b<BJ3O7J36b&,.A;W9&5W(C3O7vE�,.5W;[7:9<`f/29&BJ,V7:>WBC9¦14Z?7:,.365?9&;�3O5�7:GW9¦;?3O\]9&BJ9<587+,./W/WBC18,.bdGW9<(0,.BJ9¦b<14`'/I,.BJ9<;[365�p©,.Z K }�=WKNM��
*+3O7:G!7:G?9s/WBJ9<;W36br7:361.5W(+1.^©7JGW9sq49<BJ(J3O145W(+1.^ 7:GW9 4C/ wP¡ � 1.^ ;L[�&�A ,.5W;!7:G?9'& /~(J3O`y>WA6,V7:3O145FBC9&(J>?AO7:(
/WBJ9<(J9&587'7:GW9<BJ9<365 K�p$GW9!b&1g9r|L36(Y7:9&5?b&9lb&>WBYq49!365 7JGW9�7:9<`f/29&BJ,V7:>WBC9rm�;W9&5W(C3O7vE /?Aa,.5W9�,.5W;¤bdGW9&`'36b&,.A
/]1.7J9&587:36,.ANm±7:9<`f/29&BJ,V7:>WBC9s/WAa,V5W9P36($R43Nq49&5=365!tIR4(<K }�=WKNM��rKep$GW9jb&>WBYq49&(),.BJ9jGI,.BC;WAOE�;W36(Y7:365?R4>W36(CGI,.ZWAO9
^_BJ14`�7JGW9�1.5W9&(@1.^	7JGW9�q.9&BJ(C36145=1.^	7JGW9 4/ wj¡ � BJ9</]1.BC7:9<;X3O5 ;e[ &\A�*+GW9<BJ9�7JGW9��04l/W,.BC7@1.^��V}��.�-36(
7:BJ9&,V7:9<;�Z8EX, � >WcU,�*H,f^_14BC` *+GW14(J9�B:,.5?R49hb<14365Wb<36;W9<(@*+3N7:G=7JGI,V7@1.^�7:G?9hBJ9</W>WAO(J3Oq.9hb<14587:BJ3OZW>?7J36145
7:1u7:GW9s7d,V36Ao/21.7J9&587:36,.A±K & / 4C/ wP¡ � 4C/ wP¡ � � 4C/ wP¡ ���H � b &?K ³ M�&I} M�� &?K ³ &f[ &?K ³ &.� &?K ³ &�=T �b M4K²��>S?W} M�� M4K ³ &S? M4K ³ &�= M4K �@> ³
p	,.Z?A69 =WKNM4i�/HBJ3N7:3ObD,.AQ;W9<5W(J3N7vE�,.5W;�7:9&`'/29&B:,U7:>WBC9H^_14B©7JGW9-GI,VBJ;Lm�b&14BC9e7v*e1Vm � >WcU,D*H,":W>W36;y`'36`'36bdcQ3O5WR
, � �Um�:I>W3O; }_(J9&9�7J9r|g7£�£K &5/ (C36`y>WA6,V7:3O145�^_BJ14` ;e[ &�A�K 4/ wj¡ � BJ9&(C>WAO7J(�^_14Bj7:GWBC9&9£m � >WcU,D*-,xb4}�B:�rK
� i 4C/ wP¡ � BJ9<(J>WAN7:(�>W(C365WR���m � >WcU,�*H,�b8}_Bd�h1.^09&T¯K~}��LKOM��4��1.^';e[ &\A�K��2i 4C/ wP¡ � BJ9<(J>WAN7:(�>W(C365WR
��m � >WcU,D*H,'b4}�Bd�-1.^©9&T¯K@}±�gKOM��H1V^ ;e[ &\A�K

�@(),�^_>WBC7JGW9&B0,./?/WA63ObD,V7J36145[1.^©7:GW9s^_14BC`F,VA636(C`�;?9<q49<A614/29&;=365!7:GW9P/WBC9&b<9&;W3O5WRF(C9&b<7J36145!*e9hGI,Dq49
tW7J7J9&;x,y7JGWBJ9<9rm � >?cV,D*H,f3O5Q7J9&BJ,.b<7J36145[Z8E[`'9D,.5?(01V^�,�/21436587+Z8E!/]1.36587DkLA69D,V(C70(JTQ>I,.BC9&(0/WBJ1gb&9<;W>WBC9*	}_�4��� 89 : * �d���

� ¬ � � � �� ° ������D��
+¤� � � ����R� ��U�D��

+ } M +¤� � � � ���	R���������
� �h��� V }J=WK#��-8�

7:1f,'� / � �'/21.7J9&587:36,.A *�
�W}_�4��� 8�9
�
: * � � �= � . � � � � ¬ � + � � � �

� 0 ��� � V }J=WK#��>8�
(J9&9jtIRWK }J=WK �.�rK�p$GW9j;W3O\]9&BC9&5Wb<9jZ29<7v*e9&9<5X7:G?9h� / � �Umv/21.7:9<587:3a,VAS,.5W;!7:GW9PtW7C7:9&;l/21.7:9<5Q7J3a,.AS3O($5W1.7
;W36(Y7:365?R4>W36(CGI,.ZWAO9!145¢7JGW9X(CbD,.AO9=1V^)7:G?9=tIR4>?BJ9.K AI14B�7JGW9lt?7J7:3O5WR§*H9=GI,Dq49xbdGW1.(J9&5 M�& & &§/]1.36587:(
(C7d,VBC7:3O5WR�,U7¦�h�«My,V5W;x(J/W,.b&9<;�/WBJ14/214BY7:361.5I,.A 7:1f� �&k ,.AOAS1.^�7:G?9h/21436587:(0*H9<BJ9y9<TQ>I,.A6ANE[*H9<36R4G87J9&; ?
(J1u*H9PGI,Dq49j/WBC1�qg3O;W9&;l`f1.BJ9)tW7C7:3O5WRu/]143O587:(+,V7+AO1�*e9&B-qV,.AO>W9&(+1.^ �gK�p$GW9P/I,.B:,V`f9r7:9&BC(-*H9<BJ9P^_14>W5W;
7:1'Z]9P¥ � �X� M ³ �c=f=f[ V ¥ � �X� ³ �L=.-8� V ¥ " �=� M4� ³ M"��,.5W;l� ¬ � � ¬ � �L� ³ ?LM V � � � &?�5>?M�&LK

p$GW9Pb<1L9£|?3O(C7J9&5Wb<9�b<>WBCq.9j^_14B-7JGW36(+`'1L;?9&A /21.7:9<587:3a,VAo36(+R43Nq49<5l3O5[tIRWK }�=?K ³ �£K



�� ����7 ���	��
����������
������������������������ �"!#���%$������

1 2 3

r/σ

-1
0

1
2

vL
J (r

)/
ε

A	3OR4>WBC9 =WK²�Li A¯>?A6AnA6365?9.i'�),.BC;Lmvb<14BJ9f7:GWBC9&9rm � >WcU,D*-,�36587J9&B:,Vb<7:3O145 /21.7:9<587:3a,VA±Kxp$GW9[/W,.B:,.`'9<7J9&BC(�m
(C/]9<b&3OtW9&;[365f7:GW9¦7J9r|g7Hm�,VBJ9¦bdGW1.(J9&5[7J1ytW7+,hGI,VBJ;Lm�b&14BC9 �S9&5W5I,VBJ; �.145W9<($/]1V7:9&587J3a,.A�K(�s,.(CGW9&;[AO365W9Vi
� /$� � tW7+1.^ 	�3O5W3 ���h��798 ;e[ &\A 7J1�7:GW9�� �'/21.7:9<587:3a,VA±K

0 0.2 0.4 0.6 0.8

ρ∗

0.
8

1
1.

2

T
*

A	3OR4>WBC9�=WK ³ i�/H1L9£|?3O(C7J9&5Wb<9eb<>WBCq.9n^_14B 7JGW9�GI,.BC;Lmvb<14BJ9�7:G?BJ9&9£m � >WcU,D*H,@36587J9&B:,Vb<7:3O145":I>W3O;P7JGI,V7 `'36`'36b&(
,'GI,.BJ;gmvb&1.BJ9 � �.:W>W36;=365=7JGW9�7J9&`'/]9<B:,V7J>WBJ9£mv;W9<5W(J3N7vEl/WAa,.5?9.K<4L14AO36;lA6365?9.iHZ?365W1g;I,.A�b&>?BCq49@? ;I,.(CGW9&;
AO365W9Vi�(J/W3O5W1g;I,.A b<>WBCq.9.Kh/HBJ3O7J36b&,.Ao/214365870,V7�} H � b V T �b ��� }�&?� �@>f[ V M4�²�\=@?.�rK



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� ��
� � � ��� 
����0��!%�! ��!��
p$GW9�`f1.(C7[(Y7:>W;W3O9&; b&,.(J9§,.`'145WR 7:GW9=^_>WA6AO9&BJ9<5W9&(F36(f7JGW9 /����!`f1.A69&b<>WA69!*+GW3ObdG b&145W(C36(Y7:([1.^3[ &
bD,.BCZ]145!,U7:14`'(-GW9<A6;�7:1.R49<7JGW9&B-Z8EFb&1�qV,.A69<5Q7-Z]145?;W($145�7:G?9¦(J>WBY^�,.b&9s1V^	,h7JBJ>W5?bD,V7J9&;!36b<14(:,.G?9&;WBC145 K
p$GW9y`'14A69<b&>WAO9&($7:GW9<`f(C9&ANq49&()36587:9<B:,.br7)*+3O7JGX9&,.bdGx1.7JGW9&B@ZQElqV,.5X;?9&B@��,4,.AO(0^_1.BJb&9<(&K �@/X7J1F5W1�*Pk
`f14(Y7�(C7J>W;W3O9&(yGI,Dq.9�^_1Lb<>W(J9<;¢1.5�7:GW9F(J14AO36; /WGW,.(J9§}_(J9<9 ;5��-�A$,.5W; BC9<^_9<BJ9&5?b&9&(y7JGW9&BC9&3O5¯�rK��-7�AO1�*
7:9&`'/29&B:,U7:>WBC95/����fb&BCEg(Y7d,.AOA636z<9&(u365{,.5 AE/ /�Aa,V7C7:3Ob&9�*+3O7JG 14BC369<5Q7:,V7:3O145I,.AOAOE 14BC;W9&BC9&; `'14AO9&b&>?A69&(<K
p$GW36(n14BJ3O9&587d,U7:361.5I,.A6ANEh1.BJ;W9<BJ9&;f/WGI,.(C9)3O(ncQ5W1�*+5�7J1�Z29@1.5WAOE�(Y7d,.Z?A690Z]9<A61�* �f?@& ��k8*+GW36AO90,V7nBJ1g14`
7:9&`'/29&B:,U7:>WBC9P7JGW9P`f1.A69&b<>WA69<(->W5W;?9&BJR.1fGW3O5W;W9<BJ9&;lBJ1V7d,V7J36145W(<K

p$GW9 ��g /WGI,.(C9�7:BJ,.5W(C3O7:3O145W(+,.5?;=7:G?9�b<BJ3O7J36b&,.A /21436587+1.^ /����0^�,.A6AS3O587:1','7J9&`'/]9<B:,V7J>WBJ9PBJ9<R436`'9
7:GI,V703O($`y>WbdGlGW36R4G?9&B&kL*+GW9&BC9P7JGW9 /����)`'14A69<b&>WAO9&(-b&,.5lZ]9Pb&1.5W(J3O;W9&BC9&;!7:1uBJ1.7:,V7:9¦^_BC9&9<AOE4K�p$GQ>W(0365
7:GW3O(j7J9&`'/]9<B:,V7J>WBJ9'BJ9<R436145§m@365�*+G?36bdG�*e9[,.BC9f3O587:9&BC9&(Y7:9&;�365§7:GW3O(�(Y7:>W;?E§m@145W9fbD,.5�36R45W1.BJ9�7:GW9
36587:9<BJ5I,.Ag(C7JBJ>Wbr7:>WBC9-1.^I7JGW9 /�����`'14A69<b&>WAO9&(©,.5W;j7:BJ9&,V7�9&,.bdG�`'14A69<b&>WAO9e,V(	3O^W3O7 *H9<BJ9$,0(J/WGW9<BJ9-*+3N7:Gy,
>W5W3O^_1.BJ` (C>WBC^�,Vb&9$;W9<5W(J3N7vE4K�p$GW3O(�BJ36R.36;y(C/WGW9&BC90,./W/WBC1�|L3O`F,V7J36145�*-,.(�,V(J(J>?`f9<;fZ8E.1s36BC3O^�,.AOb&1';5��>�AI365
14BJ;W9<B�7:1P;W9<BJ3Oq.9+,sb&9&587JB:,.A¯,.5W,.AOEQ7:3ObH/I,V36B�/21.7:9<587:3a,VA?Z29<7v*e9&9&5'7:GW9W/����n`'14A69<b&>WAO9&(&K©�)(�3O5Q7J9&BJ,.b<7J36145
Z]9r7v*H9<9&5x/I,V36BJ($1V^	b&,.BJZ2145=,V7:14`'(-145l;W3N\o9<BJ9&5870`'14A69<b&>WAO9&(-GW9j,.(C(J>W`'9&;X, ���Um�A63Oc.9¦/21.7:9<587:3a,VA*	}_�4��� + ª� � ® %� ¬ � V }J=WK5- &8�
*+GW9&BC9�7JGW9�qV,.A6>W9<( 1.^ ª ,.5W; % ,.BC9�cg5?1�*+5P^_BJ1.` (Y7:>W;W3O9&(�145sR4BJ,./WGW3N7:9+} ª � ³ � � M�& � ��� 9<BJR4b<` � V % �?f?L�#� � � M�& � ¬ � ) 9<BJR4b<` ¬ �r�£K{�v5¤7:G?9=(C`f9&,.BJ9<;{14>L7f(C/WGW9<BJ36b&,.A0,./W/WBC1D|?3O`F,U7:361.5 k 1P3OBJ3N^�,.A6b<1 ;5�@>�A0GI,.(
(JGW1�*+5!7:GI,V7$7JGW9s36587J9&B:,Vb<7:3O145�Z29<7v*e9&9<5=7v*e1u^_>?A6A69<BJ9<5W9¦`'14A69<b&>WAO9&(H*+3N7:G � bD,VBJZ2145l,V7:14`'(-b&,.5!Z]9
36587:9<R4B:,V7J9&;x1�q.9&B)7JGW9�7v*e1[36587:9<B:,.br7:3O5WRF(C/WGW9&BC9&(P,.5?;XA69&,.;W(07:1[,.5x,.5I,.ANEg7J36bP9<\]9&br7:3Nq49y3O5Q7J9&BJ,.b<7J36145
/]1.7J9&587:36,.A 1.^ 7:G?9P^_1.BJ`*	}��.��� + ��� M� } � + M�� � ®

M� } � ® M�� �
+ �� "�� ® (�� M� } � + M��	� ® M� } � ® M��	� + �� ¬ � � � }J=WK5-?M��

�@9&BC9 � � �6 V � ��
 ° -¬ � 6� V ({� 
 ° R� � 6 O° k � ,.5W;���,.BC9y7:GW9u5Q>W`yZ29&Bs1V^Hb&,.BJZ2145 ,V7:1.`f(u} � �"[ &�^_14B/����&�-,V5W;l7JGW9P;W3a,V`f9r7:9&B<k?BC9&(J/29&br7:3Nq49&ANE4k¯1.^ 7:GW9s^_>WAOA69<BJ9&5?9s`f14AO9&b<>WA69<(&K&=1.A69&b<>WAa,VB@;?Eg5I,V`f3Ob�} & �P�0(C36`y>WA6,V7:3O145W(3; ��-\A©GI,Dq49yZ29&9<5�bD,.BCBJ3O9&;x14>L7¦Z21.7:Gl^_14B@7JGW9h(C/WGW9&BC3Nm
bD,.AO36z&9<; 1P3OBJ3N^�,.A6b<1�/21.7:9<587:3a,VA]*+3O7JG[145WANEF145?9s36587:9<B:,.br7:361.5[(J3O7J9s,.5W;[7JGW9¦^_>WA6A [ &Um�(J3N7:9¦`'1L;?9&A]*+G?9&BJ9
7:GW9@36587:9<B:,.br7:361.5FZ29<7v*e9&9&5�7v*e1�/����$`'14A69<b&>WAO9&(�36(nBJ9</WBJ9<(J9<5Q7J9&;l,.(n7:GW9@(J>W` 1�q49<BH7:GW9@36587:9<B:,.br7:3O145W(
Z]9r7v*H9<9&5�,.AOAo1.^ 7:G?9jb&,.BJZ2145=,V7:1.`f(-1.5=145?9s`f14AO9&b<>WA69)*+3N7:G[7:G?14(J9j1.^ 7:GW9s1.7JGW9&B<kW7:GW9P3O5Q7J9&BJ,.b<7J36145
Z]9r7v*H9<9&5 /I,.3OBJ(P1.^HbD,.BCZ]145�,V7J14`f(P145�;W3O\]9&BC9&587j`f1.A69&b<>WA69<(PZ]9<365WRl;W9&(Cb&BC36Z29&;�Z8E 9&T¯Ke}�=?K#- &4�rKF�v5
7:GW3O(H(C7J>W;?Ef3O7n*-,V(-b&145LtIBJ`'9&;F7JGI,V7n7:GW9@b&9<5Q7J9&B mv1.^ `f,.(J(e/I,.36B�;W3O(C7JBJ36Z?>?7:3O145'^_>?5Wb<7J36145

]
}_�4�	^_14B�7:GW9

^_>WA6A[ &Umv(C3O7J9-`f1g;W9<A?36(	5W9D,.BCAOE�36;W9<587:36b&,.AL*+3N7:G�7:GW,V7�14Z?7:,.365?9&;y^_BJ1.` 7JGW9W1P3OBJ3N^�,.A6b<1)/21.7:9<5Q7J3a,.A�K�p$Gg>?(
7:GW9�>W(J9y1V^�7:GW9�b&9<5Q7JB:,.A©/I,.3OB0/21.7J9&587:36,.A mH*+GW3ObdG�BJ9</WBJ9<(J9&587J(P,.5X9<5W14BJ`'14>W(@(J3O`f/WAO3OtIb&,V7:3O145Fme*-,.(�C>W(C7J3OtI9<;l^_14B$(C>WZW(C9&TQ>W9&587s(Y7:>W;?369&(<K



� � ����7 ���	��
����������
������������������������ �"!#���%$������

1 1,2 1,4 1,6 1,8 2

r/σ

-2

0

2

4

φ(
r)

/ε

Girifalco
Lennard-Jones

A	3OR4>WBC9 =WKL=Wi���b<14`f/W,.BJ3O(J145[1.^�7JGW9�M���m [ � ��/21.7J9&587:36,.A�}_(J14AO36;�AO365W9D�e,.5W;[7JGW931P3OBJ3N^�,.A6b<1�/21.7:9<587:3a,VA
^_14B3/�����}�;I,V(JGW9<; A63O5W9��£K�p$GW9f/21.7J9&587:36,.A�9&5W9<BJR.E§3O(P9r|L/WBJ9<(J(C9&; 3O5�>W5?3O7:(P1.^n7:G?9'*e9&AOA�;W9&/?7JG k©7JGW9
BJ,.5WR49s3O5l>?5W3O7J($1.^	7JGW9Pz&9&BC1u1.^	7JGW9P/]1.7J9&587:36,.A±K

�)(�b&,.5�Z29$(J9&9<5f3O5htIRWKW}�=WKL=Q�£k47:GW9 1s36BC3O^�,.AOb&10/I,.3OB	/21.7:9<5Q7J3a,.AL;W3O\]9&BC(�(J3OR45W3NtIbD,.587JAOEP^_BJ14` 7:G?9 ���
145?9.K	�v5�7:GW9�tIR4>WBC9HZ21.7:Gh/]1.7J9&587:36,.A6( ,.BC9e;?B:,D*+5�365jBJ9<;W>Wb&9<;�>W5W3N7:(©7J1)9<5I,.ZWAO9H,0b&14`'/I,.BC36(J1.5h1.^W7JGW9
(CGI,./29.KBAIBJ1.` 7:G?36(�tIR4>?BJ9-7:G?9+^_1.A6A61�*+3O5WR);W3N\o9<BJ9<5Wb&9<(eZ29&b<14`f9$9rqg36;W9<5Q7&i	7:G?9$B:,V7J361s1.^27:GW9$*+3O;?7:Gu1.^
7JGW9¦,V7C7:BJ,.b<7J3Oq490*H9<A6A¯7:1j7:GW9@9&TQ>W36AO36ZWBC36>W` ;W36(Y7d,.5Wb<9)3O(H`y>WbdGFA69&(C(e^_14Bn7:GW90/����Jm /����$3O5Q7J9&BC`f14AO9&b<>WAa,.B
/21.7:9<587:3a,VA�7:GI,.5§^_14Bs7:G?9 � �=145?9.K�p$GW3O(P36(P36`'`f9<;W3a,U7:9&ANEXb<A69&,.B&k (J3O5Wb&9u7:GW9'36587J9&B:,Vb<7:3O145§B:,.5?R49f3O(
;W9r7:9<BJ`'365W9<;FZ8Eu7:GW90/nm /{3O5Q7J9&BJ,.b<7J36145fB:,.5WR.9.kQ*+GW36AO9+7JGW9);?3a,.`'9<7J9&B�1.^ 7JGW9)BC9&/W>WAO(J3Nq490b&14BC9)36(�t?|L9&;
Z8E�7:G?9@(C36z&901.^]7:GW9 /����H`'14A69<b&>WAO9.K A¯>?BC7:G?9&BJ`'14BC9+*e90(J9&907:GI,U7n7JGW90BJ9&/?>WA6(C3Oq49+*H,.A6AI1.^]7:GW9 /����:m /����
3O5Q7J9&BJ,.b<7J36145 3O(h`y>?bdG¢(Y7:3N\o9<B&K��v5 ^�,.br7y7:GW9f*H9<A6AH;?9&/?7JG¢1V^07JGW9�3O5Q7J9&BC`f14AO9&b<>WAa,.Bj36587J9&B:,Vb<7:3O145 }�,V7
³ �gM�- �j�$3O(-7v*H1'14BC;W9&BC(01V^	`f,.R45W3N7:>W;?9sAa,.BCR49&BH7JGI,.5!7:GI,U7+1.^©7JGW9P36587:9<B:,V7J14`'36b /nm�/~36587J9&B:,Vb<7:3O145 K4L3O5Wb&9u7:GW9 /����y/I,V36BP/]1V7:9&587J3a,.A�;W3N\o9<BJ(j365 `F,V5QE§BC9&(C/]9<b<7:(�^_BJ14`�7JGI,V7�1.^-(C`F,VA6A69<Bs`f1.A69&b<>WA69<(
7JGW9�A63OTg>?36;Lm±q.,V/]14B0/WGI,V(J9uZ]9<GI,Dqg3614Bs1.^ /����P*-,.(P9£|?/29&br7:9<;�7:1!;W3N\o9<BsTQ>I,.A63N7d,V7J3Oq.9&AOE!^_BC14` 7JGI,V7P1.^
,l(J36`'/WAO9�:W>W36;�A636cV9F,VBJR4145oK)AI>WBY7:GW9<B&k©(J365?b&9f7JGW9FAO36TQ>W3O; BJ,.5WR49f9r|L/WBC9&(J(C9&;¤Z8E T b � T�� }_*+G?9&BJ9 T b3O(@7:G?9hb&BC3O7J36bD,VA /2143O5Q7@7:9<`f/29&BJ,V7:>WBC9y,.5?; T�� 7JGW9�7JBJ36/?A69j/]143O587)7:9<`f/29&BJ,V7:>?BJ9��+;W9&/29&5?;W(s365�,'q49&BYE(C9&5W(C3O7:3Nq49u*-,DE§145 7:GW9u5I,U7:>WBC9f1.^e7:GW9'36587J9&BJ`'14AO9&b&>?Aa,.B)^_1.BJb&9<( ;>=\An3N7s*-,.(j9<q.9&5 (C/]9<b&>WA6,V7:9<;�7JGI,V7/����¦`'36R.GQ7+Z29�,f(J>?ZW(C7:,.5Wb&9�*+3O7:Gl5W1fA636TQ>W3O;!/WGI,.(C9y,V7),.A6A ;C- &gk7-LM�A±KH� (C36`'36Aa,VB-(J3N7:>I,V7J36145!1gb&b<>WBJ(
3O5�,�q.9&BCEF(JGW1.BC7-BJ,.5WR49<;[�0/ � :I>W36;f*+GW9&BC9¦3O7eGI,.(-Z29&9<5[(J9<9&5�7:GW,V7H7JGW9¦A63OTQ>W36;'/WGI,.(C9¦;W3O(:,./W/29D,VBJ(
^_14B$A6,.BJR.9)qV,.A6>W9<(+1.^©7JGW9P;W9&b&,DE!A69&5?R.7:G#;C-8�gk�- ³ A±K

�@/'7:1�5W1�*PkL(C9<q49<B:,.A],V7C7:9&`'/?7J(eGI,Dq.9)Z29&9&5F`F,.;?9+7J1hb<Aa,.BC3O^ Eh7JGW36(�(C3O7:>W,V7:3O145 K 	�GI,V(J9);?3a,.R4BJ,.`'(
GI,Dq.9lZ29&9<5¤;W9<7J9&BJ`'365?9&;¤Z]1V7:G *+3O7JG 7:GW9<14BJ9r7:36b&,.AHb&,.A6b<>WAa,U7:361.5W(y,.5?;¢(C36`y>?Aa,V7J36145W(<k	ZW>L7�7:GW9[tIBC(C7



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � �

BJ9&(C>WAO7J(s*H9<BJ9uB:,V7JGW9&B)b&14587:BC1�q49&BC(J36,.AW; -\=Wk - &Lk -?M A�K�� G?36A69 & � (J36`h>WAa,V7J36145?()b&1.`yZW365?9&;x*+3O7JGx7:GW9
7:GW9<BJ`'1L;?Eg5I,V`f3Ob)(J9<AO^am�b&145W(C36(Y7:9&5870� &54L� ,.5W;�7JGW9s9&587JBJ14/W3Ob)^_BJ9<9&z<365WR�b<BJ3O7J9&BC36145§}_(J9<9sZ]9<A61�*@�0;C-�=�A
/WBJ9<;W36br7:9&;�7JGW9)9£|L36(C7J9&5Wb<9s1.^�,hAO36TQ>W3O;f/WGW,.(J9¦3O5�,h5W,.BJBC1�* 7J9&`'/]9<B:,V7J>WBJ9@B:,.5?R49)1.^S,./W/WBC1�|L3O`F,V7J9&ANE
��& & � }_^_BC14`�� M�- &�& � 7:1!��&�& & �j�rk2365x1V7:GW9<B)(J3O`y>WA6,V7:3O145=(Y7:>W;?369&( ; - &�A±k]ZI,.(J9<;§145X7:G?9�1P3OZWZW(
9&5W(C9&`yZWAO9 &l14587:9 /-,.BJAO1�7:9&bdG?5W36TQ>W9Vk©7:G?9u^_BC9&9<z&365?R=AO365W9y*H,.(s^_14>W5W;§7:1l/I,.(C(�(CA63OR4G87:AOEX,.Z21�q49�7:GW9
}�`'9<7d,V(C7d,VZWA69D�@b&BC3O7:3ObD,.A�/21436587s1V^�7:GW9 ��g Z?365W1g;I,.A�k]7:GQ>W(s3O`f/?AOEg365WRu7:GW,V7¦7:G?9./����j;?1L9<(s5W1.7s9£|?3O(C7
365l,'(Y7d,.Z?A69sA63OTQ>W36;[/WGW,.(J9j,.5W;!7:GW,V7+;W36BC9&br7@(C>WZWAO36`f,V7:3O145F1gb&b<>WBJ($^_BJ1.` 7:GW9P(C14A63O;�7:1�7:GW9sqV,./214B&K4L3O5Wb&9)Z]1.7JG[(C7J>W;W369<(+GI,Dq49sZ29&9&5l`f,.;W9)^_14Be9r|?,.br7:AOEf7:GW9s(J,.`'9¦(CEg(C7J9&`lkI5I,.`'9&ANEf7JGW9 1s36BJ3N^�,.A6b<1
/]1.7J9&587:36,.A±k87JGW9&(C9¦b&14587JBJ1�q49<BJ(J36,.A2BJ9&(C>WAO7J(e*e9&BC9¦B:,V7JGW9&Bn/W>Wz<z&AO365WRh,.5W;F(Y7:3O`y>WAa,U7:9&;F,�(C9&BJ3O9&(e1.^S1.7JGW9&B
7:GW9<14BJ9r7:36b&,.A$,.5?;¢b<14`'/W>?7:9<B�(J3O`y>WAa,U7:361.5�3658q.9&(C7J36R8,U7:361.5W(&K AI>WBY7:GW9<By7:GW9<14BJ9r7:3ObD,.Ae(C7:>?;W369<(u^_1.Bh7:GW91P3OBJ3O^�,VA6b&1!/21.7:9<587:3a,VAn*e9&BC9[ZI,.(J9<;¤145 ;W9<5W(J3N7vE�^_>W5Wbr7:3O145I,.A�7:GW9<14BCE�}A�'A©p0� ;C-S?�A�k�145 7:G?9 &X� Y /
7:GW9<14BCEZ;C-f[�A�k�7:GW9l� �©p ;C-.� A�?$b&14`'/W>?7J9&B�(C36`y>WA6,V7:3O145 3O5Qq.9&(Y7:36R4,V7:3O145W(y*e9&BJ9!ZI,V(J9&;{Z]1V7:G¤145 7:GW91P3OBJ3O^�,VA6b&1)/]1.7J9&587:36,.A ;C- -Lk�-�>\A¯,.5W;'145f,s`f14BC9$BJ9rtI5W9&; ��� �%
��%� �B� /]1V7:9&587J3a,.A ;C> & A±K��@A6A?7JGW9&(C9@(Y7:>W;?369&(
GI,Dq49ub&145LtIBJ`'9&;�7:GW,V7 /�����(CGW14>WAO;�/]1.(J(J9<(J(�,�(C7:,.ZWA69�AO36TQ>W3O;x/WGI,.(C9u,.5W;�7:GW,V7s7:GW3O(¦A63OTQ>W36;x/?GI,.(J9
36(¦b<145?tI5W9<; 7J1!,�B:,V7JGW9&B)(J`f,.A6A�7:9<`f/29&BJ,V7:>WBC9yB:,V5WR49�b&1.`f/I,VBJ9&;x7J1�7:GW9�q.,VA6>W9y1V^n7JGW9�9&(Y7:3O`F,V7J9&;
b&BJ3N7:3ObD,.A07:9&`'/29&B:,U7:>WBC9¢}_7:G?9 A6,V7J7J9&BF^_9&,V7:>?BJ9�Z29&365?R{, b<145W(C9&TQ>W9&5?b&9 1.^P7JGW9�q49&BYE (JG?14BC7lB:,V5WR49&;
36587:9<B:,.br7:361.5 /]1.7J9&587:36,.A0Z]9r7v*H9<9&5 7:GW9 /����!`'14A69<b&>WAO9&(d�£K ��7!(JGW1.>WA6; Z29x5W1.7J9&; GW9<BJ9.k+7:GW,V7[3O7F36(
(C7:3OA6A�,.5 >W5W(C9<7C7:A69<;�TQ>W9<(C7:3O145�*+G?9<7:G?9&B�7JGW36(PAO36TQ>W36;�/?GI,.(J9f9r|L36(Y7:(j9r|L/29&BJ3O`f9<587d,.AOAOE2iP365§7:GW3O(jG?36R4G
7:9&`'/29&B:,U7:>WBC9jBJ,.5WR49¦7JGW9 /����)`'14A69<b&>WAO9&($`'36R4G87$5?1.7+Z]9P(Y7d,.ZWAO9.K

�+9&b<9&587:ANE4kn,.A6(C1x7:GW9F/WGI,.(C9lZ29&GW,�qg3O14By1.^ / ����� ��^_>WAOA69<BJ9&5?9&(h*H,.(u(C7J>W;W369<;Z; >?M�A-7:G?9&14BC9<7:3ObD,.AOAOE.k
,.5W;x3N70*H,.()^_1.>W5W;=7JGI,V7"/

�
�s,.A6(C1F/214(J(C9&(C(J9&(P,'(C7:,.ZWA69jA63OTQ>W36;l/WGI,.(C9y,.5?;X7:GI,U7@7JGW9�7J9&`'/]9<B:,V7J>WBJ9

B:,.5WR.9-*+GW9&BC9+7JGW36(�/?GI,.(J9+9£|?3O(C7J(�36(�*+36;?9&B�,.5?;u7JGW9+b&BC3O7:3ObD,.Ag/21436587�1gb&b<>WBJ(n,V7�G?36R4GW9<B�7:9<`f/29&BJ,V7:>WBC9&(
7:GI,.5l365[7JGW9PbD,.(C9j1V^2/�����K4L3O5Wb&9�7JGW9#4C/ wP¡ � 3O(!cg5?1�*+5~7:1¤BJ9<`F,V365 GW36R.GWAOE ,.b&b<>WB:,U7:9 365 7:GW9§b<BJ3O7J36b&,.A¦BJ9<R4361.5 k)3N7[36(
1.^P36587:9<BJ9<(C7F7J1 ,./?/WAOE¤7:G?36(u7:GW9<14BCE¢7:1 7:GW9=bD,.AOb&>WA6,V7:3O145{1V^¦7:GW9=/WGI,.(C9xZ29&GI,Dqg3614Bf1.^¦7JGW9 / ��� ���^_>WA6AO9&BJ9<5W9&(s>?(J365?R!7JGW9ub&9<5Q7JB:,.A 1s36BC3O^�,.AOb&1'/]1V7:9&587J3a,.A	,.5W;§7:1[b&1.`f/I,VBJ9y7:G?9�BJ9&(C>WAO7J(s*+3O7:G�7JGW14(J9�1V^
/WBJ9rqL3O14>W(�(C7J>W;W3O9&(&K	p$GW9+/I,.B:,V`f9r7:9&BC(�1.^27:GW9$/21.7:9<587:3a,VAW9&T¯K2}�=?K#-?M�� ^_14B	7JGW9+;W3O\]9&BC9&587�^_>WA6AO9&BC9&5W9<(�,.BJ9
7d,.cV9&5�^_BJ14` ;C>?M�A�,V5W;§,.BJ9hR43Oq.9&5�365x7:,.ZWAO9[}�=?K �4�£K A	36R?K�}J=WK ?.�0(JG?1�*+(s7JGW9h^_>WAOA69&BC9&5W9h/]1.7J9&587:36,.A6(@365
BJ9&;?>Wb&9<;�>W5W3N7:(&K	��7eZ29&b<14`'9&(�qg36(J3OZWA69-7JGI,V7�7JGW9@3O587:9&BJ,.b<7J36145uBJ,.5WR49$;W9<b&BC9D,.(C9&(H^_14B�7JGW9+GW36R.GW9&B�14BC;W9&B
^_>WA6AO9&BJ9<5W9&(<K 4L1�1.5W9y`'36R4G870(J/29&b<>WAa,V7J9h7:GW,V7)7JGW9yA63OTQ>W36;lB:,.5?R49y1.^�7JGW9yGW3OR4GW9<B)14BC;W9&B0^_>WA6AO9&BJ9<5W9&(@36(
9<q49<5X(C`F,.AOA69<BH,.5?;!7JGW36(H36(-9£|W,Vb<7:ANEf7JGW9sZ29&GI,Dqg3614B-7JGI,V7-*e9¦^_14>W5?;!*+G?9&5!>W(J3O5WR�7:GW9"4C/ wP¡ � ??7JGW36(
BJ9&(C>WAO703O($365!b&14587JB:,.(Y707J1u/WBJ9rqL3O14>W(+BJ9<(J>WAN7:(+/WBC9&(J9<587:9&;X365#; >LM�A±K

�v5�,V5�9<\]14BC7@7:1[,./?/WAOEl14>WB04C/ wP¡ � (CbdGW9&`'9y7:1F7JGW9�1s36BC3O^�,.AOb&1�/21.7:9<5Q7J3a,.A�k2*e9yGI,Dq.9u,./W/WBC1�|Qm
36`f,V7:9<;l7JGW9hGI,VBJ(JGXBJ9&/?>WA6(C36145l1.^�7JGW36(036587:9<B:,.br7:3O145=Z8E=,F� 4l3O5Q7J9&BJ,.b<7J36145 *	}_�4�e�+* ^_14B@� � �
��k
*+GW9&BC9 �
�$36(n7:GW9¦9<TQ>W36AO36ZWBC36>W` ;W3O(C7:,.5Wb&9)Z]9r7v*H9<9&5[7v*H1y^_>?A6A69<BJ9<5W9)`'14A69<b&>WAO9&(1?g7JGW9s,V7C7:B:,Vb<7:3Nq49)7:,.36AO(



�	� ����7 ���	��
����������
������������������������ �"!#���%$������
� �!� � � Q@R � (/���� &?K#�LM &?K5>S?�>�> ³ �LM�- �\=WK5>�= M ³ ?LK5>S?/

�
� &?K#��[8� M.K#&?M.M ³ [S? ³ [f[?K#� ��>?K²� ³/
�
� &?K4�@> >?M M.K#&�= - ³ - & - ?�>?K²� ?4�LK5-.�/�� " &?K#-\=.&?M M4K5& - >�& =.& -?M ? ³ KX?�[ ³ ?LKL=Q�/ � � &?K5- > -LM �  � M4KNM =S[ - �  � =�=S[.� �  � =S[LK#- ³ � �� � � ��&?K#�\=

p©,.ZWAO9 =WK²�Li 	©,.B:,V`f9r7:9&BC(¦^_14B@7JGW9.1s36BJ3N^�,.A6b<1f/21.7J9&587:36,.A ^_1.B¦;W3O\]9&BC9&587¦^_>WAOA69<BJ9&5?9&( � � k���� [ &?k ��&Lk��[Lk -�=�,V5W; >f[?K ��36(j7:GW9f;W3a,V`f9r7:9&Bj1.^$7JGW9f^_>WAOA69<BJ9&5?9&(&k �
�y36(j7:GW9f/]1.36587y1.^-z&9&BC1�/]1V7:9&587J3a,.A�k �
3O(j7JGW9�;W9</?7:G 1V^$7:GW9f/]1.7J9&587:36,.A � V ( ,.BC9FR43Nq49<5 365 7:GW9'7:9r|g7�?e;W3O(C7:,.5Wb&9<(�,.BC9F9r|L/WBC9&(C(J9&;¤3O5 5W`lk
7J9&`'/]9<B:,V7J>WBJ9<($365 ��kW,.5?;)��,.5W; (�3O5[>W5W3N7:(-1.^nM�& � ¬ ) ,V5W;§M�& � ¬ � 9&BCRWk?BC9&(J/29&br7:3Nq49&ANE4K)}�,8�£i	qV,.A6>?9&(7:,.c.9<5l^_BC14` ;C>8� A ,.5?;lb<14BJBC9&br7:365?R'7JGW9sq.,VA6>W9<(-^_BJ14` ;C>?M�A±K@}�ZI�ri�b&1.BJBJ9<b<7J365WR',u`f3O(J/WBC36587$1.^ ; >4��A±K
*e9&BC9jtW7C7:9<;=Z8E!,uA63O5W9D,.BHb&14`yZ?365I,V7J36145F1.^ ³ � >WcU,D*-,V(&Knp$Gg>?(0*e9h,VBJ9s;W9&,.A63O5WRu,.R8,.3O5[*+3O7:Gl,�/I,.3OB
/21.7:9<587:3a,VA 1.^	�0/ ³ � ^_14BC`*	}_�4��� 89 : * � � �
�

� ¬ � � � �� ° ���� 0�� ��
+ � � � ����R���� 0�� ��

+~} M +¤� � � � ���	R���� 0�� ��
� ��� �
� � }J=WK#-4�4�

p$GW9sqV,.AO>W9&($1.^ 7:G?9Pt?7+/I,.B:,V`f9r7:9&BC(0� ¬ V � � V ¥ � V ¥ � ,V5W;l¥ " ,.BC9s(J>W`'`f,.BJ3Oz&9&;!3O5�7d,.ZWAO9'}�=WK ³ �e^_14B-7JGW9� ¬ � �
� � � ¥ � �
� ¥
�
�
� ¥ " �
�/���� M4K#�\=@?�- &?K5>8��& > =@?LKNM�- - > �LKL=WM���> �LKNM [�=.-/

�
� M4K5- > &f[ &?K5- ³ �4� =Q�LK#�4��&S? >?K5&f[?M�- ³ KNM�>.� �/
�
� M4K5- -?M"� &?K5- ³ =�� =f=WKL= ³ �\= >?K ³ � �\= ³ K²��[ ³ ?/�� " M4K5-�=f=f= &?K5-S?4�LM =��LK5& >8� � >?K ³ �f?4� ³ KNM�> ³ &/ � � M4K5-S?�& ³ &?K5-�= ³ - =.>?K²��&.��> >?K5> -8��[ ³ KL=.&.��-

p©,.ZWAO9 =WK ³ i 	©,.B:,.`'9<7J9&BC()1.^�7JGW9�tW7C7:9<;§�0/ ³ � /]1.7J9&587:36,.AS^_14B@7JGW9h;?3O\]9&BJ9<587)^_>WAOA69&BC9&5W9<(&K04L9&9j7:9r|g7
,.5?;l9<TQ>I,V7:3O145�}�=WK5-8�4�£K
;W3N\o9<BJ9<5Q7�^_>?A6A69<BJ9<5W9&(<K	��9+GI,Dq.907JGW9&5'(J14ANq49<;'7JGW9<4C/ wP¡ � ,V5W;uGI,Dq49+7:GQ>W(n;W9<7J9&BJ`'365?9&;�7:GW9+/WGW,.(J9
;W36,.R4BJ,.` ,.5W;�7:GW9�b<BJ3N7:36b&,.A ;I,V7d,LK�p$GW9�b<BJ3N7:36b&,.A /]143O587s/I,.BJ,.`f9r7:9<BJ()^_14B"/����h,.BC9y(J>?`f`f,.BJ3Oz&9<;�365
7:,.ZWA69x}�=WKL=Q�j7J14R49r7:GW9<Bh*+3O7JG 1.7:GW9<Bh7:G?9&14BC9<7:3ObD,.AeBJ9<(J>WAN7:(u,.5W; (C36`y>?Aa,V7J36145�BJ9&(C>WAO7J(&K ��7�(JG?14>WA6; Z29
5W1V7:9&;l7:GI,U7)145?AOE[7:G?9 4C/ wP¡ � ,.5W;X7JGW9y� �	p ,.BC9h,.Z?A69P7:1�,Vb&b&9<(J()7JGW9hb<BJ3N7:36b&,.ASBJ9<R4361.5 kI*+GW9&BC9D,.(
7JGW9!1.7:GW9<B�7:GW9<14BJ3O9&(',.BJ9!5W1V7F,VZWA69[7:1 ,./?/WBJ18,VbdG{7:G?9lb<BJ3N7:36b&,.A-/21436587&i!7JGQ>W(f3O5 7:GW9<(J9lbD,.(C9&(f7JGW9
b<BJ3O7J36b&,.Ao/21436587+/I,VB:,.`'9<7J9&BJ($GW,�q.9�Z29&9<5X14ZL7d,.3O5W9&;!Z8E!9r|g7:BJ,./214Aa,V7J36145oK w >WB-qV,.A6>W9¦^_1.B-7:GW9jb&BC3O7:3ObD,.A
/21436587e7:9&`'/29&B:,U7:>WBC9 T b 36(H365[R41g1L;�,.R4BJ9<9&`'9&587$*+3O7JG�7:GW9s(C36`y>?Aa,V7J36145fBJ9&(C>WAO7J($1.^h; -\=?k�- -gk�- > A�,.5W;
7JGW9sq.,VA6>W9s1.^ 7:G?9jb<BJ3N7:36b&,.Ao;?9&5W(C3O7vE!,.R.BJ9&9<(0*+3N7:G[7:G?9j(C36`y>?Aa,V7J36145�BC9&(C>WAO7J(01V^ ;C- &Lk�-�-?k�- >\A�K



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� ���

1 1,2 1,4
r/R

0

-1

-0,5

0

0,5

1

φ(
r)

/ε

C
60

C
70

C
76

C
84

C
96

A	36R.>WBJ90=?K ?Li�p$G?9 1s36BC3O^�,.AOb&1h/21.7J9&587:36,.Ao^_14B-7JGW9P;W3O\]9&BC9&587$^_>WA6AO9&BC9&5W9<(03O5!BJ9&;?>Wb&9<;X>W5W3N7:(<K
�v5¢14BJ;?9&Bu7:1 R43Oq.9=,V5{9<(C7:3O`F,U7:9[^_14B�7:GW9!AO1Lb&,V7:3O145 1.^)7JGW9!^_BJ9&9<z&3O5WR�AO365W9�*e9lGI,Dq49X>?(J9&;¢7:GW9

BJ9&(C36;W>W,.A�`y>WAO7J3Nm�/I,.BC7J36b<A69h9£|Lb&9&(C(y9&587JBJ14/8E§^_BJ9<9&z&3O5WRlb&BJ3N7:9<BJ361.5 ;C> ³ Ae,.b<b&14BC;W365?Rl7J1l*+GW3ObdG�^_BC9&9&z<365WR
7d,.cV9&(0/WAa,.b<9s*+GW9&5

� � � �
���

+ � � � & V }J=WK5- ³ �
*+GW9&BC9j7JGW9P/I,.BC7J3a,.Ao9&587:BC14/8E!BJ9&(C>WAO7J365WRy^_BC14`�7JGW9Pb&14BCBJ9<Aa,V7J36145[Z29<7v*e9&9<5�,�/I,.36B$1V^	/I,VBC7:3Ob&AO9&($36(� � � +)�1( H , .� � � }

]
}��.�?A65

]
}��.��+ ]

}_�4� ® M�� � � }J=WK5-�=Q�
,.5W; �

���
36(-7:G?9j9£|Lb&9&(C()9<5Q7JBJ14/8E!/29&B+/I,.BY7:3Ob&A69)365!>W5W3N7:($1.^©7:GW9 �H14AN7:z<`F,.5?5[b&145W(Y7d,.587

�
���
� ( H } �6+ �

���
�o� }J=WK5-S?4�

p$GW9=/W,.36Bu;W3O(C7:BC36ZW>L7:361.5 ^_>W5Wb<7J36145
]
}��.�hBJ9<TQ>W36BC9&; 3O5 7:GW9l36587:9<R4B:,VAP}�=WK5-�=Q�hGW,.(fZ29&9<5 b&,.A6b<>WAa,V7J9&;

,.b&b<14BJ;W3O5WRX7J1x,X(Y7:9&/8*+3O(J9[,.AOR414BC3O7:G?` ZI,.(C9&; 145 	©9&BCB:,.`  (h/WBC1Lb<9&;W>WBC9�/WBC14/]1.(J9&;�14BJ3OR4365I,VA6AOEl^_14B
�04L( ; >�=\A±K �	|L/WAO36b&3N7s^_14BJ`h>WAa,.9y^_1.Bj3N7:(jR49&5?9&B:,VA636z&,V7:3O145x7:1!7:G?9��0/ � bD,V(J9Fb&,.5�Z29u^_14>W5W; 365§7:GW9
�)/W/29&5W;?3N| ��1.^	;5��?�A±K2/-,.BJ9¦GW,.(H7:1hZ]9)7:,.c.9<5�*+GW9&5[7JGW9)(Cb&BJ9<9&5W3O5WR�A69<5WR.7JGW(-1.^S7JGW9 � >WcU,D*H,�7:,.36AO(
,.BJ9P1.^	;W3O\]9&BC9&587014BJ;W9<BJ(+1.^©`F,VR45W3O7J>W;W9P,.(+3N7+36(-7:G?9jb&,.(J9j365!14>?B0(YEg(C7:9<`f(h}�(C9&9P7d,.Z?A69'}�=?K ³ �C�rK%AI14B
36`'/WA69<`f9<5Q7J365WRf,F5Q>W`'9&BC36bD,VA6AOE�(C7d,VZWA69h,.A6R41.BJ3O7JGW` *e9yGI,.;=7:1�BC9&14BC;W9&B)7JGW9h(C>W`'`F,V7J36145l1�q49<B)7:GW9
� >WcU,�*H,�7:,.36AO(�1Lb<b&>WBCBJ365?R�3O5'7JGW9&(C9@9£|?/?BJ9&(C(J3O145W(&K%AI14B�7:G?9@;W3O(Jb<BJ9<7J36z<9&;F/W,.36B�;W3O(C7:BC36ZW>L7:361.5y^_>W5Wb<7J36145]
}_�4�e,uR.BJ36;[(C/I,.b<9j1V^ &?�5& &S?U�x*-,.(+bdGW1.(J9&5=,.5W;[*e9PGI,Dq49j9<qV,.A6>W,V7:9<;�7:GW9P36587J9&R4BJ,.5W;!365[9<T2K }J=WK5-�=Q�
>W/f7J1y��&V��K	��90GW,�q.9)bdGW9<bdc.9<;�7:GI,V7�7JGW9@9£|g7:9&5?(J361.5F1.^]7:GW9036587:9<R4B:,V5W;'7J1�G?36R4GW9<B�q.,VA6>W9<(n1V^ �¦;W1g9&(
5W1.7sbdGI,V5WR49h7JGW9hqV,.A6>?9�1.^�7JGW9y3O5Q7J9&R4BJ,.A±K0p$GW9�3O5Q7J9&R4BJ,.Ae}�=WK5-�=Q�$*-,V(¦9<qV,.AO>I,V7:9<;Xqg3a,f7JGW9�4L3O`f/?(J145
BJ>WAO9.K



�H� ����7 ���	��
����������
������������������������ �"!#���%$������
4C/ wP¡ � � &54L� &X� Y / � �	pT b } �j� M�>S?�� �j��&S?@& ��M�>8��& �gM ³ -H b ; 5W` ��� A &?KL= ³ � � &?KX?�[ &?KX?�&& � &5/ 1c� &5/ YWg)p &5/T b } �j� M > & &���M�& & M"�@> -���M�& M�>4��&UmdM >�=.& M > - &H b ; 5W` ��� A &?KX?�[�� &?K5&f[ &LKc=Q� &?KL=Vm &LKc=@? &?KL=f=

p©,.ZWAO9"=WKc=?i /HBJ3O7J36b&,.Ao/I,VB:,.`'9<7J9&BJ(+1.^ 7:G?931P3OBJ3O^�,VA6b&1�/]1V7:9&587J3a,.Ao^_1.BW/����¦,.($/WBC9&;W3Ob<7J9&;lZQE 4/ wj¡ ��k
� &54L� ; -�=�A±k &X�<Y0/ ;C-f[\A�k2� �	p ; - ��A±k��'A	p,;C-S?�A�k &
� ;C-�=�A�k &5/ ;C- &\A�k 1s36Z?ZW($9&5W(C9&`yZ?A69'&=14587:9/-,.BCA61§} 1*� &5/$� ;C- -\A	(J3O`y>WAa,U7:361.5W(¦,.5?; YWg¦p,&=14587J9 /-,VBJA61F(J36`h>WAa,V7J36145?(y}�YWg¦p &5/$� ;C- >�A�Kh�v5
7JGW9 &5/~(Y7:>W;?E!1V^ ;C- &\A 7JGW9Pb&BC3O7:3ObD,.A]/]1.36587+36(+,�`'9<7d,V(C7d,VZWA69s145?9.K

p$GW9�b<1L9£|L36(C7J9&5Wb<9[b&>WBYq49Vk�7JGW9F(C/W365?1L;I,VAeAO365W9f,.5W;�7JGW9F^_BC9&9&z<365WRXA6365?9fR43Nq49<5 Z8E�7JGW9 4C/ wP¡ �
,.BC9u/WA61.7C7:9<; 3O5 tWRWKn}�=WKc[8�£Kfp$GW9u7:BC36/WAO9y/21436587j/I,.BJ,.`f9r7:9<BJ(&kS7JGI,V7�,.BJ9'14Z?7:,.365?9&;§Z8E§36587:9<BJ(J9<b<7J36145
1.^H7:GW9fA636TQ>W3O;§ZWB:,.5?bdG�*+3O7JG�7:GW9u^_BJ9<9&z<365WRxAO365W9Vk	,VBJ9'R43Oq.9&5 3O5�7d,VZWA69=}�=?K ?4�¦7:1.R49<7JGW9&Bj*+3O7:G�1.7:G?9&B
BC9&(J>?AO7:(<Kj� G?36A69h14>WB)qV,.AO>W9y1.^�7:G?9y7:BJ3O/WA69�/]1.36587¦;W9<5W(J3N7vE�36(@BJ9&,.(J145W,.ZWA69y*+G?9&5§b&14`'/I,.BC9&;�7:1�7JGW9
1.7JGW9&B$BC9&(C>WAO7J(&kI14>WB$7JBJ36/?A69¦/21436587$7J9&`'/]9<B:,V7J>WBJ9s3O($`y>WbdGlA61�*H9<B$7:GI,.5l365[7JGW9P(J36`h>WAa,V7J36145f(C7J>W;W369<(&K4/ wj¡ � �0&54g� &X�<Y0/ � �	pT�� ; � A M ³ - - M"���\= M [8�@& M�>.�@>H � ; 5W` ��� A M.K#& ³ &?K5>�=f= M4K5& & &?K5-�=.-&
� &5/ 1*� &5/ Y g¦p &5/T�� ; � A M�- & & � M ?�& &�mdM"��&�& M�- -�&H � ; 5W` ��� A �uM � &?K5>?M<m:M &?K#�\=
p©,.ZWAO9 =?K ?Li=p©BC36/WAO9[/]1.36587'/I,.B:,V`f9r7:9&BC(f1V^)7:G?951s36BC3O^�,.AOb&1�/21.7:9<5Q7J3a,.A-^_1.B /����F/WBJ9<;W36br7:9&;{Z8E¢7JGW94C/ wP¡ ��k©� &54L� ; -�=\A±kG&X� Y / ; -f[ A±k	� �	p ; -.� A±k_�'A	p ;C-S?�A�k2& � ; -�=�A±k�&5/ ;C- &\A�k21c�	& / ; -�-\A
(C36`y>WA6,V7:3O145W($,V5W; Y g¦p &5/~(J36`h>WAa,V7J36145?( ; -�>\A±Ke�v5=7JGW9 & / (C7J>W;?E!1.^ ; - &�A©5?1fAO36TQ>W36;!/WGW,.(J9�,.5W;
7JGg>?(05?1'7JBJ36/?A69¦/21436587$*H,.($^_14>W5W;oK

p$GW9n/WGI,.(C9e;?3a,.R4BJ,.`'( 1.^?7JGW9n1.7:GW9<BS^_>WA6AO9&BJ9<5W9&( ,.BC9�(JGW1�*+5h3O5jtWR4(&Kg}J=WK4�.��,V5W;�}J=WK5-8� ?U7:GW9nb&BC3O7:3ObD,.A
/214365870,.5?;l7JBJ36/?A69¦/214365870/I,.BJ,.`'9<7:9<BJ(0,.BC9sb&14`'/I,.BC9&;!*+3O7:G!7:G?9jBC9&(C>WAO7J(@1.^©�)Z?B:,.`'1 ��� ��798 ; >?M A�365
7:,.ZWA69j}J=WKc[8�rK©p$GW9&3OBnBC9&(C>WAO7J(�^_1.B /

�
�HGI,Dq490Z29&9&5'14Z?7:,.365?9&;uZ8E�7:GW9<&X�<Y0/¢7JGW9&14BYEu,.5W;'Z8E.1c�	& /

(C36`y>WA6,V7:3O145W(<kQ*+G?36A69@7:GW14(C9¦^_14BH7JGW9P1.7:GW9<BH^_>WAOA69&BC9&5W9<(-*H9<BJ9j,./W/?BJ1D|L36`f,V7:9<;[ZQE�,.(J(C>W`'365WRu,yA6,�* 1.^��b&14BCBJ9<(J/2145W;W3O5WRf(Y7d,V7J9&(1OK$p$GW9jb&1.BJBJ9<(J/2145W;W3O5WRF(Y7d,V7J9�Z29&GW,�qg3O14B$*-,.(@`f1V7:3OqV,V7J9&;!365!7:G?9j^_14AOA61�*+365?R
*H,DE]i�Z8E 36587JBJ1g;W>Wb&3O5WRlBJ9&;?>Wb&9<; >W5W3O7J( * � � V � �V� V T �'� Q�T � �y,.5?; H �F� H � �� 7JGW9 /����u,.5W; /

�
�

3O5Q7J9&BJ,.b<7J36145 /21.7:9<587:3a,VA6(yAO1L14c§q49<BCE¤(C36`'36Aa,VBh,.5?;¤7JGW9!b&BC3O7:3ObD,.An/21436587u/I,.BJ,.`'9<7:9<BJ(�;W3N\o9<B�Z8E A69<(J(



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � 

0 0,2 0,4 0,6 0,8 1 1,2

ρ[nm
-3

]

1000

1200

1400

1600

1800

2000

2200

T
[K

]

A	36R4>?BJ9 =WKc[?i T + H /WGW,.(J9[;W36,.R4BJ,.` ^_14B�/����';W9<7J9&BJ`'365?9&; Z8E 4C/ wP¡ �hK ��3OTQ>W36;Lm±qV,./]1.B�b<1L9£|?3O(Ym
7:9&5?b&9 }_(J14AO36;¢A63O5W9��£ke(C/W365W1g;I,.Aj}_;W1.7C7:9&;{A63O5W9��£ke^_BJ9<9&z<365WR A63O5W9�}�;I,.(CGW9&; A6365?9��rK /HBJ3N7:36b&,.A-/21436587f,V7
} H b V T b �J�u}�&LKc= ³ �V5W` ��� kNM�>S? � �j�£kL7:BC36/WAO9¦/214365870,V7�} H � V T�� �C�u}YM4K5& ³ 5W` ��� kNM ³ -�- �j�rK
7:GI,.5 M���K 4L1 7:GW9=,.>?7JGW14BJ(f,.(C(J>W`'9&; 7JGI,V7u7:G?9Xb&BC3O7J36bD,VA-/]1.36587f,.5W;{7JBJ3O/WA69[/21436587'/I,.BJ,.`'9<7:9<BJ(
9r|L/WBJ9<(J(C9&; 365!7:GW9<(J9yBC9&;W>Wb<9&;�>W5?3O7:(0(JG?14>WA6;=Z]9j7:GW9j(:,V`f9h,.A6(C1'^_14B+7:G?9hGW3OR4GW9&B+14BC;W9&B0^_>WA6AO9&BC9&5W9<(&K
p	,.Z?A69!}J=WKX[4�@(J>W`'`f,.BJ3Oz&9&(07:GW9y7JBJ3O/WA69h,.5W;�b&BC3O7J36bD,VA©/21436587)/I,.B:,V`f9r7:9&BC()^_14B /

�
��kX/

�
��kX/�� " ,.5?; / � �7:GI,V70GI,Dq.9�Z29&9<5=14ZL7d,.3O5W9&;!Z8El,./W/WANEg365WRy7JGW36( ��b&14BCBJ9<(J/2145W;W3O5WRf(Y7d,V7J9�IBC>WA69¦7J1u7JGW9&(C9j^_>?A6A69<BJ9<5W9&(<K

p$GW9.4/ wj¡ � q.,VA6>W9<(¦^_14B@7JGW9�b&BC3O7:3ObD,.A /21436587)7J9&`'/]9<B:,V7J>WBJ9�/W,.B:,.`'9<7J9&BC(¦1.^h/
�
�j,.BJ9y3O5�R41g1L;

,.R4BJ9<9&`'9&587s*+3O7JGx7:GW9 1*� &5/ BJ9<(J>WAN7:(&k *+G?36A69j7:GW9h;W36(Cb&BJ9</I,.5WbrEx*+3O7JG �²b<14BJBC9&(C/]145?;W365WR[(Y7d,V7J9� 9<(Ym
7:36`f,V7J9&(P36(P(C7J9D,.;?36AOEx365Wb<BJ9D,V(J365?Rl^_BC14` /

�
�h7:1 / � ��K�p$GW3O(j7J9&5W;?9&5WbrE�3O(j3O5�,VR4BJ9<9&`'9&587�*+3N7:G§7:GW9tI5I,.A¯BJ9<`F,VBJcy3O55;C>?M A¯*+GW9<BJ9+7:GW9@,.>?7JGW14BC(nb<145Wb<A6>W;W9+7:GW,V7�7:GW90b&14BCBJ9<(J/2145W;W3O5WR�(Y7d,V7J9@BC>WA69$7J9&5W;W(�7:1

1�q.9&BC9&(C7J36`f,V7:9s7JGW9sb&BC3O7:3ObD,.A]/]1.36587+/I,.BJ,.`f9r7:9<BJ(&K��v5[7JGW9 4C/ wP¡ ��7:GW9Pb&BC3O7J36bD,VAo/21436587-7J9&`'/]9<B:,V7J>WBJ9
365Wb<BJ9D,V(J9&(e^_BJ14` M�>f? � � ^_14Bh/����H7J1��\=.&f? � ^_14Bh/ � �em	(J365?b&9@7JGW9);?9&/?7JG�1.^ 7JGW9@/21.7J9&587:36,.A¯365Wb<BJ9D,V(J9&(m©,.5W;�7:GW9$b<BJ3N7:36b&,.A?/2143O5Q7�;W9&5W(C3O7vE�;?9&b&BC9D,.(C9&(�^_BJ14` &?KL= ³ �V5W` ��� 7:1 &LK ��[\=45W` ��� K�p$GW9$7J9&`'/]9<B:,V7J>WBJ9B:,.5WR.9$1.^]7JGW9$A63OTQ>W36;y/?GI,.(J9$9£|L/WBJ9<(J(J9<;�Z8E T b � T�� ;W9<b&BC9D,.(C9&(�^_BJ14`«M4KL=WM$^_14B /�����kIM4K ³ -)^_14B /

�
��kIM4K ³ [

^_14B /
�
��kWM4K ³4³ ^_14B�/�� " 7J1yM4K ³ &)^_14B�/ � ��*+G?36A69e3O7	36(�b<145W(C7:,.587�Z8Ey;W9rtI5W3O7J36145�^_14B©7JGW9 �²b<14BJBC9&(C/]145?;W365WR(C7d,U7:9&(1¯BJ9&(C>WAO7J(&K



��� ����7 ���	��
����������
������������������������ �"!#���%$������

0 0,2 0,4 0,6 0,8 1

ρ[nm
-3

]

1200

1400

1600

1800

2000

2200

2400

T
[K

]

0 0,2 0,4 0,6 0,8 1

ρ[nm
-3

]

1200

1400

1600

1800

2000

2200

2400

T
[K

]

0 0,2 0,4 0,6 0,8 1

ρ[nm
-3

]

1400

1600

1800

2000

2200

2400

T
[K

]

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

ρ[nm
-3

]

1600

1800

2000

2200

2400

2600

2800

T
[K

]

A	3OR4>WBC9 =WK#�Li T + H /WGI,.(C9l;?3a,.R4BJ,.`'(y^_14B./
�
��k /

�
��kh/�� " k / � �f;W9<7J9&BJ`'365?9&;¤Z8E 4C/ wP¡ �hK�p$GW9

^_BC9&9&z<365WR¢A63O5W9¢}�;W,.(JGW9<; AO365W9D�rk)AO36TQ>W3O;Lm�qV,./214B�b<1L9£|?3O(C7J9&5Wb<9�AO365W9¢}_(J14AO36; A63O5W9��£k)(J/?365W1g;I,.A'}_;W1.7J7J9&;
AO365W9D�rK



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � �

0 0,2 0,4 0,6 0,8 1

ρ/ρ
t

1

1,2

1,4

1,6

T
/T

t

C
60

C
70

C
76

C
84

C
96

A	36R4>?BJ9 =WK5-?i T + H /WGW,.(J9=;W3a,.R.B:,.`'(�1.^)7JGW9!^_>WA6AO9&BJ9<5W9&(6/�����kX/
�
��k /

�
��kX/�� " k / � �F14Z?7d,V365W9<;¢^_BC14`4C/ wP¡ �hKSp 9&`'/]9<B:,V7J>WBJ9u,.5?; ;?9&5W(C3O7:3O9&(sGI,Dq.9fZ29&9<5 (CbD,.AO9&;§*+3O7JGx7:GW9<36BsBJ9<(J/29&br7:3Oq.9�7:BJ3O/WA69r7s/21436587

q.,VA6>W9<(&K�p$GW9PB:,.5?R49P1.^©7JGW9PA63OTg>?36;[/WGI,V(J9P36($;W9<b&BC9D,.(C365WRu*+3O7JGl7JGW9P5g>?`yZ]9<B+1.^	b&,.BJZ2145l,V7J14`f(<K

H b ; 5?` ��� A T b ; � A H � ; 5W` ��� A T�� ; � A H b ; 5W` ��� A T b ; � A H � ; 5W` ��� A T�� ; � A4C/ wP¡ � 1c� &5//
�
� &?K ³ �4� �LM4M ³ &?K5-.��> M ? ³ M &LK ³ �\[ �LM�=.& &?K5- - M [S?�&4C/ wP¡ � � /H14BCBJ9<(J/2145W;W3O5WRf(Y7d,V7J9�I9<(C7:3O`F,U7:9&(/
�
� &?K ³ �4� �LM4M ³ &?K5-.��> M ? ³ M &?K ³ [ �LM > & &?K5-S? M"��& ³/
�
� &?K ³4³ - �LM ?@> &?K#��- > M ?�> ³ &?K ³ � �4�@-�= &?K#� � M"� �f?/�� " &?K ³ &�= �4��[�- &?K#��&8� M"��&f[ &?K �@> �\=�=.- &?Kc[ - M�> &8�/ � � &?K²��[�= �\=.&f? &?Kc[ &?M M�-�=.> &?K ��= �f?@&S? &?KX?�- M�>�=��

p	,.Z?A69 =WKc[?i /HBJ3N7:36b&,.ANm),.5?; 7:BJ3O/WA69'/21436587�/I,VB:,.`'9<7J9&BJ(j^_14By;W3N\o9<BJ9<5Q7h^_>WA6AO9&BJ9<5W9&(<K5gn,.A6>?9&(h^_14Bj7:GW9
b&BJ3N7:3ObD,.A�/2143O5Q7j,V5W; 7JBJ3O/WA69�/21436587P/I,VB:,.`'9<7J9&BJ(s^_BC14` 1c�	& / (J3O`y>WAa,U7:361.5�,.5W; Z8E ,.(J(C>W`f3O5WR[7:GW9
Aa,D*�1.^%��b&14BCBJ9&(C/]1.5W;W365?R'(Y7d,V7J9&(1],VBJ9¦7d,Vc.9&5l^_BJ14` ; >LM�A±K



��� ����7 ���	��
����������
������������������������ �"!#���%$������
������� � � ��������!�� �� ����� � �0� � &
�@AO7:G?14>WR4G�7:G?9 1s36ZWZ?(jBC>WA69u;W1g9&(j5W1.7�9r|Lb<A6>W;W9u7:G?9f/214(J(C36ZW3OA63N7vEX1.^e7:GW9'9r|L3O(C7:9<5Wb&9f1.^-`'14BC9u7JGI,.5
7v*e1 :W>W36; /WGI,.(C9&(j365 ,[145W9£mvb&1.`f/2145W9<5Q7j(C>WZW(C7:,.5Wb<9.k	1.5W9u>W(J>I,VA6AOE=tI5W;W(�,V7P`'14(C7P7v*e1=1V^e7JGW9&`li
145?9u,V7sA61�* ;W9&5?(J3O7vE¤}_7:G?9yq.,V/]14B:�),.5W;�,�(J9<b&145?;�145?9f,U7sGW36R.GW9&Bs;W9<5W(J3N7vE¢}_7JGW9�A63OTQ>W36;¯�£k]7JGW9y7v*H1
/WGW,.(J9<(¦Z]9<b&14`'365?Rf3O;W9&587:3ObD,.A©,V7), ��g b<BJ3N7:36b&,.AS/21436587DK 4L1F,.5�,.;W;?3O7:3O145I,.AS;?36(J1.BJ;W9<BJ9&;X/WGI,.(C9�,.5W;
,.5F,.;W;W3N7:3O145I,.AWAO36TQ>W3O;LmvAO36TQ>W36;�7:B:,V5W(J3N7:361.5u7JGI,V7e36(nb&14`'`'145'^_1.Bn`'3N|g7J>WBJ9<(&kg36(n>W5W9r|L/29&br7:9&;�^_1.Be/W>?BJ9
(C>WZW(C7:,.5Wb<9&(&K«�01�*e9<q.9&B<kj3O5 BJ9<b&9&587=9r|L/29&BJ3O`f9<587d,.A¦(Y7:>W;?369&(#; M�&\As9rqg36;W9<5Wb&9�*H,.(l^_1.>W5W; 7:GI,U7!365
,.;?;W3O7J36145F7J1�7:GW9P>W(C>I,.A qV,./214BYm�A636TQ>W3O;f7JB:,.5W(C3O7J36145!,�(J9<b&145?;=AO36TQ>W36;gmvA63OTQ>W36;u7:BJ,.5W(J3N7:3O145[`f3OR4G87$9r|L3O(C7
3O5x7:GW9�(C>W/]9<BJb<1L14AO9&;§BJ9<R4361.5x1.^eb&9&BY7d,.3O55:I>W3O;W(�?S7:G?36(s/WGW9<5W14`'9&5W1.5 3O(¦b&1.`f`'145WANE=BC9<^_9<BJBJ9<; 7J1!,.(
;W1.>WZWA69sb<BJ3N7:36b&,.A63N7vE4K

p$GW3O(@/WG?9&5W14`'9&5?145XGI,V(@Z29&9<5�,.5I,.ANEgz&9&;l*+3O7JGW365=,'(C36`'/WA69sqV,.5l;W9&B0� ,.,.A6(+`'1L;W9<ASZ8E=p 9 �C9<BJ1
,.5?; �H,.>W( ; >f? A+,.5?;¢7JGW9&3OByBJ9<(J>WAN7:(�*H9<BJ9lb&145LtIBJ`'9&;¤TQ>I,.AO3O7d,U7:3Oq.9&ANE�3O5¢,§(C>WZW(C9&TQ>W9&587F(C7:>?;?E Z8E
�@A6`f,.BJz&, ���)��798 ; M4M AQZQE¦`f9&,.5W(�1.^Lb&14`'/W>?7J9&B�(J3O`y>WAa,U7:361.5 k�,+/]9<BC7:>?BJZI,V7J36145s7JGW9&14BYEP,.5W;�,.5j36587:9<R4B:,VA
9<Tg>W,V7:3O145[7:GW9<14BCEFm�7JGW9PBJ9r^_9&BJ9<5Wb&9jG8Eg/]9<BJ5W9r7J7:9<;xbdGI,.3O5�}��0� Y0/$�H7JGW9&14BYE4K

�v5xZ21.7:G=(C7J>W;W369<(¦,F;?9&5W(C3O7vE8mv;W9</]9<5W;W9<5Q7P3O58q49&BC(J9y/21�*H9<B)3O5Q7J9&BJ,.b<7J36145!*-,V(¦b&145?(J36;?9&BJ9<; k]*+G?14(J9
9£|?/2145W9<587)GI,V(@,�5W1.5Lmv`'145W1.7J145W3Ob¦;W9&5?(J3O7vE8m�;W9&/29&5W;?9&5Wb<9.KHp$G?9j/?BJ14/214(J9<;=^_>W5?b<7:3O145I,.A]^_14BJ`«*-,.(*	}�� ? H ��� 89 : ® * ��� �+�� � � � � � � � � �y� � V V }J=WK#-�[8�
*+GW9<BJ9s7:G?9j/21.7J9&587:36,.A 365?;W9r|!3O($R43Oq.9&5lZ8E

��} H ��� ³ ®
��}�&8�G+ ³

M + �
�
� H ® ¬� � � H � � }J=WK#- �4�

�eE�7:>W5?365WR ��}�&8�h,V5W; ��;W3O\]9&BC9&587y7vEg/]9<(f1V^@b<BJ3N7:36b&,.AnZ]9<GI,DqL3O14By*e9&BJ9!14ZL7d,.3O5W9&; K �v5¤/I,.BY7:36b<>WAa,VB
/WGW,.(J9x;?3a,.R4BJ,.`'(u*+3N7:G 7v*e1 b<BJ3O7J36b&,.A+/]143O587:(u*H9<BJ9x^_14>W5?; k$145W9=b&14BCBJ9&(C/]1.5W;W365?R�7:1 ,�(C7d,VZWA69l14B
`'9<7:,.(C7:,.ZWA69@} *+3O7:G�BJ9<(J/29&b<7©7:107:GW9nA63OTg>?36;Lm�(J14AO36;¦7:BJ,.5W(C3O7:3O145¯�]qV,./214BYm�A63OTg>?36;¦7:BJ,.5W(C3O7:3O145�,.5W;y,V5W1.7:G?9&B
145?9xb&14BCBJ9<(J/2145W;W3O5WR 7:1 , (Y7d,.Z?A69X1.B�`f9r7d,.(Y7d,.Z?A69XAO36TQ>W3O;LmvAO36TQ>W36; (C9&/I,VB:,V7J36145 K p$G?9�`f9r7d,.(Y7d,.ZWAO9
AO36TQ>W36;gmvA63OTQ>W36;fb&BJ3N7:3ObD,.A /2143O5Q7+*H,.(@^_1.>W5W;!7:1FAO9D,.;!7:1f,u(JGW14>?A6;W9<B@3O5l7JGW9�AO36TQ>W3O;Lmv(C14A63O;�b&1g9r|L36(Y7:9<5Wb&9
b<>WBCq.9 ;C>S? A�K

�¦>W9)7J1y7:GW9s;?36(Jb<BJ9</I,.5Wb<369&(-7JGI,V7-*e9&BC9s^_14>W5W;[3O5 ; M4M�ASZ29<7v*e9&9&5lb&1.`f/W>L7:9&BH(J36`h>WAa,V7J36145fBJ9<(J>WAN7:(
,.5?;�7:GW9<14BJ9r7:36b&,.AoBC9&(C>WAO7J($,y`f1.BJ9¦BC9<tI5W9<;!(C7:>?;?E�1.^�7JGW9s/WGW9<5W14`'9&5W145[1V^©;?14>WZWAO9¦b&BC3O7:3ObD,.AO3O7vE�*+3N7:G
,¦BC9&A636,.ZWAO9e7:G?9&14BYE�36(�1.^2b<14>WBJ(C9@;?9&(J3OB:,.Z?A69.K�4L365?b&9-7:G?9W4C/ wP¡ �~3O(�cQ5W1�*+5f7J1jZ29+,sGW36R.GWAOEh,.b&b<>WB:,U7:9
7JGW9&14BYE'9<q49<5[365'7:GW9@b&BJ3N7:3ObD,.AIBC9&R43O145F3N7e(CGW14>WAO;�Z29),.Z?A69+7:1yR43Nq490TQ>I,.587:3N7d,V7J3Oq49@/WBJ9<;W36br7:3O145W(�^_14Bn7JGW9
/WGW,.(J9P;W36,.R4B:,V` 1.^	,�(CEg(C7J9&`�*+3O7JG=;?9&5W(C3O7vE8mv;W9</]9<5W;W9<5Q7)/I,.3OB-/]1V7:9&587J3a,.A�K



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� ���
p$GW9f�0/ � /21.7:9<587:3a,VA�36(¦7:G?9f`'14(C7Pb<14`u^_14BC7:,.ZWA69�/21.7J9&587:36,.A	^_14BP,!(C7J>W;?E�*+3O7JG 7JGW9 4C/ wP¡ �hK4L1'*e9jb&145W(C36;W9<B$GW9&BC9h,�(YEL(Y7:9<` *+3N7:G!;W9<5W(J3N7vEQm�;W9&/29&5?;W9&587¦/W,.36B-3O587:9&BJ,.b<7J36145!1.^ 7:G?9P^_1.BJ`*	}_� ? H ��� 89 : ® * � � �+��

� � �g�d�
� � ���J�g�<� ��� � V }J=WK5- -8�

*+GW9&BC9j7JGW9P;W9&5W(C3O7vE8mv;?9&/29&5W;W9<587¦(Jb<BJ9<9&5W3O5WRFAO9&5WR.7JG!36(+,.(C(J>W`'9&;!7:1uZ29jR.3Oq49<5=Z8E
¥I} H �Y��� M4�c[ ® ¥ �d� + M4�c[

M + �
�
� H ® ¬� � � H � � }J=WK5- >8�

p$GW36(@;W9&5W(C3O7vE8mv;?9&/29&5W;W9<5Wb&9�*H,.(¦`'1.7:3NqV,V7:9<;=Z8E=9&T¯K�}J=WK5-.�4�rK 4L1 � 3O^�¥ �d� �� M4�c[ � ¥W} H �03O(¦,'5W145Lm`f145?1.7:145?36bs^_>W5Wbr7:361.5=1.^ H *+GW36bdG=365Wb<BJ9&,.(J9<(@^_14B0¥ �d� � M4�c[u^_BC14`�7:G?9�z<9&BJ1Umv;W9<5W(J3N7vE=AO36`'3O7+¥ �J��7:1
,�`F,U|L3O`y>W` 1.^)} ³ ¥ �J�5+ ³ � �4�0,V7 H � �� ,.5?;x7:GW9<5 ;?9&b&BC9D,.(C9&(j,.(s(CGW1�*+5 3O5X7:G?9ytIRWK�}J=WK5>8�rK/AI14B
¥ �d� � M4�X[�7:G?9jb<>WBCq.9�GW,.(0,u`'365?36`y>W`«,V7 H ��� ���nK

0 0,2 0,4 0,6 0,8 1
ρ∗

1,6

1,8

2

2,2

2,4

z(
ρ)

σ

z
0
σ=1.8

z
0
σ=1.7

z
0
σ=1.65

A	36R4>?BJ9 =?K#>?i �¦9<5W(J3N7vEQm�;W9&/29&5?;W9&5Wb<9§1.^s7:GW9X(Jb&BC9&9<5W365WR AO9&5WRV7:G ¥I} H �f1.^s7:G?9��0/ � /21.7J9&587:36,.A@1V^
9&T¯K$}J=WK#-�-8�j,V(hR43Nq49&5�ZQE�9&T¯KH}�=WK5- >8�¦*+3O7JG ��� ?g�4������k©*+G?9&BJ9�� �'� � � �� 36(P7:G?9��04§q414AO>W`f9u^_14B
;W3O\]9&BC9&587@¥ �0qV,.AO>W9&(<K	Y01.7:9s7JGW9P/WBJ145?14>W5Wb<9&;l`F,U|L3O`y>W` 3O5!¥I} H � ��^_14B$A6,.BJR.9&B$¥ �d�§qV,.A6>W9<(&K

4L3O5Wb&9�7JGW9§b&14`'/WBJ9<(J(C36ZW3OA63O7vE{9&TQ>I,U7:361.5 }��LKOM.M��FBJ9<`F,.3O5W(�qV,.A63O;�^_14B!;W9&5?(J3O7vE8m�;W9&/29&5W;?9&587x/I,V36B
/]1.7J9&587:36,.A6(�}�(J9<9 ; >f[�A±k@/I,.R49 ³ =8�4�rk+7:GW9 4/ wj¡ � (CbdGW9&`'9§/WBJ9<(J9<5Q7J9&;�3O5 (J9<b<7:3O145 =WK²�LKOM�b&,.5~Z]9
,./W/WAO369&;!^_14B+(J>?bdG�,'(YEg(C7:9<` 7J1L1?Kn��9�1.5WAOE[GW,�q.9�7J1'7:,.c.9h,.b&b<14>W587)1V^	7:G?9j^�,.br7+7:GI,V7@;W>W9P7:1u7v*e1
b&BJ3N7:3ObD,.A /]1.36587:()7v*e1[5W145?/WG8EL(C36b&,.A�BJ9<R4361.5W(&ko*+G?9&BJ9[M�� U ��� � � &?k GI,Dq.9y7:1[Z29y9r|Lb&AO>W;W9<;§^_BC14` 7:GW9
(J14AO>?7:3O145�1.^n7:GW9�	��	�$K p$GW9�7v*e1=;W3N\o9<BJ9<5Q7jcQ365?;W(s1.^e365W(Y7d,.ZW3OA63N7vE!BJ9&R.36145W(s3O5x7:GW9u3O5Q7J9&BYq.,VA ; & V H � A^_14B$R43Oq.9&5!qV,.A6>W9s1V^ T ,VBJ9s(JG?1�*+5=365[tIRWKS}�=WKNM�&8�£K



�\� ����7 ���	��
����������
������������������������ �"!#���%$������
�f� & � � &

H �&
A	3OR4>WBC9 =WKNM�&?i	p$G?9@;W3N\o9<BJ9<5Q7nb&,.(J9<(e1.^27:G?9@3O5W(C7:,.ZW36AO3O7vEjBJ9<R4361.5u*+G?9&BJ9 � � &F}J=WK �\[8�	365�7:G?903O587:9&BYqV,.A;C& V H � A�^_1.BP,!R.3Oq49<5 qV,.AO>W9�1.^ T ^_14BP,[;W9<5W(J3N7vEQm�;W9&/29&5?;W9&587�� /)M � :I>W36;oK�p$GW9'^_>?A6A�AO365W9<(¦;W9&5?1.7:9
7JGW9)(Y7d,.ZWAO9)BC9&R43O145W(�*+GW9&BC9 �F� &LkL*+GW3OA69+7:GW9@;I,.(JG?9&;[A63O5W9&(nBJ9</WBJ9<(J9<5Q7$7JGW9)>?5W(C7:,.ZWA69@BJ9<R436145?(n7JGI,V7
,.BC9s9r|Lb&AO>W;W9<;=^_BJ1.`�7:G?9j3O587:9&R.B:,V7J36145[1.^ 7:G?9�	��	�$K

��(C9&BC369&(F1.^s/WGI,V(J9x;W36,.R4BJ,.`f(�*+3N7:G qV,.BYEL3O5WR � qV,.A6>W9<(FGI,V(FZ29&9&5 R.9&5W9<B:,V7J9&; ^_14Bf;W3O\]9&BC9&587
qV,.AO>W9&(u1.^)¥ ��?$3O7'36(�(CGW1�*+5�365 tIR.(&K0}�=?KOM4M��y7J1�}J=WKNM�>8�rK¤�v5¤7:GW9lbD,V(J9=¥ �d� � M.�X[x7:G?9=/21.7:9<587:3a,VA
3O(j;?9&5W(C3O7vE8mv3O5W;W9&/29&5?;W9&587Dk�3�K�9VK!¥I} H � ��� M4�c[X,.5W; 7:GW9f/WGI,.(C9F;W36,.R4BJ,.` 36(j(JG?1�*+5�365�tWRWKe}�=WKNM4M��£KAI14Bu¥ �d� � M4�c[§, 5W1.5Lmv`'145W1.7J145W3Ob�Z]9<GI,Dqg3614Bu1gb&b&>?BJ(u7:GI,V7'Z29&b<14`f9<(f`'14BC9[/WBJ145?14>W5Wb<9&;�,V(f¥ �
3O5Wb&BC9D,.(C9&(&K

� (C9&BC369&(H1.^�/WGI,.(C9¦;W36,.R4B:,V`f(�^_14BH¥ �-� M4�#-V�x36(e(JGW1�*+5[365ftIR4(&Ko}�=?KOM��.�e,.5W;�}�=WKNM ³ �£K�p$GW9)qV,.AO>W9

0 0,2 0,4 0,6 0,8 1
ρ∗

0,6

0,8

1

1,2

1,4

1,6

T
*

A	3OR4>WBC9 =WKNM4M4i 	�GI,.(C9';?3a,.R4BJ,.`�1V^-, :I>W3O;�*+3O7:G ,[;W9<5W(J3N7vEQm�;W9&/29&5?;W9&587y/W,.36Bs/21.7:9<587:3a,VA�R43Oq.9&5§Z8E
9<Tg(<K@}�=WK5- -8�y,.5?;�}J=WK#-�>8�h^_14Bu¥ �d� � M4�X[LK 4g14A63O; A6365?9.i!ZW365?1L;I,VA-b&>WBYq49@?0;W,.(JGW9<;�A63O5W9.i[(C/W365?1L;I,VA
b<>WBCq.9.K



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � �

0,6

0,8

1

1,2

T
*

α=0v
0

α=3v
0

0,6

0,8

1

1,2

T
*

α=5.1v
0

α=5.3v
0

0 0,2 0,4 0,6 0,8
ρ∗

0,6

0,8

1

1,2

T
*

α=5.5v
0

0,2 0,4 0,6 0,8
ρ∗

α=5.7v
0

A	36R4>?BJ9W=WKOM��Li	p$GW9@(:,.`'9¦,V(e3O5ftIRWK]}J=WKOM.M���^_1.Be¥ �d�X� M.�#-?K(�¦1.7J7J9&;FAO365W9Vi	`'9<7:,.(C7:,.ZWA690b&1g9r|L3O(C7:9<5Wb&9
b&>WBYq49.K



� � ����7 ���	��
����������
������������������������ �"!#���%$������

0,6

0,8

1

1,2
T

*

α=5.9v
0 α=6.1v

0

0,6

0,8

1

1,2

1,4

1,6

T
*

α=6.3v
0 α=9v

0

0 0,2 0,4 0,6 0,8
ρ∗

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

T
*

α=20v
0

0,2 0,4 0,6 0,8
ρ∗

α=100v
0

A©36R4>WBC9"=WKNM ³ i�p$GW9P(:,V`f9j,.(+365�tWRWK }�=WKNM��4�e^_1.B+¥ �:�x� M4�#-LK



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� �C�

0,7

0,8

0,9

1

1,1

T
*

α=5.5v
0 α=5.7v

0

0,7

0,8

0,9

1

1,1

T
*

α=5.9v
0 α=6.1v

0

0,2 0,4 0,6 0,8
ρ∗

0,7

0,8

0,9

1

1,1

T
*

α=6.3v
0

0,2 0,4 0,6 0,8
ρ∗

α=6.5v
0

A	36R4>?BJ9"=WKNM =Wi�p$GW9P(J,.`f9j,.($3O5[tIRWK }�=?KOM��.�n^_14B0¥ �:�X� M4�#�LK



�Z� ����7 ���	��
����������
������������������������ �"!#���%$������

0,9

1

1,1

T
*

α=6.3v
0

0,9

1

1,1

T
*

α=6.4v
0

0 0,2 0,4 0,6 0,8
ρ∗

0,9

1

1,1

T
*

α=6.5v
0

A	3OR4>WBC9"=WKOM ?Li�p$GW9j(:,.`'9P,.(+365[tIR?K }�=WKNM��4�n^_1.B+¥ �d�x� M4�X[�>?K



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � 

1,05

1,1
T

*

α=6.5v
0

1,05

1,1

T
*

α=6.55v
0

0 0,2 0,4 0,6 0,8
ρ∗

1,05

1,1

T
*

α=6.6v
0

A©36R4>WBC90=WKNM [?i�p$GW9j(:,V`f9P,.(+3O5!tWRWK�}�=?KOM��.�e^_14B+¥ �d�x� M4�c[ -?K



�'� ����7 ���	��
����������
������������������������ �"!#���%$������

1

1,1

T
*

α=6.6v
0

1

1,1

T
*

α=6.7v
0

0 0,2 0,4 0,6 0,8
ρ∗

1

1,1

T
*

α=6.8v
0

A	3OR4>WBC9"=WKOM��Li�p$GW9j(:,.`'9P,.(+365[tIR?K }�=WKNM��4�n^_1.B+¥ �d�x� M4�X[ �LK



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � �

1

1,1

1,2

T
*

α=6.7v
0

α=6.8v
0

1

1,1

1,2

T
*

0 0,2 0,4 0,6 0,8
1,154

1,156

1,158

α=6.9v
0

0 0,2 0,4 0,6 0,8
1,157

1,158

1,159

α=6.91v
0

0 0,2 0,4 0,6 0,8
1,15

1,155

1,16

0,2 0,4 0,6 0,8
ρ∗

1

1,1

1,2

T
*

α=6.92v
0

0,2 0,4 0,6 0,8
ρ∗

α=7v
0

A	36R4>?BJ9"=WKNM�-?i�p$GW9P(J,.`f9P,V(03O5�tIRWK�}J=WKNM��4�e^_14B+¥ �d�=� M4�c[f[?K��v5[7JGW9PbD,.(C9P7JGW9Pb&1g9r|L36(Y7:9<5Wb&9jb&>WBYq49<(
,.BJ9sq49<BCE :¯,U7@5?9D,.B-7JGW9Pb&BJ3N7:3ObD,.A]/]143O587Dk?7JGW9P365W(C9<7:(+(CGW1�* ;W9<7:,.36AO(-145=,�;W3O\]9&BC9&5870(JbD,VA69.K



�C� ����7 ���	��
����������
������������������������ �"!#���%$������

0,6

0,8

1

1,2

1,4

T
*

α=6.7v
0

0,6

0,8

1

1,2

1,4

T
*

0 0,2 0,4 0,6 0,8
1,17

1,18

1,19

1,2

α=7.14v
0

0 0,2 0,4 0,6 0,8
ρ∗

0,6

0,8

1

1,2

1,4

T
*

α=7.5v
0

A	3OR4>WBC9"=WKOM >?i�p$GW9j(:,.`'9P,.(+365[tIR?K }�=WKNM��4�n^_1.B+¥ �d�x� M4�X[f?LK



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � �
1.^'��3O(�365Wb<BJ9D,V(J9&;¢^_BJ14` � � &¢}_*+GW9<BJ9=¥I} H � � ��M4�#-4��7:1 � ��M�& &�� � ? ���l� � � �� 3O(y7:GW9=�04
q414AO>W`f9VKe�v5!7:G?9�AO36`'3O7$� ( * 7:G?9jb&,.(J9�¥I} H �Y�§� M.�X[u36(+BJ9<b&1�q49<BJ9<; i-(J1u7:G?9j/?GI,.(J9�;W3a,VR4B:,.` ^_14B��� M�& & ���@,.5W;l¥ �d�x� M4�5-'(CGW14>WAO;lZ29Pb&AO14(J9¦7J1'7JGW9P145W9s1.^©tIRWKC=WKNM4Mf}�¥ �d�=� M.�X[8�£K

��^�*e9sb&145W(C36;W9<B-7:GW9s(C9&BC369&(-¥ �d�x� M4�#-h*e9P14ZW(C9&BCq.9P145W9¦b<BJ3O7J36b&,.A]/2143O5Q7-,.5W; kW,.( ��3O(-365Wb<BJ9&,.(J9<;
^_BJ14` &[7J1 ³ � �&k�7JGI,V7 H � b ,.5W; T �b ;W9&b<BJ9D,V(J9.K AI14B'� � ?g�OM ���j,[(JGW14>?A6;W9<BP,./W/29D,.BC(j1.5§7JGW9�GW3OR4GLm
;W9&5W(C3O7vEf(J3O;W9)1.^o7:GW9@A636TQ>W3O;Lm�qV,./214B�b<1L9£|L36(C7J9&5Wb<9¦b&>?BCq49Vk?*+GW3ObdG�Z]9<b&14`'9&(e`f1.BJ90/WBJ145?14>W5Wb<9&;�*+GW9<5
^_>WBC7JGW9&By3O5Wb&BC9D,.(C365WR,�ek©(J1x7:GW,V7y,U7=��� ?L� ³ ����,X`'9<7:,.(C7:,.ZWA69'b&BC3O7J36bD,VAn/2143O5Q7�1.^+,=A636TQ>W3O;LmvAO36TQ>W3O;
7:B:,V5W(J3N7:361.5X1gb&b&>?BJ(&k]7:>WBC5W365WRf36587:1F,F(C7:,.ZWAO9h145W9y,V7'� � ?L�X?�� ��K@�-7'�¤� ?L�4� � �)7JGW9h7J9&`'/]9<B:,V7J>WBJ9
1.^o7JGW9@AO1�*-mv;W9<5W(J3N7vEub&BJ3N7:3ObD,.AW/2143O5Q7�3O(�A61�*H9<BJ9<;�,.5W;F,V7 � � ?L�5> � �n7:GW3O(�b&BJ3N7:3ObD,.AW/2143O5Q7�7J>WBJ5?(H36587J1�,
`f9r7d,.(Y7d,.ZWAO9s145W9VKn� GW9<5=^_>WBY7:GW9<B+365Wb<BJ9D,V(J365?R � 7JGW36($b<BJ3O7J36b&,.A /21436587+Z29&b&1.`f9<(@,u(JG?14>WA6;?9&B+145[7:GW9
A61�* ;?9&5W(C3O7vE�(C36;W9y1V^e7JGW9�b&1g9r|L36(Y7:9<5Wb&9ub&>?BCq49u*+GW3ObdG R.B:,.;W>W,.A6ANElqV,.5?36(JG?9&(P,.( ��Z29&b<14`f9<(sAa,.BCR49&B<K
p$GW9¦BJ9<`F,V365W3O5WR�(C365WR.A690b&BJ3N7:3ObD,.A¯/21436587e(JGW3N^ 7:(&k?,.(e^_>?BC7:G?9&B-3O5Wb&BC9D,.(C365WR �ekg;WB:,.`f,V7J36bD,VA6AOE�7:1y(C`F,VA6A69<BH �£m�qV,.A6>?9&(&K¤p$GW9l/I,.BJ,.`'9<7:9<BJ(u1.^07:GW9lb&BC3O7J36bD,VAH/21436587:(',.BC9!R43Oq.9&5¢365 7d,.Z?A69 }�=?K4�4�£K¤p$GW9=;?9&5W(C3O7vE;W3O\]9&BC9&5Wb<9�1.^�7:GW9h7v*e1!b&BC3O7:3ObD,.A /21436587:(@36(s,V/W/WBJ1D|L36`f,V7J9&AOE H � b � � + H � b � ¬ � &?�c[ - + &?�²� ³ � &?�L=@?'^_14B� ���)� ?L�X?F,.5W;XBJ9&`f,.3O5W(+5W9D,.BCAOElb&1.5W(C7:,.587s1�q49&B07:GW9
��mvBJ,.5WR49s*+GW9<BJ9y;?14>WZWAO9hb&BC3O7J36bD,VA63O7vEF1Lb<b&>WBC(&KY@1.7J9P7JGW9P5W145Lm�`f1.5W1.7:1.5W36b¦Z29&GW,�qg3O14B$1.^ H � � � b ,.5W; T �� � b ,.( � 3O($365Wb<BJ9D,V(J9&;oK� ����� H � b � ¬ T �b � ¬ H � b � � T �b � �& &?K ³ M = M4K²�LM�>

³ &?K²��[.� M4K5& ³4³?LKNM &?K²� ³ M &?K5- >�=?LK ³ &?K²� ³ & &?K5- - ³ &?Kc[.��>�� &?K#-�&f[��?LKX? &?K²� ³ & &?K5-.�4� &?Kc[ -?M &?K#-f? ³?LK#� &?K²� ³ � &?K5-f[ ³ &?Kc[.��[ &?K#>�& &?LK5> &?K²� ³ - � &?K5-S?f? � &?Kc[f[ - &?K#>\=.-[?KNM &?Kc[S?�- &?K#>�>S?[?K ³ &?Kc[�=.- M4K#&\=WM> &?KX?LM = M4K ?.�4�
��& &?K²� �f? M4K#-�&?M
M & & &?K ³ & - M4K ³ > &* &?K ³ &f[ M4K ³ >8�

p	,.Z?A69 =WK#�Li 	©,.B:,V`f9r7:9&BC(P1.^�7:GW9�b<BJ3O7J36b&,.A	/21436587J(u} H � b V T �b �01.^-, :W>W36;�*+3O7JG§,�;W9&5?(J3O7vE8m�;W9&/29&5W;?9&587
/I,.36Bn/21.7:9<5Q7J3a,.A¯R43Nq49<5FZ8E'9&TQ(&K }�=WK5- -8��,.5W;§}J=WK5- >8�	^_14Be¥ �d�x� M4�#-LK &=9<7:,.(C7:,.ZWAO9)b&BC3O7J36bD,VAI/]143O587:(e,.BJ9
`F,.BCc.9<;l*+3N7:Gl,';?3a,.`'145W; K

�¢(J3O`f3OAa,.BS(C9&TQ>W9&5?b&9$1.^I/?GI,.(J9H;W3a,.R.B:,.`'(�36(�^_14>W5W;h^_1.B	¥ �d�=� M4�#� ?43N7	3O(©;?9&/W3Ob<7:9<;y365jtIRWK?}�=WKNM =Q�£K



� � ����7 ���	��
����������
������������������������ �"!#���%$������
� ����� H � b � ¬ T �b � ¬ H � b � � T �b � �& &LK ³ M & M4K²��> >

³ &LK ��- ³ M4KNM�-S??LKX? &LK �f?@> M4K5&.��&?LK#� &LK ��[�& M4K5&f[8�?LK5> &LK ��[4� M4K5&S?f?[?KNM &LK ��[�[ M4K5&S?�&[?K ³ &LK � ��= M4K5&�=@? &?K ?���> M4K5&�=��[?KX? &?K ?@- & M4K5& - ³> &?Kc= - - M4KL=f=Q�
M�& & &?K ³ &.� M4K ³ >?M

p	,VZWA69"=WK5-?i�p$GW9P(:,V`f9P,.(+3O5!7:,.ZWAO9'}�=WK#�4�e^_14B+¥ �d�=� M4�#�LK
�@(y*H9[3O5Wb&BC9D,.(C9 � 7:GW9�7v*e1§(C7:,.ZWA69[b<BJ3N7:36b&,.An/]143O587:(htIBC(C7',./?/]9&,.By5W1�* ,V7 � � [?� ³ � �',.5?;¤7JGW9
;W3N\o9<BJ9<5Wb&9P1.^ 7:GW9jb&BC3O7J36bD,VAo/21436587+;W9<5W(J3N7:369<( H � b � � + H � b � ¬ � &?� ?@- + &L� � �P� &L� ³ MP3O($(J`f,.A6AO9&BH7JGI,.5l365
7JGW9P/WBJ9rqL3O14>W(+bD,V(J9.K�p$GW9j/I,.BJ,.`'9<7:9<BJ($1.^ 7:G?9jb<BJ3N7:36b&,.Ao/2143O5Q7J(0,.BJ9sR43Nq49<5=3O5!7:,.ZWAO9"=WK#-LK

��9�GI,Dq49�7:GW9<5�/?BJ1g;W>Wb&9<;s^_>WBC7JGW9&BS(C9&BJ3O9&(�1.^g/WGI,V(J9�;W36,.R4B:,V`f(2^_14B�¥ �:�X� M4�c[ > V ¥ �:�=� M.�X[ - V ¥ �:�=�M4�c[.�¦,.5?;F¥ �:�X� M4�c[f[u}_(J9&9$tIR.(&K2}�=?KOM ?.�vme}J=WKOM -8�J�£i©3O5f,VA6A?b&,.(J9<(�7v*H1jb&BC3O7:3ObD,.AL/]1.36587:(�*e9&BC9+^_1.>W5W;u^_14B
;W3N\o9<BJ9<5Q7 ��m±qV,.A6>W9<(&k¯3±K 9.KNk],V7 � � [?�c= � ��k � � [?�X?f?����Dk7� � [?�4� � �),.5W; ��� [L�#>?M � �Dk2BJ9<(J/29&br7:3Oq.9&ANE4KAI14B$¥ �J�x� M.�X[f[h7JGW9¦7v*e1'b<BJ3N7:36b&,.Ao/2143O5Q7J($,.BC9s5W1uA6145WR.9&BH*e9&AOA (J9</I,.B:,U7:9&;ok?7:GW9P;W9<5W(J3N7vE�;W3N\o9<BJ9<5Wb&9
Z29&3O5WRf5?1�* 1.5WAOE H � b � � + H � b � ¬ � &L�c=S[ + &?� ³ ?�� &?�NM4M4K AI>WBC7JGW9&BC`f14BC9j7JGW9
�SmvBJ,.5WR49Vk¯*+G?9&BJ9�;W14>WZ?A69
b<BJ3O7J36b&,.A63N7vEf1gb&b<>WBJ(+3O(-q49&BYE!A63O`f3N7:9&;Fb&14`'/I,.BC9&;[7:1�7:G?9j/?BJ9<qg3O14>W(+bD,.(C9&(<K

��^)*e9!^_>WBC7JGW9&Bu;W9<b&BJ9&,.(J9=¥ �d� 7:1¤M4Kc[S?�*+G?9&BJ9l145WANE ,�*H9&,.c H mv;?9&/29&5W;W9<5Wb&9=1.^07:GW9 � >WcU,D*-,(Cb&BJ9<9&5W3O5WRFAO9&5WRV7:Gl¥I} H � ��3O(01.ZW(J9<BCq49<;¤}�(C9&9PtIRWK©}�=?K#>8�C�e7:GW9P7v*e1Fb&BC3O7J36bD,VAo/21436587:(+`'9&BCR49.kIBC9&(J>?AO7:3O5WR3O5P,$q.9&BYE":¯,V7 b&1g9r|L36(Y7:9<5Wb&9�b&>?BCq49�^_14B �§� �g�OM = � �DK �¤/WBJ9<A63O`f3O5I,.BCE+(Y7:>W;LEP1.^L7JGW9�b&BC3O7:3ObD,.AV9r|L/2145W9&587
¥ �d� � ����� H � b � ¬ H � b � � H � b � � + H � b � ¬M4K5- ?gK ? &?K²� ³ & &LKX[ -LM &?KL=@?LM
M4K#� [LK ³ &?K²� �\= &LK ? �@> &?K ³ &S?
M4Kc[ > [LKc= &?K²��-8� &LK ?f?@> &?K²� � �
M4Kc[ - [LK ?f? &?K²��>S? &LK ? ³ � &?K²�\=Q�
M4Kc[.� [LK4� &?K ³ M4M &LK ?�&\= &?KNM�> ³
M4Kc[f[ [LK#>?M &?K ³ ? ³ &LKc=S[�& &?KNM�&.�

p	,VZWA69 =WK5>?i��¦9&5?(J3O7vEF;W3O\]9&BC9&5Wb<9�1V^©7JGW9s7v*H1'b&BC3O7:3ObD,.A]/]1.36587:(-^_14B$;?3O\]9&BJ9<587)¥ �0qV,.A6>W9<(&K



�E������� � ���3��� 
 ��� �	���
	���
 ��
���� 7 ����� � �
(�GI,.(P(JG?1�*+5 7:GI,U7 (�� M��\=�m+7:GW9�qV,.A6>?9�1.^-,[7:BC36b<BJ3O7J36b&,.A©/2143O5Q7s7JGI,V7P1gb&b<>WBJ(P*+GW9&5§7v*e1X14BC;W9&B
/I,.B:,V`f9r7:9&BC($q.,V5W36(CG=,U707JGW9P(:,.`'9¦7:3O`f9 ; >.� A±K

p 1=b<145Wb<A6>W;W9'7:GW9'/I,.BJ,.`'9<7:9<B/� 7JBJ3OR4R49&BC(s7:GW9f,./W/29D,.BJ,.5Wb<9F,.5?;�/214(J3N7:361.5 1V^$,!(JGW14>?A6;W9<B�145
7:GW9yG?36R4GLmH,.5?;xA61�*-mv;?9&5W(C3O7vEl(J3O;W9h1.^	7:GW9yb<1L9£|L36(C7J9&5Wb<9yb&>?BCq49Vko7:G?9h9r|L3O(C7:9<5Wb&9h1.^n,f`'9<7:,.(C7:,.ZWA69j14B
(C7d,VZWA69-(C9&b<145W;ub&BC3O7:3ObD,.Ag/21436587©m 3O^I7JGW9$¥ ��qV,.A6>W9H,.A6AO1�*+(�,¦(J9<b&145?;'b<BJ3N7:36b&,.Ag/]143O587©m *+G?36A69H¥ ��7:BJ3OR4R49<BJ(
7:GW9�9r|L36(Y7:9&5?b&9�1.^�7v*e1�b<BJ3O7J36b&,.AS/]1.36587:(@,.5W;=mH3O^©7v*H1[b<BJ3N7:36b&,.AS/21436587:(@,.BC9h/WBC9&(J9<587)mH7JGW9&3OB@;?9&5W(C3O7vE
;W3O\]9&BC9&5Wb<9.K¦p©,.ZWAO9[}�=?K#>8�+(JGW1�*+(¦7JGW9h;W9<5W(J3N7vEX;?3O\]9&BJ9<5Wb&9h1.^�7:GW9j7v*H1[b<BJ3N7:36b&,.A�/]1.36587@^_1.B);W3N\o9<BJ9&587
¥ �@qV,.A6>?9&(+,.5W;!tIRWKS}�=WK²��&8�e7JGW9/��mvBJ,.5WR49¦*+G?9&BJ9j;W14>?ZWA69sb<BJ3O7J36b&,.A63N7vEf1gb&b<>WBJ(0,.(0,�^_>W5Wbr7:361.5l1V^�¥ �DK

1,6 1,65 1,7 1,75 1,8 1,85
z

0
σ

5,5

6

6,5

7

∆α

0,1

0,2

0,3

0,4

0,5

0,6

∆ρ

A	36R4>?BJ93=WK �@&?i �-,.BC(�}_A69<^ 7JGI,.5W;gmv(J3O;W9j(JbD,VA69��£i$B:,.5?R49�1V^�7:GW9jq.,VA6>W9<(@1.^%� *+GW9<BJ9y;W1.>WZWA69�b&BC3O7:3ObD,.AO3O7vE
1Lb<b&>WBC(�,V(�,�^_>W5?b<7:3O145§1.^H¥ �:��K�	�A6>W(C9&(f}�BC36R4G87JGI,.5W;Lm�(J3O;W9�(Jb&,.A69D�ri¦;W9<5W(J3N7vE§;W3O\]9&BC9&5Wb<9u1.^�7:GW9�7v*e1
b&BJ3N7:3ObD,.A /2143O5Q7J(+,.(0,y^_>W5Wb<7J36145!1.^	¥ �d��K



�	� ����7 ���	��
����������
������������������������ �"!#���%$������
�x��� ��� � � � �.�f��� � %D���h��� ��� # # �@����%D# &('D"�%D 

AI14B07:GW9y1.5W9rm�b&14`'/]1.5W9&587 � >WcU,D*H, :W>W36;x7JGW9�4C/ wP¡ � /WBC1�qL3O;W9&(¦q.9&BYE�,.b<b&>WBJ,V7:9�/WBC9&;W3Ob<7J36145W(@^_14B
7JGW907JGW9&BC`f1g;?Eg5I,.`'36b$/?BJ14/29&BY7:369<(H,V5W;f7JGW9@/?GI,.(J9@;W3a,VR4B:,.`'(�,.(�*-,V(H;W9<`f145?(C7:BJ,V7:9<;FBC9&b&9<587:AOE'3O5F,
b<14`f/W,.BJ3O(J145s*+3O7JG &l14587:9 /-,VBJA610(J3O`y>WA6,V7:3O145W( ;L?�>�A�K	�@(©1.5W9eb&,.5h9£|L/]9<b<7	7JGW36(�/WBC14`'36(J3O5WR0,./W/WBC18,.bdG
7J1¢Z29§1.^�(J36`'36A6,.Bf,.b&b<>WB:,.brE 365 7:G?9 b&,.(J9§1.^3:I>W3O; `'3N|g7J>WBJ9<(&k)3N7[36([1V^y36587J9&BJ9<(C7!7:1¤(Y7:>W;?E 7JGW94C/ wP¡ �~^_14B-,h(C36`'/WA69+`'1L;?9&A2(CEg(C7J9&`lk?5I,.`'9&ANEu7:GW9@ZW365I,VBCE'(CEg`'`f9r7:BJ3ObW:W>W36;§}_(J9<9¦(J9<b<7:3O145 ³ KNM4K ³ �
7JGI,V7'9r|LGW3OZW3O7J(um�;W>W9!7:1 7:GW9lb&1.`f/29<7J3O7:3O145 Z29<7v*e9&9&5 :W>W36;¢;W9&`'3N|L3O5WR�,V5W;{AO36TQ>W3O;Lm�qV,./214By/WGW,.(J9
7JB:,.5W(C3O7J36145Fme,.AOBJ9&,.;?E[,�BC36bdG!/WGI,.(C9�Z29&GW,�qg3O14Bj}�(C9&9 ; M�� A �£K
��� � �	� � � �'��� �
�09&BJ9s*e9�b<145W(C36;W9<B+,'ZW3O5I,.BYE�(CEg`'`f9r7:BC36bP�0/)M � `'3N|g7J>WBJ9VK�p$GW9j9r|L/WBJ9<(J(C36145l^_14BW* ¬v¬ 36(-7JGW9&5* ¬v¬ }_�4��� 89 : * �=< M+

�
�� ° � ��  ��

��� M V }J=WK#>�&8�
*+GW9<BJ9=¥ � 3O(y7:GW9l(Jb<BJ9&9<5W365?R�A69<5WR.7JG¢1V^)7:G?9l/21.7J9&587:36,.A ?H7JGW9!GI,.BC;Lmv(C/WGW9&BC9X;W36,.`'9<7:9<B�� ,V5W;¢7JGW9
3O5Q7J9&BJ,.b<7J36145'(C7JBJ9&5?R.7:G�1V^ 7:GW9),V7J7JB:,.br7:3Nq49+7d,.3OA � ¬v¬ GI,Dq49)Z]9<9&5�(C9<7-9<TQ>I,.A¯7:1h>?5W3O7vE.K�p$Gg>?(H7:GW90>W(C>I,.ABC9&;W>Wb<9&;§TQ>I,.587:3N7:3O9&( H � � � H � � � ko*+GW9<BJ9 H � ,.BJ9j7:GW9y/W,.BC7J3a,.A�;W9<5W(J3N7:369<(&k H �P� H � � ,V5W; T �j��� P ��  b&,.5[Z]9)36;W9<5Q7J3OtI9<;!,.( H � k H ,.5W; Q�T K�p 1�;W9&(Cb&BJ3OZ]9¦7JGW9)7JGW9&BC`f1g;?Eg5I,.`'36b@(C7d,U7:9¦1.^�7JGW9¦(CEg(Y7:9&`�*H9
^_>WBY7:GW9<B$36587:BC1L;?>Wb&9)7JGW9sb&1.5Wb&9<5Q7JB:,V7J36145!1.^ (C/]9<b&369<(PM4k
	[� � � ,V5W;[7:GW9s/I,Vbdcg3O5WR�^_B:,.br7:3O145 �u��� � H K

AI14BP7:GW3O(h(CEg(Y7:9&` 7:GW9Fb&A61.(J>WBC9FBJ9<Aa,V7J36145 7:1X7JGW9 wP¡ BC9&Aa,U7:361.5W(j^_1.Bh,X`'3N|g7J>WBJ9x}±�LK²� �4�s365�7JGW9&54g� 3O(
89 :
]
��� }_�4��� & �
< M
� ��� }_�4��� +W(�* ��� }_�4� �y��M � }J=WK#>LM��

�v5!7:GW9sq.9&BJ(C36145l1.^ 7:GW9 4C/ wP¡ � b&1.5W(J3O;W9&BC9&;lGW9&BC9P7JGW9Pb&AO14(J>WBC9PBJ9&A6,V7:3O145[BJ9&,.;W(
89 :
]
��� }_�4��� & �
< M
� ��� }_�4��� � ������ }��.� ® � ���� * ��� }_�4� �y��M V }J=WK#>4�4�

3O5Q7JBJ1g;W>Wb<365WR�(C7d,U7:9¦;W9</]9<5W;W9<5Q7+/W,.B:,.`'9<7J9&BC( � ���� ,.(H`y>?AO7:3O/WA63O9&BC(n1V^S7:GW90* ��� }��.�vm±7:9&BC` 1.^S7:GW90&54L�
14>L7:(J3O;W9[7:GW9!b<14BJ9VK AI>WBY7:GW9<Bu*e9=,.;W;{,§(C9&b<145W; 7J9&BJ` 7:GI,V7'BC9&/WBC9&(J9<587:(f7JGW9l/W>WBJ9!GI,VBJ;Lm�(J/WGW9<BJ9
;W3OBJ9<b<7¦b<14BJBC9&A6,V7:3O145X^_>W5Wbr7:3O145��� ���� }��.�rKsp$GW9.4/ wj¡ � b&A61.(J>WBC9!}�=WK5>8�4�+BJ9<;W>Wb&9<(s7:1�7:G?9y145W9y1V^n7JGW9&54g�«}�=WK5>?M���3O^�*H9¦tL| � ���� � +<(�,.5W;[(J9r70������� &h^_14B-�y��M�??365�7JGW934C/ wP¡ �hk?365�b<14587:B:,V(C7DkW7JGW9
/I,VB:,.`'9<7J9&BJ( � ���� ,.BC9¦5W1.7$t?|L9<;X,y/WBC3614BC3oZW>L7+365W(Y7:9D,V;!,.BJ9s;W9r7:9<BJ`'365W9<;[(J1�7:GI,U7$7:GW9<BJ`'1L;?Eg5I,V`f3Ob
b<145W(J3O(C7J9&5WbrEy36(©/I,.BY7:AOEP^_>WANtIA6AO9&;F}�(C9&9$Z29&A61�*@�£K©p$GW9+� 4h/I,.BY7:(	1V^I7:GW9-;?36BJ9<b<7	b&14BCBJ9&A6,V7:3O145�^_>?5Wb<7J36145W(<k



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� ���
� ������ }��.�rk@,.BJ9�3O5W;W9&/29&5?;W9&587l1.^P7:GW9§,U7J7:BJ,.b<7J3Oq.9x7d,.3OA6(�?@7:GW9x^�,.br7[7:GI,U7�7:GW9 � 4 BC9<^_9<BJ9&5?b&9§(CEg(C7J9&`
}�� ��� � ���yM��-3O(@,'145W9£mvb&1.`f/2145W9<5Q7@(CEg(Y7:9&` Eg369<A6;W(@� ������ }_� ? H V 	]� � �����&}�� ? H �rKH�@9&5?b&9.k2*H9�bD,.5=>W(J9,.R8,.3O5!7JGW9s� ,V36(J`f,.5[/I,VB:,.`'9<7J9&BJ3OzD,V7J36145 ;e=Q� A ^_14B+�����H*+3O7:Gl3O7J($`F,U7:GW9<`F,V7J36b&,.A]b<1458q49<5W369<5Wb&9<(&K

p$GW9!/I,VB:,.`'9<7J9&BJ( � � �� }J( V H V 	]�y,.BJ9[1.Z?7d,.3O5W9&;¤Z8E BC9&TQ>W36BC365WR�7JGI,V7�7:G?9[b&14`'/WBJ9<(J(C36ZW3OA63O7vE�,.5W;9&5W9<BJR.E=BJ14>L7:9PEL3O9&AO;=7:G?9&BJ`'1g;?Eg5I,.`'36bD,VA6AOEf(J9<AO^am�b&145W(C36(Y7:9&587)BJ9&(C>WAO7J(&K+p$GW9y(YEg`f`'9<7JBCE!BJ9<Aa,V7J36145?(01V^
7:GW9P(CEg(Y7:9&` AO9D,.;[7:1

� ¬v¬� }J( V H V 	]� � � ���� }J( V H V M + 	]� }J=WK5> ³ �
� ¬ �� }J( V H V 	]� � � ¬ �� }J( V H V M + 	]�r� }J=WK5>�=Q�

��9036587:BC1L;?>Wb&905W1�* ,.5f,.;W;W3N7:3O145I,.AI,V/W/WBJ1D|L36`f,V7J36145y^_14B�7JGW9 � �  (n*+GW3ObdGFGI,V(eZ29&9<5F`'1.7:3Nq.,U7:9&;uZ8E7:GW9P(J3O`f/?A69&B &54L� b&A61.(J>WBC9
� ¬v¬� }�( V H V 	]� � � ¬ �� }J( V H V 	]�� � ¬ �� }J( V H V M + 	]��� � ¬v¬� }J( V H V M + 	]��� � ���� }�( V H V 	]�

� � � }�( V H V 	]��� � � }J( V H V M + 	]� V }J=WK5>S?4�
BJ9&;?>Wb&3O5WR�7:GQ>W($7:GW9s5Q>W`hZ]9<B$1.^ >W5WcQ5W1�*+5=^_>W5?b<7:3O145W(H^_BC14`�7JGWBJ9<9¦7:1u145W9@*+GW36bdG!*+36AOA]Z29s;W9&5?1.7:9<;
ZQE � � }�( V H V 	]�rK�p$GQ>W(@7JGW9Pb&AO14(J>WBC9sBJ9<Aa,V7J36145W(s}�=WK5>8�4�HBC9D,.;�} � V�� � M V �4�

8��9
��
:
]
� � }_�4��� & ����M
� � � }��.��� � � }�( V H V 	]� � �� ° ����  �� ® � ¬ } H � � ��  ���A�9����  ��

�y��M
� ¬ � }_�4����� � � }�( V H V 	]� � �� ° ����  �� ® � ¬ } H � � ��  ���A�9����  ��

�y��M
� }J=WK5>f[8�

p$GW9�4C/ wP¡ � BJ9&TQ>W3OBJ9<()b&1.5W(J3O(C7:9<5Wb<E=Z29<7v*e9&9&5x7JGW9hb<14`'/WBJ9<(J(J3OZW36AO3O7vEFBJ14>?7J9y,.5?;=7:G?9h36587J9&BJ5W,.A�9&5Lm
9&BJRVEhBC14>?7:9VK	�v5h7JGW9-A6,V7J7J9&B�7:GW9eBJ9&A6,V7:3O145jZ]9r7v*H9<9&5u7:GW9e(C7:BC>Wb<7J>WBJ9-,.5W;h7JGW9&BC`f1g;?Eg5I,.`'36bn/WBJ1./]9<BC7:3O9&(
1.^?7JGW9e(YEg(C7:9<` 36(�/WBJ1�qg36;?9&;jZQEs7JGW9n9r|Lb&9<(J(�3O5Q7J9&BC5I,.A89&5?9&BJRVEf}�1�q49<B 7JGW9e3O;W9D,VA4R8,.(:�S/29&B >W5W3N7Sq414AO>W`'9.k
�xi � 
 ���F kWR.3Oq49<5l,.($,.5[3O5Q7J9&R4BJ,.Ao1�q.9&B$7:GW9s/W,.36Be/]1.7J9&587:36,.A6(n*H9<36R4G87J9&;!Z8E�7:GW9sBJ,.;W36,.A];?36(C7JBJ3OZW>?7:3O145
^_>W5Wb<7J36145?(h}��LK²��>8�rk?3±K 9.KNk

� � �1( �
� �

H � H � , * ��� }��.� ] ��� }��.�Y� � � � }J=WK5>.�4�
� +¦�1( H � , .¬ � �g� ° ���J� ¬ �� � 	 �

]
¬v¬ }��.� ® � 	©}YM + 	]� �

]
¬ � }_�4� ® }YM + 	]� �

]
��� }_�4�	�]� � � �

� +¦�1( H � � ��° � 	 � �] ¬v¬ }�¥ � � ® � 	©}YM + 	]� � �
]
¬ � }�¥ � � ® } M + 	]� � �

]
��� }�¥ � � � V

*+GW9&BC9 �
]
��� }�¥8�$;W9<5W1.7:9<($7:GW9���,./WA6,.b&9¦7JB:,.5W(Y^_14BJ` 1.^	�

]
��� }��.�rK

�@b&b&1.BJ;W3O5WR�7J1 7JGW9Xb<14`f/?BJ9&(C(J3OZW36AO3O7vE BC14>?7J9l7JGW9=7JGW9&BC`f1g;?Eg5I,.`'36b[/WBC14/29&BC7J369<(F,.BC9=1.Z?7d,.3O5W9&;
^_BJ14` 7JGW9PBJ9<Aa,V7J36145W(s}±�LK ³ M�� H ¬ N�(
	 ¬N H ¬ � MW+ H ¬ ,� ¬v¬ } Q � &4�



�H� ����7 ���	��
����������
������������������������ �"!#���%$������
H � N�( 	 �N H � � M + H � ,� ��� } Q � &8�H ¬ N�( 	 ¬N H � � + H ¬ ,� ¬ � } Q � &8�H � N�( 	 �N H ¬ � + H � ,� ¬ � } Q � &8�r� }J=WK#>�-8�

�v5j7:GW9ebD,.(C9H1.^L7:GW9<BJ`'1L;?Eg5I,V`f3Obnb<145W(C36(C7J9&5WbrE4k43�K�9VKOkV3O^L7:GW9�7:GW9<BJ`'1L;LEL5W,.`f3Ob&(�(C7J9&`'(©^_BC14` ,@>W5?36TQ>W9
�09&A6`'GW14AN7:z0^_BJ9&9P9<5W9&BCR.E!;W9&5?(J3O7vE)�!� �F 145W9P14Z?7:,.365W(-*+3N7:G

��� N�( �
���N�( V N �

���N H ¬ � 	
���¬ V N �

���N H � � 	
����

}J=WK#>�>8�
7JGW9Pb&145W(C36(Y7:9&5?b<E!b&1.5W;W3O7J36145?( N � �N H � ¬ � NN�( M N � ( �

���N H � ¬ O � NN�( M N�(
	
���¬N H ¬ O

� NN�( � + ,� ¬v¬ } Q � &8� �N����N H �� � NN�( � + ,� ��� } Q � &8� �N�� �N H ¬ N H � � NN�( � + ,� ¬ � } Q � &8� � � }�=?KOM�&�&8�
�¦>W9!7:1�7:GW9X,.(J(C>W`f/L7:361.5 36587JBJ1g;W>Wb&9<; 3O5 9&T¯K¦}�=WK5>S?4�h7:GW,V7�BC9&;W>Wb<9&(F7JGW9X5Q>W`hZ]9<BF1.^s>?5WcQ5W1�*+5
^_>W5?b<7:3O145W(	^_BC14` 7:GWBC9&9-7J1¦145W9Vk8145WAOEj145?9$	��	�§^_14B©7:GW9-;?9<7:9<BJ`'365I,U7:361.5h1.^¯7:G?36(	>?5WcQ5W1�*+5'^_>W5?b<7:3O145
3O(�5W9&b<9&(J(J,.BCE.K	4L1�3O5W(C7J9D,.;u1.^]7:GW9+b<14>W/WAO9&;u(CEg(C7J9&` 1.^ 	��	��()}�=?KOM�&�&8� *e9@145?AOEy5?9&9&;f145W9 	��	�$?4*H9
GI,Dq.9h;W9<b&36;?9&;=7J1F>W(C9�7JGW9j^_1.A6A61�*+3O5WR�A63O5W9D,.B+b<14`yZW3O5I,V7:3O145[1.^�7JGW9�	��	��(@1.^+}J=WKOM & &8�H*+GW36bdG=A69&,.;W(
7J1y7:GW9¦b<145W(C36(C7J9&5WbrE[BJ9<Aa,V7J36145FZ]9r7v*H9<9&5!7:GW9s3O5Q7J9&BC5I,.Ao9<5W9&BCR.E�BC14>?7J9s,.5W;[7:G?9¦BJ9<;W>Wb&9<;=3O(J1.7JGW9&BC`F,VA
b<14`f/?BJ9&(C(J3OZW36AO3O7vE H N � �N H � � MH M H � ¬ N � �N H � ¬ ® � H ¬ H � N � �N H ¬ H � ® H �� N � �N H �� O

� NN�( � M + MH �
���

H � H � ,� ��� } Q � &8� �
� NN�( M MU ��� � O V }�=?KOM�&LM��

*+3N7:G U ��� � � �� M + MH �
���

H � H � ,� ��� } Q � &4� 	� � ¬ �
M N�(EDN HZO � ¬ � }�=?KOM�&4�4�

p$GW9h,.;?qV,.587d,VR49�1V^	7:G?9hBJ9<(J>WAN7:3O5WR�	��	��3O(+7JGW9�^�,Vb<707:GI,V70*e9hbD,V5=7:BC9D,V7 	 �C>W(Y7s,.(@,f/W,.B:,.`'9<7J9&B<k
3�K�9VK�7:GW9/	��	�{b&,.5=Z29P(J14ANq49<;=3O5W;W9&/29&5?;W9&587:ANE[^_14B$;W3N\o9<BJ9&587$qV,.AO>W9&(+1.^ 	�K

p$GW9P7d,.(Cc�36(+5W1�* 7:1'9r|L/WBJ9<(J( U������ ,.(0,�^_>W5Wb<7J36145!1.^ �x(C1'7JGI,V7+9&T¯K©}�=?KOM�&LM��HZ]9<b&14`'9&(0, 	��	�^_14B-7JGW9P36587:9<BJ5I,VA 9&5W9<BJR.E.K



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � 
� ��� � � ��� ���0� �-���  � �	��� '&�� &�� � ! �'������ ��� �����!
A	36BC(C7Dk©*H9�b<145W(C36;W9<B�7:G?9�(J3O`f/WAO9&Bj9&TQ>W3O`f14A6,.BPbD,.(C9.Kx��^$*e9�bdGW1g14(C9�7:GW9f/I,.B:,V`f9r7:9&B �
	 M4k�3±K 9.KNk
7:GW9�,V7J7JB:,.br7:3O145[Z]9r7v*H9<9&5x>?5WA63Oc.9P/I,.BY7:36b<A69<($36($Aa,VBJR49<B-7:GI,.5lZ29<7v*e9&9&5=A63Oc.9P/I,.BY7:36b<A69<(&kW5W1u;W9<`f3 |L365WR
7:B:,V5W(J3N7:361.5s1Lb<b&>WBC(©,V5W;s7:GW9�A63OTQ>W36;Lm±qV,./]1.B27JB:,.5W(C3O7J36145¦3O(S9&587:3OBJ9<AOE¦(C3O7J>I,V7:9<;P365¦7:G?9 	[� ¬� /WAa,.5?9.K���97:GQ>W(	BC9&(Y7:BJ3Ob<7©365j7:GW9�^_14A6AO1�*+365WR$14>?B©b<145W(J3O;W9&BJ,V7:3O145W(S7:107:GW9n(J/29&b<3a,.AQb&,.(J9n*+GW9&BC9e7:G?9Hb&1.5Wb&9<5Q7JB:,V7J36145
1.^	7JGW9s7v*H1'b&14`'/2145W9&587J(03O($9&TQ>I,.A�kW3±K 9.KNk H ¬ � H � � �

�
K

�¦>W9¦7J1'7JGW9P(CEg`'`f9r7:BCEFBJ9<Aa,V7J36145
� ¬v¬ }�� ? H V 	�� M

� ��� � ��� }_� ? H V 	[� M
� � }J=WKOM & ³ �

,.5W;l36587:BC1L;W>?b&365?R�b&14BCBJ9&A6,V7:3O145�^_>W5Wbr7:3O145W( ��� V ��
��� i � � ¬v¬ � � ¬ �� }J=WKOM &�=Q�
�� i � � ¬v¬ ��� ¬ �� }J=WKOM &S?4�

7:GW9 wj¡ 9&TQ>I,V7J36145W(e;W9&b<14>W/WAO9)3O5Q7J1j7v*e1�9&TQ>I,U7:361.5W(&kg9D,.bdGF1.^ 7:G?9&` BJ9</WBJ9<(J9&587J365WRu,.5 wP¡ 9&TQ>I,V7J36145
1.^�,�/W>WBC9":I>W36;�}_;W9&5W1V7:9&;=Z8E ® 14BHm �

���X�~��� ® H ���� ����� }J=WKOM &f[8�
p$GW90b&AO14(J>?BJ90BJ9&A6,V7:3O145W(�^_14B�7:G?9@AO365W9&,.B�b&14`hZW365I,U7:361.5W(�1.^ 7JGW9@b<14BJBC9&A6,V7:3O145�^_>W5Wb<7J36145?(n5?1�* BC9D,.;

89 : � ` }_�4��� +jM � � M
� ` }��.��� � � }�( V H V 	]� ¬ ` �� �

�� ° ����  �� ® � ¬ } H � � ��  ���A�9����  ��
��� M }J=WKOM &.�4�

,.5W;
89 : � � }��.��� & ����M
�
�
}��.��� � � }�( V H V 	]� ¬ � �� �

�� ° ����  ��
�y��M � }J=WKOM & -8�

p$GW9!,.5I,.ANEQ7:36b'(J1.A6>?7J36145�1.^$7:GW9 wP¡ 9&TQ>I,V7J36145�*+3N7:G�7JGW9�b<A614(C>WBJ9�BC9&A6,V7:3O145�}J=WKNM�&.�4�s^_14B�7JGW9)� ®  m(CEg(C7J9&` GI,.(+Z29&9&5l(C7J>W;W3O9&;l9r|g7:9<5W(J3Nq49&ANE!365#;>=f=Wk�[ ³ k ?4� A�K
p$GW90b&AO14(J>?BJ90BJ9&A6,V7:3O145y^_14B�7:G?9/� m  mv(YEL(Y7:9<` 36(�bdGI,.BJ,.b<7J9&BJ3Oz&9<;�Z8E',j;W3N\o9<BJ9<5Q7eb&1.BJ9+b&145?;W3O7J36145�^_14B

�
�
}_�4�£K�Y09<q49<BC7JGW9&AO9&(J(<kI,.5F,.5I,.ANEg7J36b$(C14A6>?7J36145'1.^]7:GW9 wP¡ 9&TQ>I,U7:361.5f*+3O7JGfb<A614(C>WBJ90BJ9<Aa,V7J36145=}J=WKOM & -8�

bD,.5uZ29$;W9&BC3Oq49<; k89&3N7:GW9<B�qg3a,@7JGW9 ��,./WAa,Vb&9H7JB:,.5W(Y^_14BJ` 7:9<bdGW5W36TQ>W9+1.^¯qg3a,07:GW9-^�,.br7:14BC36z&,V7:3O145y`'9<7:G?1L;
1.^ �-,�|L7J9&B ; �\=\A�?I;W9<7:,.36AO(-1.^©7:GW9PbD,VA6b&>?Aa,V7J36145�b&,.5lZ]9¦^_14>?5W;=3O5!�)/W/29&5W;?3N|!��K

��9P5W1�*�36587JBJ1g;W>Wb&9��P� � ¬ ` � �J� °� ¬ � �:� °
,.5W;[7:GW9PTQ>I,.587J3O7vE
�!� } MW+ �?�� MU ��� � � }J=WKOM & >8�



��� ����7 ���	��
����������
������������������������ �"!#���%$������
p$GQ>W(09&T¯K }�=?KOM�&LM��HZ]9<b&14`'9&( ���

} M + �W� � N �N � N��N�( � H N � �N H � � }�=?KOM4M &8�
�v5f,.5u9<\]14BC7�7J1P7J>WBJ5u7:G?36(�BJ9<Aa,V7J36145�3O587:1j,�	��	��^_1.B � k ��GI,V(�7J1�Z29+9r|L/WBC9&(J(C9&;[,V(e,¦^_>W5?b<7:3O145'1.^ H,.5?; ��K��)b<b&14BC;W365WRj7:1��0¨.E49¦,.5W;��eA6>W` ;C> -\A],.5W;�(Y7:3Obdcg3O5WRh7J1�7:G?9¦5W1.7:,V7:3O145f>?(J9&;[3O5f7JGI,V7$,VBC7:3Ob&AO9
7JGW9P3658q49<BJ(J9jb&1.`f/WBC9&(C(J36Z?36A63N7vEuqL36,y7:GW9":I>Wbr7:>I,U7:361.5!7JGW9&1.BJ9&`�^_1.B+,.5!9&TQ>W36`'14A6,.Bh:I>W3O;!`f3 |L7J>WBJ9s3O(

MU ��� � � M + MH �
� � �

H � H � ,� ��� } Q � &8�
� MH �

�
H � . ª ��1( 0 � � . ª `�)( 0 � V }�=?KOM4M.M��

*+GW9<BJ9+*H9+GI,Dq.9@>W(C9&; ªj¬ � ª ` ® ª � V ª � � ª ` + ª � ,.5W; ª � � &'}�(C9&909&T¯K2}���K#-4��1V^o�@/W/]9<5W;W3 |
�¦�rK �@(C365WR�7JGW9j,.5I,.ANEg7J36bs9£|?/?BJ9&(C(J3O145l^_1.B ª ` R43Oq.9&5l365#;L[ ³ A�k ��b&,.5lZ]9s*+BJ3N7J7J9&5l,.( ;c?@>\A

�!� + }�¥ �¬ +¤¥ �� � ® = � � � � `� + � `¬ �= � � � ° � `� + ��°�  � `¬ � + ¥ �¬ + ¥ ��¥ ¬ ¥ �
� `¬ � `� � � `� + � `¬ �� �Y��° � `� + ��°�Y � `¬ � � }�=?KOM4M��4�

*+GW9<BJ9s7:G?9jTQ>I,V5Q7J3O7J369&( � `¬ ,.5W; � `� ,.BC9sR43Oq.9&5lZ8E
� `¬ � � + � �0+ � ¬

� � }�=?KOM4M ³ �
� `� � � + � �0+�� ¬

� �
�

p$GW9PBJ,V7:3O1
� ¬
� �

� = ® �.¥ � +¤¥ ���?}±� ® ¥ � �
� ��� `� + M
� ��� `� +�M }�=?KOM4M�=Q�

;W9</]9<5W;W(0145[7:GW9P3O5Q7J9&R4BJ,.A±k
� `� �Z= ( H-, .¬ � �U� � �g�±°Y���J� ¬ �

]
` }_�4� V }�=?KOM4M ?4�

7JGW9@9£|L/WBJ9<(J(J3O145 
 
 �
3O(n1.Z?7d,.3O5W9&;'^_BJ14` }�=WKNM4M =Q��,V5W;�}J=WKOM.M ?4��Z8EuBJ9&/?Aa,.b<365WRP7:GW90365?;W9r|f�PZ8E!M4K�p$GW9

TQ>I,.587J3O7:3O9&(�� � ,.5W;l� � ;?9&/29&5W;=145WAOEF145[7:GW9P(Cb&BJ9<9&5W3O5WR'A69&5?R.7:GW(0¥ � ,.5W;=,.BC9sR43Oq.9&5lZQE
� � � M

�.¥ � . ¥ � +¢�¥ � ® �f® � �g�
� 0 }�=?KOM4M [8�

� � � M
�.¥ �

M ¥ �� ® �.¥ � + == ® �.¥ � + ¥ �� ® � �g�
� O } �©� M V �4�r� }�=?KOM4M��4�

� 3N7:G�}�=WKNM4M ?.�H,.5W;!*+3O7JG!7JGW9P;W9<tW5W3O7J36145!1.^ 7:GW9P3O5Q7J9&R4BJ,.A
� � � = ( H , .¬ � �U� � �g� ° ���J� ¬ �

]
�
}��.� }�=?KOM4M -8�



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � �
7:GW9P9r|Lb<9&(J(@36587:9<BJ5I,VAS9&5W9<BJR.E[/29&B+>W5?3O7$q41.A6>W`'9.k ��kW9<T¯K	}J=WK5>.�4�HbD,V5lZ29PBJ9r*+BJ3O7C7:9<5X,.(

�!� + H � . M ® �
� � `� ® M + �

� � � 0 � }J=WKOM.M�>8�
p$GW9�/W,.BC7J3a,.A];W9&BC3OqV,V7:3Nq49Vk � ���� kI,V/W/]9&,.BJ3O5WRu365!9&T¯K }J=WKOM.M�&8�H5W1�*�Z29&b<14`'9&(N �N�� � N �N � `¬ N � `¬N�� ®

N �N � `� N � `�N�� � }J=WKOM���&8�
�v5�14BJ;?9&B�7:1h;?9<7:9<BJ`'365W9+7:G?9@;W9<BJ3Nq.,U7:3Oq.9&( � * ���� ,.5W; � * �°��� *e9)5W9<9&;[,.;?;W3O7J36145I,VAI,.5I,.ANEQ7:36b+BC9&(J>?AO7:(<K�p©1
7:GW3O(09<5W;!*H9j>W(J9j,y^_>WBY7:GW9<B09<TQ>I,V7:3O145lR43Oq.9&5!365#;L?�>\A�k

� = � �"+ � � + � ¬ � � � �0+ 	 ` � +¤¥ �¬ � �� =@}�¥ �� + =¯}�� ` � �£� }�� ` + 	 ` � � +~}�¥ �¬ +¤¥ �� �S}_¥ �¬ + ¥ �� ® =@}Y}�� ` � �	+ } 	 ` � �£�C� �� + �
� " �C� 	�²�Y�` � � ° } � ° �g� °° � � °  � ¬ }�� ` + 	 ` � " }J=WKOM��LM��

*+3O7:G
	 ` � � �0+ ¥ �¬= � `¬ }J=WKOM��4�4�
� ` � � �0+ ¥ ��= � `�,.5W; � � � }�= ® �.¥ � +¤¥ �� � � ��+}�� ® ¥ � �L� �

} �©� M V �4�£� }J=WKOM�� ³ �
��9u*+BJ3N7:9u9&T¯Kn}�=?KOM��gM��@^_14BJ`f,.AOAOEX,.( � ¬ } 	 ` V � ` V H �¦� &?k�14B&k�*+3O7JG�7:GW9'9r|L/WBC9&(J(C36145?(�}J=WKOM��4�4�@^_14B
	 ` ,.5W;�� ` 3O5W(J9<BC7:9<; ,.( � ¬ } � `¬ V � `� V H �P� &?KF�«(J9<b&145W;�9&TQ>I,V7J36145 bD,.5�Z]9u;W9<BJ3Nq49&;�,.(P^_14A6AO1�*+(<i
tIBJ(Y7Dkn,.5¤,.5I,VA614R=9&TQ>I,V7J36145 7J1¢}�=WKNM��LM��P365Wb<A6>W;?365WRl7:GW9�>?5WcQ5W1�*+5¢^_>W5?b<7:3O145 � � 3O(y14Z?7:,.365?9&; Z8E9r|LbdGI,.5WR.365WRu7:GW9P3O5W;W36b<9&(PMj,.5W;X�Lk?7JGW9PTg>W,.587:3O7J369<( 	 ` ,.5?;�� ` ,.5W;!BJ9</WAa,.b<365WR � ¬ Z8E � � ¬ ` �� i

� = � �0+ � � + � � � � � � +�� ` � +¤¥ �� � �� =@}�¥ �¬ + =I} 	 ` � � �S}�� ` + 	 ` � � +~}�¥ �¬ +¤¥ �� �S}�¥ �¬ +¤¥ �� ® =@}C}�� ` � � +~} 	 ` � � �J� �� �
� " �J� 	°� �±°�` � � ° } � ° �g� °° � � °° � � ¬ ` �� }�� ` + 	 ` � " � }J=WKOM��\=Q�

�v5!7:GW9P�@/W/]9<5W;W3 |!� 3O7+3O($(JGW1�*+5=7JGI,V7�}_�hKL=.&8�[ � � � M + �
� � . M= ¥ �� +~}�� � � � 0

M ¥ � ® �
¥ ��

� � � =¯} M + � � �<}YM +�� � �G+¤¥ �� � O � }J=WKOM��f?4�
*+GW9&BC9

� � � M + ¥ ��= � �� V � �� � M + � ¬
� � }J=WKOM���[8�



��� ����7 ���	��
����������
������������������������ �"!#���%$������
,.5?;

� ¬
� � �

= ® �V¥ � +¤¥ ���W}±� ® ¥ � �
� ��� � + M
� � � � +�M � }�=?KOM����4�

��A63O`f3O5I,V7J36145'1.^ � � 365!9&TQ(&K©}J=WKOM��\=Q�H,.5?; }J=WKOM��f?4�eEg369<A6;W(-7JGW9P(J9&b<145W;=9&TQ>I,V7J36145
� = � �0+ � �0+ � � � � � � + � ` � +¤¥ �� � �

� =@}�¥ �¬ + =¯} 	 ` � �d�S}�� ` + 	 ` � � + }�¥ �¬ + ¥ �� �S}�¥ �¬ +¤¥ �� ® =@}C}�� ` � � +~} 	 ` � �r�C� �� ¬ �} � ° �g� °° �
¬ ` �¬ � � }�� ` + 	 ` � " }�¥ �� + =¯}�� � � �r�;>=@} M + � � �S}YM + � � �G+ ¥ �� A � }�=?KOM��@-8�

14B$(CbdGW9&`f,V7J36bD,VA6AOE'*+BJ3N7J7J9&5l,.( � � } 	 ` V � ` V � � V H ��� &?kW14B<k � � } � `¬ V � `� V � �� V H ��� &uBC9&(C/]9<b<7:3Nq49<AOE4K
p 1�bD,.AOb&>WA6,V7:907:GW9¦;?9&BJ3NqV,V7:3Nq49&(H365§}J=WKOM���&8��*e9P5W9&9<;[7:1y9£|?/?BJ9&(C( �X,.(e^_>W5Wb<7J36145F1.^ � `� ,V5W; � �� K

�0(J365?R'9<TQ(&K©}�=WKNM4M ³ kC=WKNM4M =Wk =WKOM���[?kC=WKNM�� �.�e*H9P14Z?7:,.365[*+3N7:G* � i²� �W}±� ® ¥ � �= ® �V¥ � +¤¥ �� }�=?KOM��@>8�
� `� � * � � �"+ � �0+ � `� � + M

� � * � � �0+ � �0+ � `� � +	� �
}�=?KOM ³ &8�

� � � * � � MW+ � �� �3+�M
� � * � � M + � �� � + � �

}�=?KOM ³ M��
}�=?KOM ³ �4�

,.5?;!7JGQ>W(&kIqg3a,l}�=?KOM4M >8�rk
���

]
} � `� V � �� V H � }�=?KOM ³.³ �

*+GW9<BJ9 ]
} � `� V � �� V H � � + H � �� M ® �

�
* � � �"+ � �0+ � `� � + M

� � * � � �0+ � �0+ � `� � +	� � ®
M + �
�

* � � M + � �� � +�M
� � * � � M + � �� � + � �

	� }�=?KOM ³ =Q�4L>?`f`f,.BJ3Oz&3O5WRWk8*H9P7:G?9&BJ9r^_14BJ9P14ZL7d,.3O5=,�(C9<701.^ 7:GWBC9&9jb&14>W/?A69&;!5W1.5WA63O5W9D,.B$9<TQ>I,V7:3O145W(
� ¬ � � `¬ V � `� V H � � &

� � � � `¬ V � `� V � �� V H � � &
�6+ ]

} � `� V � �� V H ��� & }�=?KOM ³ ?4�



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� ���
A¯1.B@R43Nq49<5XqV,.A6>W9<(@1V^ H ,.5W; �=7:GW9�z&9&BC14(¦1.^	7:GW9<(J9h9<TQ>I,V7:3O145W(0EL3O9&AO; � `¬ V � `� ,V5W; � �� 3O5=7:9<BJ`'(@1V^H ,.5W; ��K

��TQ(&Kh}�=WKNM ³ ?.��,.BJ9 (J14ANq49<; 5Q>W`'9&BJ3ObD,.AOAOE{*+3O7:G BJ9<(J/29&b<7l7:1 � `¬ V � `� ,V5W; � �� Z8E~, Y@9<*$7J145Lm�@,./?GW(J145l`'9<7:G?1L; K�p$G?9�/I,VBC7:36,.Ao;?9&BJ3NqV,V7:3Nq49&( � * ���� V � * �°��� ,.BC9P;W9<7J9&BJ`'365?9&;!36`'/WA63Ob&3N7:AOEh7:GWBC14>WR4G
����
�
� * ����
� * �°���
� * °���

	 



� �

�����
�
� � � * � � � � * �° &
� � °� * � � � °� * �° � � °� * °& �

�
� * �° �

�
� * °

	 




�
� ¬ ���

�
&&
M

	 


� � }J=WKOM ³ [8�

p$Gg>?()9&T¯K }J=WKOM.M�&8�e7d,Vc.9&($7JGW9s^_14BJ`
% } H V �]� N��N�( � � } H V �]� N�� �N H � }J=WKOM ³ �4�

*+3O7:G

% } H V �]� � ���
} M + �W� � � N �N � `¬ N � ¬N � `� + N �N � `� N � ¬N � `¬ � N � �N � �� }J=WKOM ³ -8�

� } H V �]� � H � M N � ¬N � `¬ N � �N � `� + N � �N � `¬ N � ¬N � `� O N ]
N � �� + N � ¬N � `¬ N � �N � �� N ]

N � `� � �
�)A6A�7:G?9y/I,.BY7:3a,VA©;W9<BJ3Nq.,U7:3Oq.9&(@365x9<Tg(<K�}�=?KOM ³ -8�@,.BC9hb&,.A6b<>WAa,V7J9&;�,U7¦b&1.5W(C7:,.587 H ,.5W;�bD,V5�Z]9y;?9<7:9<BYm`f3O5W9&;l,.5I,VAOEQ7:3ObD,.AOAOE'>W(J3O5WR N � ¬N � `¬ � N � ¬N 	 ` N 	 `N � `¬ 9r7:b.K }J=WKOM ³ >8�
p$GW9hBC9&(J>?AO7:3O5WRu9r|L/WBC9&(J(C36145?(¦,.BC9j9rqV,.A6>I,U7:9&;=,V7$7JGW14(J9PqV,.A6>?9&(+1.^ � `¬ V � `� ,.5W; � �� *+G?36bdGx,VBJ9P(J14AO>Lm7:361.5W($1.^	7JGW9P(CEg(C7J9&` 1.^©5W145?A6365?9D,.B-9<TQ>I,V7:3O145W(�}�=?KOM ³ ?4�e^_14B$R43Nq49&5[qV,.AO>W9&(+1.^ H ,.5?; ��K

p$GW9 	��	��}�=?KOM ³ �4�P3O(y,X5?145LmvAO365W9&,.BP/I,.BJ,.Z]1.A636b'9&TQ>I,U7:361.5�7:GI,U7h*H,.(y(J1.AOq49<; 5Q>W`f9<BJ3ObD,.AOAOE ,.(
9r|L/WAa,V365W9<;�365 ;c?\=\A)145 }�( V H � � ; & V ( � A � ; & V H � A±K p$GW9X3O5W3O7J3a,.A$b<145W;W3N7:3O145 ,V5W; 7:G?9xZ]1.>W5W;I,.BYE
b&145W;?3O7:3O145W(�1.^$7:GW9�	��	� GI,Dq.9�Z]9<9&5 bdGW1.(J9&5¢,.(h365 ;L?�>\A�K AI14B ( � &?k©*H9F7:,.c.9

]
` �

]
���h,.5W;]

�
� &?kIG?9&5Wb<9

�©} H V (x� &8� � +)�1( H � M ® �
� ,/.¬ � �U� � �g��° ���J� ¬ �

]
���<}��.� }J=WKOM�=.&8�

�©} H ��& V (©� � &  ( }J=WKOM�=WM��N�� �	} H � V (©�N H � � N����©} H � V (x� &8�N H �  ( }J=WKOM�=Q�4�
�v5§,.;W;W3N7:361.5 k � 3O5X9<T2K�}�=WKNM =.&4�+b&,.5�Z]9�;W9<7J9&BC`f3O5W9&;�,V5I,.AOEQ7J36bD,VA6AOE2ie365=^�,Vb<7Dk2^_14B (�� &Lk � `¬ } H �+36(cg5?1�*+5l9r|L/WAO36b<3O7:ANEl}�(C9&9s�@/W/]9<5W;W3 |[� 1V^ ;L?�> A �£K w 5?9¦bD,.5[(C14AOq.9s9&T¯KS}J=WKNM4M��4��^_14B � `� ,.($,j^_>W5Wb<7J36145



� � ����7 ���	��
����������
������������������������ �"!#���%$������
1.^ � `¬ k��X,.5?; H K���^S*H9)>W(J9)7JGW9"/ 4F9£|L/WBJ9<(J(J3O145�^_14B U � � � 7:1h14Z?7d,V365 �	}�(���&8��7JGW9&5 � `� } H V (���&8�
3O($cg5?1�*+5oK 4L3O5Wb&9 � � } H V (x� &8����&u*e9P14Z?7d,V365[^_BJ14`�9&T¯K©}�=WKNM��f?.�

� � }J(�� &8��� + M� ¥ � }�=?KOM = ³ �
,.5?;!*+3N7:Gl9&T¯K }�=?KOM��\[8�

� �� }J(§� &8��� ¥ ���W}±� ® ¥ � �
� }�=?KOM =�=Q�

p$GW3O(-Eg369&AO;W($*+3O7JGl9<T¯K }�=WKNM ³4³ � �©} H V (���&8�rK
p$GW9�>W5?/WG8EL(C36b&,.A�BJ9<R4361.5xZ]1.>W5W;W9<; Z8E=7:GW9y(C/W365?1L;I,VA	b&>?BCq49<(s*+GW9&BC9y7:GW9yb<14`'/WBJ9<(J(J3OZW36AO3O7vE!;W3 m

q.9&BJR.9&(&k 3±K 9.KNk *+GW9<BJ9 ��q.,V5W36(CGW9&(<k 3O(s9r|Lb&AO>W;W9<;�^_BJ1.` 7:G?9�36587:9<R4B:,V7J36145oKhp$GQ>W(jZ]9<A61�* 7JGW9ub&BC3O7:3ObD,.A
7J9&`'/]9<B:,V7J>WBJ9P}J(�� ( b ��7:GW9 	��	� 3O(�(J14ANq49<;'3O5y7:GW9$AO1�* ,V5W;uGW36R4G�;?9&5W(C3O7vE�/WG8Eg(J3ObD,.A?BJ9&R.36145y*+GW9<BJ9�x� &�(J9</I,.BJ,V7:9<AOE�*+3N7:G[7:GW9j,.;?;W3O7J36145I,VAoZ214>W5W;I,VBCE[b<145W;W3N7:361.5W(

�	} H��
� V (©��� � � } H��
� � �©� M V � V (�� ( b }�=?KOM =S?4�
*+GW9<BJ9 H��  ,.5W; H�� ° ,VBJ9j,./W/WBC1D|?3O`F,U7:9&($^_14B$7JGW9�;?9&5W(C3O7:3O9&(01.^	7JGW9PA61�* ,V5W;XGW3OR4GLm�;W9&5W(C3O7vE[Z?B:,.5WbdG
1.^n7:G?9'(C/W365?1L;I,VA	*+GW9&BC9 �¤� &?K � � } H �@m+7:GW9�qV,.AO>W9u1.^e7JGW9u9r|Lb&9<(J(�36587:9<BJ5I,.A�9<5W9&BCR.E ,V7P;W9<5W(J3N7vEH *+G?9&BJ9l7:GW9=b&14`'/WBC9&(J(C36ZW3OA63N7vE ;W3Nq49&BCR49&(umy3O(f;?9<7:9<BJ`'365W9<; 3O5¢7JGW9l^_1.A6A61�*+3O5WR�*-,DE2i �eE¤(J9r7J7J365WR�x� &'365X9<T¯K�}J=WKOM.M��4�-145W9�14Z?7d,V365W( � `¬ � � `¬ } H V � `� �rK$�v5?(J9&BY7:3O5WRF7:G?36(09r|L/WBJ9<(J(C36145x3O5X9<T2K	}�=?KOM��gM��145?9=14ZL7d,.3O5W(F,�5W145WAO365W9&,.Bu9&TQ>I,V7J36145¢^_14B � `� K p$GW9X(J14AO>?7:3O145{1V^¦7:GW3O(f9<TQ>I,V7:3O145�,VA6A61�*+('145W9!7:1
;W9r7:9<BJ`'365W9h7JGW9�qV,.A6>W9h1.^ � `� } H �@*+GW9<5 � � &�7:GQ>W(sEg369<A6;W3O5WRFqg3a,F7JGW9�BJ9<Aa,V7J36145 � `¬ � � `¬ } H V � `� �7JGW9-b&1.BJBJ9<(J/2145W;W3O5WR¦qV,.A6>?9H1.^ � `¬ } H ��^_14BB�l� &?K©��^¯7:GW9<(J9-qV,.A6>?9&(�1.^ � `¬ } H �	,.5W; � `� } H �	,.BJ9H365W(C9&BC7J9&;3O5F9&T¯K�}J=WKNM���-8��145W9¦1.Z?7d,.3O5W(-,�5W145WAO365W9&,.Be9<TQ>I,V7:3O145F^_14B � �� K���7:(H(J14AO>?7:3O145F3O5W(J9<BC7:9<;[365�9<T¯KS}�=?KOM ³.³ �tI5W,.A6ANEfEg369<A6;W( � � } H �£K

p$GW9j/WBJ9<(J(C>WBJ9 D ,.5W;lbdGW9<`f3ObD,.A /21.7J9&587:36,.A6( 	 ¬ ,.5?; 	 � ,.BC9P14Z?7d,V365W9<;lZ8E[3O587:9&R.B:,V7J36145[1.^N�(
	 ¬N�( � NN�( N�( �N H ¬ � NN H ¬ N�( �N�( � N��N H ¬ }�=?KOM =f[8�N�(
	 �N�( � N �N H � }�=?KOM =.�4�N�(EDN�( � + � ® H N��N H }�=?KOM = -8�
}�=?KOM = >8�

*+3N7:G!BJ9<(J/29&b<707:1�(�K�p$GQ>W(N��N H � 	
N��N H ¬ ® } M + 	]� N��N H � � 	

N�(
	 ¬N�( ® } M + 	]� N�(
	 �N�(
� N�(
	 ¬N�( }�=?KOM ?@&8�

�v5u7:GW9+A6,.(C7�9<Tg>W,V7:3O145f1V^�}�=?KOM ?@&8� *e9@(C9<7 	!� ¬� ,.5W;u*H90GI,Dq490>W(J9<; 	 ¬ } 	!� ¬� �n� 	 � } 	!� ¬� �£KBAI14B7JGW9sq.,VA6>W9<($1.^©7JGW9s7:GW9<BJ`'1L;LEL5W,.`f3Ob¦TQ>I,.587:3N7:3O9&(0,V7 (�� &�*e9jGI,Dq49j>W(J9<;l7JGW9 / 4!9£|?/?BJ9&(C(J3O145W(&K



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � �
� ��� ��� � !�� ����� �

0 0,2 0,4 0,6 0,8

ρ∗

0,
6

0,
8

1
1,

2
1,

4
1,

6
1,

8
2

T
*

A	36R4>?BJ9'=?K �LM.iW/H1L9£|?3O(C7J9&5Wb<9yb&>WBYq49<(j1V^�7:GW9�9&TQ>W36`'14A6,.B+GI,.BJ;gmvb&1.BJ9 � >WcU,D*H, :I>W36;l*+3O7JGx(Jb<BJ9&9<5W365?R
A69&5?R.7:G�¥.� � M.�#-!365§7:GW9u7:9<`f/29&BJ,V7:>?BJ9rm�;W9&5?(J3O7vE§/?Aa,.5W9u^_14BP;W3N\o9<BJ9&587jqV,.A6>W9<(�1V^H7:G?9f3O5Q7J9&BJ,.b<7J36145
B:,V7J361��eK%AIBJ1.`�7:1./!7J1uZ]1.7C7:14`liB� � � V M4�X? V M4�²� V M4�NM V M.�#& V &?�#>LK

��9)b<145W(J3O;W9&Be`f3 |g7:>WBC9&(�*+3O7:GF;W3O\]9&BC9&587-BC9&Aa,U7:3Oq.9@3O587:9&BJ,.b<7J36145'(C7JBJ9<5WR.7:G?($��BJ,.5WR43O5WRj^_BC14` �§�
�Lk81�q49&B �§� M-7J1�� ��&?�#>LK	�v5u7:GW9$tIBC(C7�bD,V(J9.k � � �gk47:GW9+>W5WAO36cV9$36587:9<B:,.br7:361.5�;W14`'365I,V7J9&(	7JGW9+A63Oc.9
36587:9<B:,.br7:361.5 k?^_14B � � Ms7:GW9P`'3N|g7:>?BJ9PBJ9<;W>Wb&9<(07J1F,�145?9rmvb<14`'/]145?9&5870(CEg(C7J9&`lk¯*+G?36A69¦^_1.B ��� &?�#>
7:GW9sAO36c.9@36587:9<B:,.br7:3O145F*e9D,.cQAOEF;W14`'365I,U7:9&(n7:GW9)>W5WA63Oc.9@145W9.Kn�01�*e9<q.9&B<kW7:GW9s;W1.`f3O5I,.5Wb<9)1.^S7JGW9sA63Oc.9
36587:9<B:,.br7:361.5 k]7JGI,V7)7JBJ3OR4R49&BC(07JGW9y;W9<`f3 |L365WRf1.^�7:GW9 :I>W36;X`f3 |L7J>WBJ9�36(@(C7:3OA6AS7:1g1f*e9D,Vc=7:1FA69D,V;X7:1[,
;W9&`'3N|L365?Rj7JB:,.5W(C3O7J36145u*+3O7JGW365u7:GW90;W9<5W(J3N7vEF,V5W;F7:9<`f/29&BJ,V7:>?BJ90B:,.5WR.907JGI,V7e36(n9r|L/WA61.BJ9&;okLGW9<5Wb&907:GW9
b&1g9r|L36(Y7:365?RhqV,./]1.BH,.5?; :I>W36;F/WGI,.(C9&($,.BC9)Z21.7:GF9&TQ>W36`'14A6,.B&K©�v5!,.A6A¯bD,VA6b&>?Aa,V7J36145W(�*e9¦(J9r7+¥.�x� M4�5-?K
p	,.Z?A69'}�=?KOM�&4�H(JGW1�*+(+7:GW9sqV,.A6>?9&(j} H � b V T �b �H1.^©7JGW9sb&BC3O7J36bD,VAo/21436587:(-^_1.B-7:GW9P;W3N\o9<BJ9&587 ��qV,.A6>?9&(+,.5W;tIRWK }�=?K �LM��H(JGW1�*+(@7JGW9PZW365?1L;I,VA b&>WBYq49<(&KH��7@,./?/]9&,.BJ($7:GW,V7+*+GW9&5,� ;W9&b<BJ9D,V(J9&(07:GW9jZW3O5W1L;W,.Aob<>WBCq.9
(JGW3N^ 7:(+;W1�*+58*-,.BC;=*+3N7:G=,u;?9&b&BC9D,.(C9h1.^ 7:G?9jb<BJ3N7:36b&,.A]7J9&`'/]9<B:,V7J>WBJ9s^_BC14` T �b � M4�5-�= ³ ,V7 �§���h7:1T �b � M.�OM ?@-=,V7�� � &?�#>Lk©BC9&(J/29&br7:3Nq49&ANE4K�p$G?9f3O5:I>W9<5Wb&9'1.^H7JGW9uq.,VBJ3a,U7:361.5�1.^ � 145 7:GW9ub<BJ3O7J36b&,.A
;W9&5W(C3O7vE H � b 3O(h`y>?bdG (J`f,.A6AO9&B�?�3O5�^�,.br7 H � b � &?� ³ M ³ ,.5W; H � b � &?� ³ M =x,V7=� � �x,.5W; � � &?�5>?k



�	� ����7 ���	��
����������
������������������������ �"!#���%$������
BC9&(J/29&br7:3Nq49&ANE4K 4g36`'36Aa,VBH7:9<5W;W9&5?b&369<()GI,Dq.9hZ29&9&5=BJ9</]14BY7:9<;X365=,u(C7:>?;?ElZQE /-,.b<bD,.`'1 ��� ��798 365#; >�>\A
>W(C365WR�7JGW9 &X� Y /~7:GW9<14BCE.K

� � M.K ? M4K²� M4KOM M &?K5>H � b &LK ³ M ³ &?K ³ M = &?K ³ M = &LK ³ M�= &?K ³ M = &?K ³ M =T � M.K#-�= ³ M4KX?4��> M4K ³ =Q� M.K ��-�& M4K²�LM�> M4KOM ?�-
p©,.ZWAO9 =WKNM�&?i /HBC3O7J36bD,VA];W9<5W(J3N7:3O9&($,.5?;�7:9&`'/29&B:,U7:>WBC9&(H^_14Bn7:GW9)9&TQ>W36`'14A6,.BeGW,.BJ;Lm�b&14BC9 � >WcU,D*-, :I>?36;
^_14B$;?3O\]9&BJ9<587$q.,VA6>W9<(01V^©7JGW9P36587:9<B:,.br7:361.5lBJ,V7:3O1��eK

0 0,2 0,4 0,6 0,8
ρ∗

0,
6

0,
65

0,
7

0,
75

0,
8

0,
85

0,
9

T
*

A	3OR4>WBC9 =WK �.�Li /H1g9r|L3O(C7:9<5Wb&9fb&>WBYq49f1.^e7JGW9'9&TQ>W36`'14A6,.BsGI,.BC;Lmvb<14BJ9 � >WcU,D*-, :I>W3O; *+3N7:G (Jb&BC9&9<5W365WR
AO9&5WR.7JG�¥y� �L�L=@?¦,.5W;�3O5Q7J9&BJ,.b<7J36145yBJ,V7:3O1'�§� &?�5> &¦3O5h7:GW9-7J9&`'/]9<B:,V7J>WBJ9£mv;W9<5W(J3N7vEh/?Aa,.5W9VK AI>WAOALAO365W9Vi4C/ wP¡ � BJ9&(C>WAO7J(&K 	�A6>W(C9&(&i<1c� &5/ BJ9<(J>WAN7:(@^_BC14` /-,.b<bD,.`'1 ��� ��798 ;C> >\A�K0p$GW9h3O5Q7J9&BC/]14A6,V7:9<;X9<(C7:3 m
`f,V7:9H1.^]7JGW9+b&BC3O7:3ObD,.AL/]1.36587�^_BJ1.` &5/¤BJ9&(C>WAO7J(�36(�R43Nq49<5fZ8Eu,s;W36,.`f1.5W; KG4g7d,V7J36(Y7:36b&,.A?>?5Wb&9<BC7d,V36587:3O9&(
3O5�7:GW9P(J3O`y>WA6,V7:3O145[,.BC9j(CGW1�*+5XZ8E[GW1.BJ36z<14587d,.AoZI,.BJ(<K

�v5=tWRWK }�=WK²�4�4�e*e9hb<14`'/I,.BJ9¦7JGW9'4C/ wP¡ � ZW3O5W1g;I,.A b<>WBCq.9�^_14B ��� &?�5>',V5W;X(Cb&BJ9<9&5W3O5WRFAO9&5WRV7:G
¥.��� �g�c=@?y*+3O7JG 1c� &5/ (J3O`y>WAa,U7:361.5[BJ9&(C>WAO7J(@BC9&/214BC7J9&;=365 ; > >�A±K-p$G?9h;W9<5W(J3N7vE=1V^�7:GW9jb&1g9r|L3O(C7:3O5WR
AO36TQ>W36;F/WGI,.(C9�3O($(JA63OR4G87:ANEF1�q49<BJ9<(C7:3O`F,U7:9&;lZ21.7:G!365[7JGW9 4C/ wP¡ � ,V5W;=3O5[7:GW9 &X�<Y0/ 7JGW9&1.BCE ;C> >\A�K
p$GW9 &5/ ,V5W; &X�<Y0/ BC9&(J>?AO7:(nZWBJ,.bdc.9r7H7:G?904C/ wP¡ �~BJ9<(J>WAN7:(&K	� (C36`'36Aa,VB	Z29&GI,Dqg3614B�*H,.(HBC9&/214BC7J9&;
3O5 ;e=.>�AS^_14B-7:GW9P145?9rmvb<14`'/]145?9&587 :I>W3O; K



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� ���
� ��� � � � ! ��!%�� � � �	��� '& � &�� � ! � �� � 
 �	��� �
��^e7JGW9y>W5WAO36cV9y/I,.BY7:36b<A69h,V7J7JB:,.br7:361.5x36()*e9D,Vc.9&Bs7JGI,.5x7:G?9�A636cV9h/I,VBC7:3Ob&AO9h36587J9&B:,Vb<7:3O145W(<k 3±K 9.KNk � � M4k
b&1g9r|L36(Y7:9&5?b&9X1V^)/WGW,.(J9<(f1.^);W3O\]9&BC9&587'b&14`'/214(J3N7:361.5W(y365 7JGW9!GW36R4Ggmv;W9<5W(J3N7vE BJ9<R4361.5¢1V^)7:G?9l/?GI,.(J9
;W3a,.R.B:,.` *+36AOAn,./W/29D,.B<K�p$Gg>?(y*H9[GI,Dq.9�7:1x9£|L7J9&5W;¤14>?Bhb&1.5W(J3O;W9&BJ,V7:3O145W(h^_BC14` 7:GW9 	�� ¬� b&,.(J97:1 ,.BJZ?3O7:BJ,.BCE qV,.A6>?9&(�1.^ 	�K �)R4,.365�*e9[^_14>W5W;¤3N7�b&1458q.9&5W3O9&587f7J1§ZI,.(J9�7JGW9[^_14BJ`h>WAa,V7J36145�1.^+7:GW94C/ wP¡ � 1.5 �H,U|g7:9&B1�(�^�,.br7:14BC36z&,V7:3O145 `'9<7:G?1L; 7JGI,V7uGI,.(',.AOBJ9&,.;?E�Z]9<9&5¢9r|g7:9<5W;W9&;¢7:1§`'3N|g7:>WBC9&(
*+3O7:G!,VBJZW3N7:B:,VBCEu5Q>W`yZ29&B$1.^�b<14`'/]145?9&587:( ; M�& & AS,.5?;!,./W/WAO369&;fZ8E��HAO>W` ���h��798 ;C> -\A27:1y7JGW9¦b&,.(J9¦1V^
,0`'3N|g7:>?BJ9�*+3O7JG � >WcU,�*H,+b&A61.(J>WBC9.K	�@BJBC369<7:, ������798 GI,Dq.9e/WBC1�qL3O;W9&;j5Q>W`'9&BJ3ObD,.A.(J14AO>?7:3O145j,.A6R41.BJ3O7JGW`'(
^_14Bj}�`y>?AO7:3 mY� � >WcU,�*H, ; M�&?M4k���?�AS`y>WAN7:3 mvb&1.`f/2145W9<5Q7H`f3 |g7:>WBC9&(&K

�0(J365?R �-,U|g7:9<B� (�^�,.b<7J14BJ3OzD,V7J36145y`'9<7JGW1g;y7:GW9 wP¡ 9&TQ>I,U7:361.5W(�^_14B�`'3N|g7:>?BJ9&(	9&TQ(&K2}��LK ���4�©Z29&b&1.`f9
}_*+3O7JGl7JGW9P(J3O`f/WAO3OtIb&,V7:3O145F� � � � � � ���

�1( �.� ��� }��.��� +�* +��� }��.� ® �
� H � ,/.� * � � } �C�0*�+� � }�� ® �C� � � }J=WKOM ?LM��

�1(S� � ��� }��.��� +�* +��� }��.� ® �)( �
� H � , .� }_�0+ �C� � � � } � � + ��� �0* � � } �C� � �£�

��9P>W(C9P7JGW9sAa,U7:365F365W;W3Ob&9<(-7:1u;W9&5?1.7:9¦7JGW9�� :I>?36;!b&14`'/2145W9&587J(-*+GW36AO9 1PBC9&9<c�365W;?36b&9<($;W9&(C36R45W,V7:9
7:GW9 ��;W3N\o9<BJ9&587 � >WcU,D*-,�7d,V36A6(<K24L>?`f`f,V7:3O145�1�q49<B0,uA6,V7:3O5[,.5W;=,�R4BJ9<9&c�3O5W;W9£|[b&1.BJBJ9<(J/2145W;W($7J1f,
(J>W`'`F,U7:361.5[1�q.9&B@,.A6A]b&14`'/2145W9&587J(@,V5W; � >?cV,D*H,u7:,.36AO(&kL3±K 9.KNk

�
�
�

;�
� � ¬ ,.5?; � � � ����� ¬ � }J=WKOM ?4�4�

��^	7:G?9&(J9j9&TQ>I,U7:361.5W(0,.BJ9s(C>W/W/WAO9&`'9&587:9<;XZ8E�7:G?9jGW,.BJ;Lm�b&14BC9P`y>WAO7J3Nm � >WcU,�*H,yb&AO14(J>?BJ9
� ��� }��.�'� +�M �d���
� � � }_�4� � � � 	� � ��� � �� 
 ���������

�h��� V V }J=WKOM ? ³ �
7:GW9s^�,.br7:14B$^_>W5Wbr7:3O145W($`y>W(Y70GI,Dq49P7:GW9s^_14AOA61�*+365WR�^_14BJ`li

* ��� }��.��� * ���� }_�4� ® � � M
¥ � � � ��� � �g� 
 ���J�g�<� V }J=WKOM ?\=Q�

*+3O7:G
* ���� }��.��� 89 :  � �� }��0+ ��� � ® � ��� }��0+ ��� ® � � ¬

� 
'� � � � � � �g� 
 �²�C�g�&� + M � & ���d� �& � ��� � }J=WKOM ?f?4�
A¯1.A6A61�*+3O5WRu�)BJBC369r7d, ���W��798 ;5�f? A	145?9hbD,V5x(JGW1�* 7:GW,V7)7JGW9h>W5?cg5?1�*+5§b<1L9��fb<369<5Q7J( � ��� V � ��� V � � ��� bD,.5Z]9!9r|L/WBC9&(C(J9&; 3O5 7:9&BC`f(�1V^ � � ��� i � ¥ ���

]
��� }�¥ � � � � 
 � ,.5W; � � ��� *+G?36bdG¢(:,V7J36(C^ E ,§b<14>W/WAO9&;¢(J9r7f1V^



�H� ����7 ���	��
����������
������������������������ �"!#���%$������
� � � � � � 5?145WA63O5W9D,VB-9&TQ>I,V7J36145?(

�! � ; � ª � ¬ �! � ; � � � � !�� ; � ! ; � � � � � ® �! � ; ª � � �! � ; � � � ! ; � � � � � ® �
� ª � � �� � � � � � � ® ª �#"Y�� ��� � &

}�=?KOM ?\[8��! � ; � % � ¬ �! � ; � � � � ! � ; � ! ; � � � � � ® �! ; � % � � �! � ; � ��� � !�� ;
� ! ; �
® �! � ; % � � �! � ; � � � ! ; � � � � � ® � ! ; % �#"Y�! � ; � � � ! ; � ® �

� % �() �� � � � � � � ® % �
�
�� ��� � &

$F� M V �D�D� V � � V�� � M V �&�D� V � }�=?KOM ?��4�
*+GW9<BJ9s7:G?9j1.5WAOE[9<5W9&BCR.E8mv;W9</]9<5W;W9<5Q7)b&1g9 �'b&3O9&5870365[7:G?9�,VZ]1�q49P9<Tg>W,V7:3O145!36(

ª �("Y�� ��� � �1( 	� � ��� � }�=?KOM ?@-8�
�@A6A¯1.7:G?9&B-b<1L9��fb<369<5Q7J($,.BC9)bD,VA6b&>?Aa,V7J9&;F^_BC14` 7:GW9 H � V ¥ � ,.5?;���k?3�K�9VKOkQ^_BJ1.` 7JGW9¦BC9&`f,.365W3O5WRj(CEg(C7J9&`
/I,VB:,.`'9<7J9&BJ(<K��	|L/WBJ9<(J(C36145W(P^_14B¦7JGW9&(C9'b<1L9��'b&369<587:(j,.BJ9�b<14`'/W36AO9&;x3O5 �@/W/29&5W;W3 |�� 1.^0; �f? A�Kyp$GW9
(C9&b&1.5W;�(YEL(Y7:9<` 1V^-9&TQ>I,U7:361.5W(&ke}�=?KOM ?��4�rkS3O(jAO365W9&,.B¦3O5 � � ��� � ��� �F^_1.BjR.3Oq49<5 ��� � � � � � ��,.5W;b&,.5=Z29¦*+BJ3N7J7J9&5=,.(

� ! ; � ! � ; ��� � ! ; � � * � ��� }�=?KOM ?@>8�
*+3N7:G

� ! � ; ��� } H V �l��� �
�
� % � ¬ �! � ; � � � � !�� ; � � � � ® �

� % � � �! � � ��� � !�� ; ® �
� % � � �! � ; � � � � � � ® % �#"Y�! � ; � � }�=?KOM [�&8�

,.5?;
* � ��� } H V �!��� + �

� % �() �� � � � � � � + % �
�
�� ��� � }�=?KOM [LM��

w 5W9PbD,.5lbdGW1g14(J9P7:G?9j1.BJ;W9<B01V^	7:G?9 ��� � � � �h,.5W;��1* � ��� ��365!7:G?9Pq.9&br7:14BC( � ,V5W; � 365!(C>WbdGx,
*H,DE[7:GI,V7+7JGW9�b<1L9��'b&369<587@`f,V7JBJ3N|���1V^	7:G?9jAO365W9&,.B$(CEg(Y7:9&` }J=WKOM ?�>8�HGI,.(@,uZWA61gbdc�;W36,.R4145I,VA]^_14BC`
b<145W(J3O(C7J365WR§1.^ � ZWAO1LbdcQ(u1.^@;W36`'9&5W(C36145 � � �©K A¯1.B�365W(Y7d,.5Wb<9[^_14B�7:GW9!ZW3O5I,.BCE¤��m � >WcU,D*H, :I>?36;
} � � � V �=� �4�H145?9j1.Z?7d,.3O5W(

� � ��� � }�=?KOM [4�4�



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � 
*+3O7:G

� �

������������������
�

� ¬v¬v¬v¬v¬ � � ¬v¬v¬v¬ � ¬v¬ � ¬v¬ � � ¬ � ¬v¬
& & & &

� ¬v¬v¬ � ¬ � � ¬v¬ � ¬ � ¬v¬ ��� ¬ � � ¬ ��� ¬
& & & &

� ¬ � ¬v¬v¬ � ��� ¬v¬v¬ � ¬ ��� ¬v¬ � ����� ¬v¬
& & & &

� ¬ � ¬ � ¬ � ��� ¬ � ¬ � ¬ ����� ¬ � ������� ¬
& & & && & & &

� ¬v¬v¬v¬ � � � ¬v¬v¬ � � ¬v¬ � ¬ � � � ¬ � ¬ �& & & &
� ¬v¬v¬ ��� � � ¬v¬ ��� � ¬v¬ ����� � � ¬ �����& & & &
� ¬ � ¬v¬ � � ��� ¬v¬ � � ¬ ��� ¬ � � ����� ¬ �& & & &
� ¬ � ¬ ��� � ��� ¬ ��� � ¬ ������� � ���������

	�

















�

}J=WKOM [ ³ �
,.5W;

�
P � } * ¬v¬v¬ V * ¬ � ¬ V * � ¬v¬ V * ��� ¬ V * ¬v¬ � V * ¬ ��� V * � ¬ � V * ����� � }J=WKOM [�=Q�

� P � } � ¬v¬v¬ V � � ¬v¬ V � ¬ � ¬ V � ��� ¬ V � ¬v¬ � V � � ¬ � V � ¬ ��� V � ����� �]� }J=WKOM [S?4�4L14AOqg3O5WR�7:GW3O($(CEg(C7J9&` 1.^ � � � � �§A6365?9D,.B-9<TQ>I,V7:3O145W(�}�=?KOM [4�4�nEg369<A6;W( � } H V �l�rK
�v5'7:GW9+^_14BJ`h>WAa,V7J36145h1.^o7JGW904/ wj¡ � *e9@*+36AOAI,.AO(J1P5W9&9<;F7:G?9@;W9<BJ3Nq.,U7:3Oq.9&( ���

���
} H V �l��*+GW36bdGF,.BJ914Z?7d,V365W9<;!qg36,u3O`f/?A636b<3O7JAOEu;W3N\o9<BJ9&587J3a,V7J365WRy9<T¯K	}J=WKNM ?�>8�

� ! ; � ! � ; ��� } H V �l� N � ! ; �N � 	
� �

� + � ! ;
N
� ! � ; ���N � 	

� �
} H V �l� � ! ; � } H V �l� ® N�* � ���N � 	

� �
} H V �l�

� + M �
� % � ¬ �	 � � � � � � � � � ® % � � �	 � � � ��� O � 	 � � } H V �l�+ � � ! ; M �

� % � ¬ �! � ; � � � � !�� ; ® % � � �! � ; � � O � ! ; � } H V �l�+ % � ) �� � � � � 	 � � � � � }J=WKOM [f[8�
p$GW9&BC`f1g;?Eg5I,.`'36b�TQ>I,.587J3O7:3O9&(PBJ9<TQ>W36BC9&;�3O5�7:GW9 	��	� 1.^e7:GW964C/ wP¡ ��,.BJ9�7:G?9'3O58q49&BC(J9'BJ9<;W>Wb&9<;
36(J1V7:GW9<BJ`f,.A b&1.`f/WBC9&(C(J36Z?36A63N7vE�,V5W;l7JGW9j36587:9<BJ5I,.AS9<5W9&BCR.E4Knp$GW9j3658q49<BJ(C9hBJ9<;W>Wb<9&;X3O(J1.7JGW9&BC`F,VA b&14`�m
/WBJ9<(J(J3OZW36AO3O7vEFbD,.AOb&>WA6,V7:9<;�qL36,y7:GW9Pb&1.`f/WBC9&(C(J36Z?36A63N7vEFBC14>?7J9j3O($R43Oq.9&5!Z8E�} 	 � � H � � H �P}�(J9<96;5�f? A �

MU ��� � � M + MH �
���

H � H � ,� ��� } Q � &8��� �
�
	 � . ª ��1( 0 � V }J=WKOM [.�4�

*+GW9&BC9
ª � � ª � } M ® � � �G+ =

� � %
���
� }J=WKOM [ -8�

*+3O7:G
� � � + � !

M
¥ �! � ; H ; � � �  �! � ! ; � ® }YM + � �  �! � �g� �:� � � ! ; � �



��� ����7 ���	��
����������
������������������������ �"!#���%$������
�
� � � !

M
¥ �! � ; H ; � 
 �  �! � ! ; � ® } M + 
 �  �! � �g� � � � � ! ; � �

� ! ; � � �1(
¥ �! � H � � ! ; � � !�� � � }�=?KOM [�>8�

�	|L/WBJ9<(J(C36145W( ^_14B � �  �! V 
 �  �! V ª � ,.5W; %
� 3O5j7J9&BC`f( 1.^ H � V ¥ � ,V5W;h�F,.BJ9nb&14`'/W3OA69&;P3O5j7JGW9H�@/W/]9<5W;W3 |� 1V^<;5�f? A±KP�v5W(C9&BC7J365WR�7JGW9�(J1.A6>?7J36145=1.^�7:GW9yAO365W9&,.B)(YEg(C7:9<` � } H V �!�@365=7:GW9y9£|L/WBJ9<(J(J3O145W(f}�=?KOM [�>8�Eg369<A6;W( ª � } H V �l�£K

p$GW9j36587:9<BJ5I,VA 9&5W9<BJR.E[qg36,h7:GW9P9&5?9&BJRVE!BJ14>?7J9f}�=WK5>.�4�H3O($R43Oq.9&5!Z8E
�[� + �1( H �¥ �

� 	 � � � ¬v¬ ® � 	©} MW+ 	]� � � ¬ � ® � 	©}YM + 	]� � ��� ¬ ® }YM + 	]� � � ����� � � }�=?KOM"�@&8�
��^�*H9�b<145W(C36;W9<B)7:GW9�b<A614(C>WBJ9hBJ9&A6,V7:3O145X1V^n7JGW9�4C/ wP¡ � }J=WK5>f[8�+*e9�(J9r7P365x9<T¯K�}�=WKNM ? ³ �+^_14B)7JGW9

ZW3O5I,.BYE!��m � >WcU,�*H,ubD,.(C9F} � � � V �=� �4�

	� ¬ ��� � � ¬ } H �  � V��	� � ¬v¬ � 	� ����� � � � } H V 	 V (©�	� � ¬ � � 	� ��� ¬ ��� � � } H V 	 V (©�£� }�=?KOM"�gM��
�v5W(C9&BY7:365?R ª � } H V �l�s}J=WKNM [.�4�H3O5!7JGW9/	��	�NN�( M MU ��� � O � H N�� �N H � }�=?KOM"�.�4�
R43Nq49<(

� �
�
	 � ª �}±�)( � � � 	 � �

N ª �N � 	
� �

N � 	
� �N�� N �N�( � H N����N H � }�=?KOM"� ³ �

14B
% } H V �]� N��N�( � � } H � N � �N H � }�=?KOM"��=Q�

*+3N7:G

% } H V �]����� �
�
	 � ª �}��1( � � � 	 � �

N ª �N � 	
� �

N � 	
� �N�� }�=?KOM"��?4�

� } H �u� H �
��9¦5W1�*�GW,�q.9¦7:1�;W9r7:9<BJ`'365W9 ª � k � - �

��� � ��� ,.5W; ��� � ������
,.(-^_>W5Wbr7:361.5W(-1.^ H ,.5W; ��K��v5l,htIBJ(Y7+(C7:9</[*H9;W9r7:9<BJ`'365W9 �«^_14B�,PR43Oq.9&5�qV,.A6>?901V^ H ,.5W; � K©p©1P7:G?36(�9&5?;f*e9@9<(C7d,VZWA63O(JG',s(J9<7e1.^]9&3OR4G87e5?145WA63O5W9D,VB9<Tg>W,V7:3O145W(�7:GW9+(C14A6>?7J36145u1.^2*+GW3ObdGfR43Nq49<( �§} H V �]�rK©p$GW9+tIBJ(Y7H145?903O(�7:GW9+9<5W9&BCR.Eu9&TQ>I,V7J36145X}�=?KOM"�@&8�

� ®
�)( H �¥ �

� 	 � � � ¬v¬ ® � 	©}YM + 	]� � � ¬ � ® � 	©} MW+ 	]� � ��� ¬ ® } M + 	]� � � ����� � ��& }�=?KOM"�\[8�



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � �
14B¦^_14BJ`f,.AOAOE�*+BC3O7J7J9&5§,.( � ¬ } H V � � ¬v¬ V � � ¬ � V � ��� ¬ V � ����� �@� &?K�AI>WBC7JGW9&B@*H9ub&1.5W(J3O;W9&B¦9<T¯Kn}�=WKNM ?�[8�£k
*+3O7:G 7JGW9!(J14AO>?7:3O145 � } H V �!�h365W(C9&BC7J9&; k�^_14B $ � M4k � V�� � �QM V � �l*+G?9&BJ9 ª �("Y�¬ ��� � �1( � ¬ } H ��^_14B� V�� � �QM V � �QkH^_1.BJ`f,.A6ANE�*+BC3O7J7J9&5 ,V( � � } H V �!�[� & ^_1.B �f��� V �D�D� V ?LK p$GW9XBC9&`f,.365?365WR�7:G?BJ9&9
9&TQ>I,V7J36145W(@,.BC9�14ZL7d,.3O5W9&;!^_BJ14` 9&T¯K©}�=WKNM ?�[8�H^_14B $f� �',.5?;X9&AO36`'365I,U7:365?R�7:G?9�>W5?cg5?1�*+5=^_>W5Wb<7J36145
� � } H V 	 V (©�eqL36,y7:GW9PBJ9<Aa,V7J36145?(

ª �("Y�� ¬v¬ � ª �("Y������
ª �("Y�� ¬ � � ª �("Y���� ¬
ª �("Y�� ¬ � � � ª �#"Y�� ¬v¬ � }J=WKOM�� �4�

A¯1.ByR43Oq.9&5 H ,.5W; �¤7:GW9 � ,.BJ9�;?9<7:9<BJ`'365W9<; Z8E (J14ANqg365WRX7JGW9�b<14>W/WAO9&;¤(J9r7u1.^+9&3OR4G87�5W145WAO365W9&,.B
9&TQ>I,V7J36145W(jqg3a,x, Y@9<*$7J145Lm �@,./?GW(J145 7J9&bdGW5?36TQ>W9�>W(C365WR=9r|L/WAO36b&3N7h9£|L/WBJ9<(J(J3O145W(h^_1.Bj7JGW9��4,.b<14ZW3a,V5 K
p$GW9 �4,Vb&14ZW3S`f,V7JBJ3N|F1.^ 7:GW9P(YEL(Y7:9<` 1.^�5W1.5WA63O5W9D,.BH9&TQ>I,V7J36145W($3O5[7:GW9�� 36($R43Nq49<5=Z8E

� �
�������
�

& & & & � � � ° � °� °
� � � ° � �D� ¬ � �r�� °

� � � ° � �D� ¬ � �r�� °
� � � ° � ¬ � �r� °� °� � °���   

� � °���  O°
� � °��� O°�

� � °��� O° °
� � °��� °� 

� � °��� °�O°
� � °��� ° °�

� � °��� ° ° °KKK KKK KKK KKK KKK KKK KKK KKK
� ���
���   

� ���
���  O°

� ���
��� O°�

� ���
��� O° °

� ���
��� °� 

� ���
��� °�O°

� ���
��� ° °�

� ���
��� ° ° °

	�






� V
}J=WKOM���-8�

*+GW9&BC9 N � �N � 	
� �
} H V �l� � �

� ª � ¬ �	 � � � ¬ � � 	 � � � ¬v¬ � ®�! � ; � ª � ¬ �! � ; � ¬ � � !�� ;
M N � ! ; �N � 	

� �
� ¬v¬ � ® � ! ; � N � ¬v¬ �N � 	

� � O ®� ! ª � � �! � ; ¬ �
M N � ! ; �N � 	

� �
� ¬v¬ � ® � ! ; � N � ¬v¬ �N � 	

� � O ® ª � � �¬v¬ �
N � ¬v¬ �N � 	

� �
}J=WKOM���>8�

*+3O7:G � � � } H V �!�j,.5?; ���
���
} H V �o�s1.^H9&T¯KG=WKNM ?�>l,.5W;�}�=WKNM [f[4�s3O5W(J9<BC7J9&; ,.5?;�(J3O`f3OAa,.BCAOEl^_14Bs7:GW9

1.7:GW9<B$^_>W5Wb<7J36145?(�� � K
p$GW9 �§} H V �©} H V ( + ��(©�C�n^_BJ14` 7:G?9s/WBJ9rqL3O14>W(-7J9&`'/]9<B:,V7J>WBJ9¦(Y7:9</l3O5�7:GW9)(J14AO>?7:3O145[,.AOR414BJ3N7:GW`

1.^©7JGW9 	��	� ,.BC9¦7d,.cV9&5=,.($365?3O7:36,.A¯q.,VA6>W9<($1.^�7:GW9 Y � 7:9<bdGW5W36TQ>W9VKe�v5!9&,.bdG=(Y7:9</=1.^�7JGW9P3O7:9<B:,V7J36145ok
^_14BPR43Oq.9&5 �xk 7JGW9uA63O5W9D,.Bs(YEg(C7:9<` }�=WKNM ?�>8�¦3O(j(C14AOq.9&; EL3O9&AO;W365WR � } H V �l�£KFp$GW9<5�7:G?9f;W9<BJ3Nq.,U7:3Oq.9&(
� � � ������ � ��� } H V �l�f,VBJ9X1.Z?7d,.3O5W9&; ZQE{(J1.AOqg365WR 7:GW9XA6365?9D,.B'9&TQ>I,V7J36145?(�}�=?KOM [�[8�rK p$GW9&(C9�(J14AO>?7:3O145W(f,.BJ9
365W(C9&BC7J9&;f365�7:GW9+9£|?/?BJ9&(C(J3O145f^_14B � K /H1458q49<BJR49<5Wb&9@365u7:GW9WY ��`'9<7JGW1g;'3O(�,.bdGW3O9<q49<;�3O^¯7JGW9@BC9&A6,V7:3Nq49
;W3O\]9&BC9&5Wb<9x1.^¦7v*e1 (J>Wb<b&9<(J(J3Nq49�qV,.A6>?9&('1.^ � 36(FAO9&(C(f7:GW,.5�M�& � ¬ � K AI>WBY7:GW9<BJ`'14BJ9=3O7'36(fbdGW9&bdcV9&;
*+GW9<7JGW9&Bl7:GW9 (J14AO>?7:3O145 36(l/WG8Eg(J36b&,.A±k)3±K 9.KNk¦3O^ � ¬ � � � � ¬ K�� 3N7:G 7:GW3O(=(C14A6>?7J36145 �§} H V �]��145W9bD,.AOb&>WA6,V7:9<( ��} H V �]�s}�=WKNM ?�>4�rk ª � } H V �]�¦}�=WKNM [ -LkC=WKNM [ >8�-,.5?; ���

���
} H V �]�s}�=WKNM [f[4�rK



��� ����7 ���	��
����������
������������������������ �"!#���%$������
p$GW9j;W9&BC3OqV,V7J3Oq49<( � - �

��� � ��� ,.BJ9s1.Z?7d,.3O5W9&;[^_BC14` }�=?KOM [�-8�H,.5W;=,.BC9jR.3Oq49<5!ZQEN ª �N � 	
� �
� ª ��

N � �N � 	
� �

+ =
� � %

�
�

N � �N � 	
� � V }�=?KOM�-�&8�

*+GW9<BJ9 N � �N � 	
� �
� + � !

M
¥ �! � ; H ; � � �  �! N � ! ; �N � 	

� �
® }YM + � �  �! �V�g� � � � N � ! ; �N � 	

� �
�N � �N � 	

� �
� � !

M
¥ �! � ; H ; � 
 �  �! N � ! ; �N � 	

� �
® } MW+ 
 �  �! �V�g���C� � N � ! ; �N � 	

� �
�N � ! ; �N � 	

� �
� �1(

¥ �! �
�

H � M
� 	 ! � ; � � � � � !�� � ® � ! ; � N � !�� �N � 	

� � O � }�=?KOM�-LM��
p$GW9�;?9&BJ3NqV,V7:3Nq49&( ��� � ������

,.BJ9h14Z?7d,V365W9<;�ZQEX36`'/WA63Ob&3N7:AOEF;W3O\]9&BC9&587:36,V7:3O5WRF7JGW9�9&TQ>I,V7J36145?( � � � &F^_14B
�©� M V �D�D� V -yqL36, �������

�

���   ���
���  O°���KKK
��� ° ° °���

	�






�
� � � ¬ �

�������
�

+jM& KKK&
	�






�
� }�=?KOM�-4�4�

�v5W(C9&BY7:365?R'7JGW9jqV,.AO>W9&(01.^ � } H V �]�rk � } H V �]�-,.5W; ��� � ������ � ��� } H V �l�$365!9<Tg(<K�}J=WKNM�- &?k�=WKNM�-?M��-,.5W;X3O5l7JGW9
�4,.b<14ZW36,.5 � 1.^$}J=WKNM�-8�4�etI5W,.A6ANEFR43Nq49<( � - �

��� � ��� } H V �o�-,V5W; ��� � ������
} H V �o�£K

p$GW9 	��	�{}�=WKNM�&?M���36(�,VR8,.365h,¦5W145WAO365W9&,.B	;?3O\]>W(J3O145y9&TQ>I,U7:361.5 k.7:GW,V7�*H,.(�(J14ANq49<;u,.(�365h7JGW9-145?9rm
b<14`f/2145W9<587@b&,.(J9P^_14B$;W3N\o9<BJ9<5Q70qV,.A6>?9&(+1.^ 	�145�}�( V H ��� ; & V ( � A � ; & V H � A�Kep$GW9j365?3O7:36,.Aob<145W;W3N7:3O145
�©} H V 	 V (��+&8�$36(014Z?7:,.365?9&;XZ8El`f,.cQ365WR'>W(J9h1.^�7:G?9�^�,.br7@7JGI,V707:GW9�;W36BC9&b<7@b&1.BJBJ9<Aa,V7J36145!^_>W5Wbr7:3O145W(
� ��� b&1.365Wb<36;W9+*+3O7JGf7:G?14(J9@1.^�,�1.5W9rm�b&14`'/]1.5W9&587H�04fR8,V(H,.5?;F7d,.cQ3O5WR�3O587:1y,Vb&b&1.>W587H7:G?9)BJ9<(J>WAN7:(n^_14B
7JGW9P145W9rm�b&14`'/2145W9&587+(YEL(Y7:9<`=Knp$GQ>W(0*+3N7:G

� ¬ ��� } H V 	 V (x� &8� � � ¬ } H V (x� &8� br^ K�9&T¯K }J=W�X[f?4� � V�� � M V �� � ��� } H V 	 V (x� &8� � � � } H V (x� &8� br^ K�9&T¯K }J=W�X[ �4� � V�� � M V � }�=?KOM�- ³ �
145?9F14Z?7:,.365?( �©} H V 	 V (~� &8�s^_BC14` 7:GW9f9&5W9<BJR.E�9&TQ>I,U7:361.5 }�=?KOM"�@&8�rK!p$GW9�Z214>W5?;I,.BCE b<145W;W3N7:361.5W(
,.BC9¦7:GW1.(J9j1.^	9<TQ(&K©}�=WKc[ &8�e,.5W;�}�=WKc[8�4�£K

�)(e365u7:GW9@145W9£mvb&1.`f/2145W9<5Q7e(CEg(Y7:9&` *e9)GI,Dq49@7:1h9£|Lb&A6>?;W9@7JGW9)BC9&R43O145'*+G?9&BJ9@7:GW9<BJ`'1L;?Eg5I,V`f3Ob
(Y7d,.ZW3OA63N7vE�BJ9<TQ>W36BC9&`'9&587:(@,.BJ9j5W1.7@(:,U7:36(YtI9&;oK-�v5=7JGW36(0>W5W/WG8Eg(J3ObD,.A BJ9<R4361.5l7JGW93:W>W36;lbD,.5=5W1FAO145WR49<B
Z29y/WBC9&(J9<587�3O5�,�(J3O5WR4AO9hGW14`'14R49<5W9&1.>W(¦/WGI,V(J9u,.5W;�/?GI,.(J9�(C9&/I,VB:,V7J36145x1gb&b<>WBJ(<K��v5�(C9&br7:361.5 ³ KOM4K²�
7JGW9s/WGI,.(C9s(C7:,.ZW36AO3O7vE'b&1.5W;W3O7J36145?(H1.^©,yR49<5W9&BJ,.A ZW3O5I,.BCE.:I>W3O;�*H9<BJ9P/WBC9&(J9<587:9&;oKn��9¦*+36AOA](C/]9<b&3a,VA636z<9
7JGW9&(C9=b<145W;W3N7:361.5W(�365 7:G?9!^_1.A6A61�*+3O5WRX7:1§7:G?9lZ?365I,.BYE (CEg`'`f9r7:BC36b :I>W3O; K¤�v5¢7JGI,V7'bD,V(J9!*H9lGI,Dq49
7J1�;W3O(C7:3O5WR4>W3O(JG{Z]9r7v*H9<9&5 7:GW9l^_14A6AO1�*+365WR§7v*H1�7vEL/29&([1V^s365W(Y7d,.Z?36A63N7vE2iX`f,V7:9<BJ3a,VA@,V5W; ,.z<9&1.7JBJ14/W3Ob



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� ���
365W(Y7d,.ZW3OA63N7vE4K2&=,V7:9<BJ3a,VA 365W(Y7d,.Z?36A63N7vEu*+GW36bdGlA69&,.;W(-7:1y7JGW9P(J9</I,.B:,U7:361.5l3O587:1y7v*e1f/WGW,.(J9<(@1.^©;W3N\o9<BJ9&587
b&14`'/]1.(J3O7J36145?(�36([3O5W;W36b&,V7:9<; Z8E~,¤;?3Oq49<BJR49<5Wb&9 1.^���I�I�}�&4�rK w 5 7:GW9�1.7JGW9&B!GI,V5W; k¦,Vz&9&1V7:BJ1./W36b
365W(Y7d,.ZW3OA63N7vE{*+GW9<BJ9§7:GW9 :I>W3O; 36(!`f9<bdGI,.5W3ObD,.AOAOE{>W5W(Y7d,.ZWAO9�*+GW36AO9 BC9&`f,.365?365WR `f,V7J9&BJ36,.A6ANE¢(C7d,VZWA69
A69D,V;W365WR 7:1�,�(J9</I,.B:,U7:361.5�36587:1 7v*H1�/WGI,.(C9&([1.^s;?3O\]9&BJ9<587�;W9<5W(J3N7vE ZW>L7[9&TQ>I,.A0b&1.`f/214(J3N7:3O145W(u36(
`F,.BCc.9<; ZQE�,X;W3Nq49<BJR49<5Wb&9�1V^ U P 1.B�� 
 
 }�&4�rk©*+G?36A69���I�I�}�&4�PBC9&`f,.365W(jtI5W3N7:9.Klp$GW9[,Vz&9&1V7:BJ1./W36b
365W(Y7d,.ZW3OA63N7vE 1.^h, ZW365W,.BCE (CEg`f`'9<7JBJ3Ob5:I>W36; 1gb&b<>WBJ(l,V7 	«� M��4� ,.5W; ^_14B�7:G?36([b&1.5Wb&9<5Q7JB:,V7J36145
� � H } � ¬ + � � �0� ¬� H � ,� ¬v¬ }�&8�G+ ,� ��� }�&4� � � &?Ksp$GQ>W(�� 
 
 }�&8�+� U ��� � `F,DElBJ9<`F,.3O5XtI5W3N7:9�9<q49<53O^���I�I�}�&4�j;W3Nq49&BCR49&(<K 4L1�`f,V7J9&BJ36,.An,.5W;¤`'9&bdGI,.5?36bD,VAH365?(C7d,VZW36AO3O7vE§bD,V5 Z]9[;W3O(C7J365WR4>?36(JG?9&; 3O5�7:GW9
	l� M��.� +@/?Aa,.5W9.; M�&8� A±K

�H1V7:Gxb<BJ3O7J9&BC3a,u1.^�`'9&bdGI,.5?36bD,VA	,.5?;x`F,U7:9&BC3a,.AS3O5W(C7:,.ZW3OA63O7vE.k¯3±K 9.K0;W3Oq.9&BJR.365WR�� 
 
 }�&8�+14B���I�I�}�&8�
GI,Dq49xZ29&9<5�`f9<BJR49<; 3O5Q7J1�1.5W9=b<BJ3N7:9&BC36145¢Z8E¢�)BJBC369r7d, ��� ��798 ; �f? A+*+GW3ObdG *e9XGI,Dq49=>W(J9<; 365¢14>WB
bD,.AOb&>WA6,V7:3O145W(&K	�v5�7:GW3O(-b&BC3O7:9<BJ3O145�3O7H36(ebdGW9&bdcV9&;X*+GW9r7:GW9<B-7:GW9 ,� ��� }�&8�eZ29&b&1.`f9¦3O5?tI5W3N7:9@(J1�7:GI,U7$145W91.^	7JGW9P(C7:BC>Wb<7J>WBJ9s^�,.br7:14BC(+36($365LtI5W3O7J9.K���^

�l}�&8� � � ;W9<7 � � ��� ® � H � H � ,� � � }�&8� ��� � ¬�� �
� � ;W9<7 � � ��� + � H � H � ,� ��� }�&8� �&� ¬�� � � ;W9<7�} � � � +
	 H � H ���* ��� � < & }J=WKOM -�=Q�

}J=WKOM -S?4�
7:GW9P(J1.A6>?7J36145[3O(0b<145W(C36;W9<BJ9&;l>W5W/?GQEg(C36bD,VA�*+G?9&BJ9

�* ��� � , .� * ��� }��.� � �¦� M[ ª � � � + M
� � � � � + � !

M
¥ �! � � ! ��� � �  �! + � ! � � � }J=WKOM -f[8�

*+3O7:G
� � � � �U}YM ® � � � ® ª � � � }J=WKOM -.�4�

� ! ��� � � ! � � � �g� �:� + � ! ��� V }J=WKOM - -8�
,.5W;l9&TQ(&K©}�=?KOM [�-8�-,.5W;�}�=?KOM [�>8�rK � �036($bD,VA6b&>?Aa,V7J9&;[^_BJ14` H ,.5?;=�{}�(C9&9j�)/W/29&5?;W3N|!� 1.^ ; �f? Aa�rK

p$GW9PZ214>W5W;W,.BCE[b<145W;W3N7:3O145W($145[7:G?9j(C/W365?1L;I,VA A63O5W9&(+,.BC9
�	} H�� V (©��� � � } H�� � }J=WKOM - >8�

*+GW9&BC9@7:G?90;?9&5W(C3O7vE H�� 3O(�7JGW90,./W/WBC1D|?3O`F,U7:361.5y^_14B�7:GW90(J/?365W1g;I,.AW;?9&5W(C3O7vEu145u7:GW9+;W3O(Jb<BJ9<7J9@;?9&5W(C3O7vER4BJ3O;{,U7u,�R43Oq.9&5¤7:9&`'/29&B:,U7:>WBC9.K ��7u3O(�A61gbD,V7J9&;¤,V7�7JGI,V7u/21436587y*+GW9<BJ9��l}�&8�hbdGI,V5WR49&(u(C36R45¢,.5W;
Z]9<b&14`'9&(05W9&R4,V7:3Nq49.K � � } H �$36($7:GW9sqV,.AO>W9P1.^	7JGW9�9£|Lb&9&(C(¦36587J9&BJ5W,.AS9&5W9<BJR.E[*+G?9&BJ9 �l}�&8��� &?Kep$GW36(
36(+;W9<7J9&BC`f3O5W9&;!Z8E[(J1.AOqg365WR�7JGW9P(J9<701.^©9&3OR4G87+5W145WAO365W9&,.B$9&TQ>I,U7:361.5W(

�=}�&8�&} H V �l� � &
� � } H V �l� � & �©��� V �D�D� V - V }J=WKOM > &8�



� �f� ����7 ���	��
����������
������������������������ �"!#���%$������
^_14B���>W(J3O5WRf, Y@9r*$7:145,�@,V/WGW(J1.5=7:9<bdGW5W3OTg>?9h*+GW9&BC9�7JGW9 �4,Vb&14ZW36,.5l1.^	7JGW9�5?145WA63O5W9D,VB0(YEg(C7:9<` 3O(
/WBC1�qL3O;W9&;oK�p$GW36( �4,Vb&14ZW36,.5Fb&,.5[Z29¦bD,.AOb&>WA6,V7:9<;�365F,y(C7JB:,.3OR4G87J^_14BY*-,.BC;F*H,�EF,.5I,VA614R41.>W(e7J1h7:GW9)145W9
1.^H9&T¯KH}�=WKNM"��-8�£KF�v5W(C9&BY7:365?Rl7JGW9F(C14A6>?7J36145 �§} H �s365§7:GW9'9&5W9<BJR.E 9<Tg>W,V7:3O145�}J=WKNM"��&8�)tI5I,VA6AOE=Eg369&AO;W(
� � } H �£K AI14B	7JGW9-(YEL(Y7:9<` 1.^¯7:GW9$Z?365I,.BYEj(CEg`f`'9<7JBJ3Ob$�0/ � :W>W36;y7JGI,V7�*e9$GI,Dq49+3658q.9&(C7J36R8,U7:9&;ok.7:GWBC9&9
b&,.(J9<(s1.^�365W(Y7d,.Z?36A63N7vE[BJ9<R4361.5W()3O5X7:GW9h36587:9<BCqV,.Ah;5& V H � A©^_14B),�R43Oq.9&5xqV,.AO>W9h1.^�	�,.5?; T GW,�q.9y7:1�Z29
;W3O(C7J365WR4>?36(JG?9&;�7:GW,V7@,.BJ9s(CGW1�*+5X365[tIR?K }�=WK²� ³ �£K

�l}�&8�H� & �l}�&4�P� &

H �&
A	3OR4>WBC9 =WK²� ³ i[p$GW9 ³ ;W3O\]9&BC9&587'bD,.(C9&('1.^@7JGW9!365W(Y7d,.Z?36A63N7vE�BC9&R43O145 145¤7:GW9!3O5Q7J9&BYq.,VA ; & V H � A-^_14Bu,R43Nq49<5¢qV,.AO>W9!1.^ 	 ,V5W; T ^_14B',�� /)M � :W>W36; K¢p$GW9l^_>WA6A-AO365W9<(',.BJ9[7:G?9=(Y7d,.ZWAO9!BJ9&R.36145W(�*+GW9<BJ9
�l}�&4��� &Lk *+GW36AO9y7:GW9u;I,.(CGW9&; A63O5W9&(sBC9&/WBC9&(C9&587�7JGW9u>W5W(Y7d,.ZWAO9uBJ9&R.36145W(¦7JGI,V7j,.BC9u9r|Lb&AO>W;W9&;§^_BJ1.`
7JGW9P36587:9<R4B:,V7J36145[1V^©7JGW9/	��	�$K

w 5Wb&9 �©} H V 	 V (	�HGW,.(@Z29&9<5X;W9r7:9<BJ`'365W9<;l7JGW9�TQ>I,V5Q7J3O7J369&(+BC9&A69rqV,.5870^_1.B+7JGW9jbD,.AOb&>WA6,V7:3O145[1.^	7JGW9/WGW,.(J9�;W3a,.R.B:,.`lkI7:GW9�/WBJ9<(J(J>?BJ9�D ,.5W;X7JGW9hbdG?9&`'36bD,VA©/21.7:9<587:3a,VA6( 	 � }��n� M V �4�+,.BJ9�14Z?7d,V365W9<;XZ8E3O5Q7J9&R4BJ,V7:3O5WR � ^��� ^ ,.5W; � ^ 	� ^ *+3N7:GlBJ9&(C/]9<b<7+7:1.(�^_BC14`N�(
	 ¬N�( � N �N H ® M + 	H N��N 	 }�=?KOM�>LM��N�(
	 �N�( � N �N H + 	 H N��N 	 }�=?KOM�>4�4�N�(�DN�( � + � ® H N��N H }�=?KOM�> ³ �
}�=?KOM�>\=Q�

*+3N7:Gy7:G?9W/ 4yqV,.AO>W9&(©^_14B�(ED ,V5W;�( 	 � qV,.A6>W9<(	^_14B�(ED~,.5W;�(
	[,.(�3O5Q7J9&R4BJ,V7:3O145yb<145W(C7:,.587:(n,V72(x� &(EDF} H V 	 V (X� &8� � H M ® � ® � � + � �} M + �W� �(
	 � } H V 	 V (x� &8� � AO5 H � ® - �'+ > � � + ³ � �} MW+��W� � � }�=?KOM�>f?4�



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � � �

� ��� ��� � !�� ����� �

0

0.5

1

1.5

2

2.5

3

3.5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

��I�I�}�&8�B( *

U P ( *

H �

T �

A	36R4>?BJ90=WK²�\=Wi 	�GI,V(J9P(C7:,.ZW36AO3O7vE'A63O5W9¦3O5�7:GW9¦7J9&`'/]9<B:,V7J>WBJ9£mv;W9<5W(J3N7vE[/WAa,V5W9)^_14B+,.5[9<TQ>W36`'14Aa,VB-�0/ �
`f3 |L7J>WBJ9!*+3O7JG �«� &?�5>�,V5W;�¥.� � &?�5-?K`�¦3O\]9&BC9&587FAO365W9!(YEL`hZ]14AO(F,VBJ9l>W(J9<;�^_14B'7JGW9X;?9&5W(C3O7vE
BJ9&R.36`'9&($365[*+GW3ObdG=9<3O7JGW9&B U P } ^_>WA6AoA6365?9��e14B ��I�I�}�&8�P}�;W,.(JGW9<;=AO365W9D�e;W3Nq49&BCR49&(<K

A	3ORWK$}J=WK²�\=Q�h(JG?1�*+(u7:G?9l/?GI,.(J9!(Y7d,.ZW3OA63N7vE�AO365W9�1V^s,�ZW365W,.BCE�(CEg`f`'9<7JBJ3Ob :I>W36; ^_14B 	 ��M��.�LKY@1.7J9¦7:GI,V7$7JGW9s(C7:,.ZWAO9s/WGI,.(C9j3O(-5W1�* ,.5W;l,.A6(C1�365�7JGW9s^_14A6AO1�*+3O5WRh/?A61.7J($,.Z21�q.9s7:GW9s(Y7d,.ZW3OA63N7vEfAO365W9VK
�v5 tIRWKH}�=WK²�\=Q�¦7:GW3O(hAO365W9'b&145?(J36(Y7:(�1.^$7v*H1�/W,.BC7J(&i',.A61.5WRl7JGW9�AO1�*-m�;W9&5?(J3O7vE /I,VBC7y>?/�7:1x;?9&5W(C3O7:3O9&(
1.^ � &?K#��[�7:G?9'b<14`'/WBJ9<(J(J3OZW36AO3O7vE=;W3Oq.9&BCR49&(s*+GW9<BJ9D,V( ��I�I�}�&8�¦BJ9<`F,.3O5W()tI5?3O7:9�*+GW3OA69y^_14Bs;?9&5W(C3O7:3O9&(
Aa,.BCR49&Bj7:GI,.5 � &?K4�\[=7:GW9FZ]9<GI,DqL3O14By1.^ U P ,.5W; ��I�I�}�&8��3O(hBC9<q49<BJ(C9&; K�p$GW9[Aa,V7C7:9<Bh/I,.BY7�1.^$7JGW36(
b&>WBYq49 BC9&/WBC9&(J9<587:(X7JGW9�b<BJ3N7:36b&,.A¦b<145W(J1.A6>?7J36145 A63O5W9xmF,.A6(C1{b&,.A6AO9&; 7:GW9��?mvA63O5W9Xm'*+GW36AO9�7:GW9 A61�*-m
;W9&5W(C3O7vE�/W,.BC7�3O(�,)7vEg/W36b&,.AWAO36TQ>W36;gm�qV,./214B©(C/W365?1L;I,VA±K p$GW9-7:GWBC9&(CGW14A6;u;W9<5W(J3N7vE H � � 7:GW,V7�36(	(J9&/W,.B:,V7J365WR7:GW9!7v*H1 BJ9<R436`'9&(�3O(�R43Oq.9&5¢Z8E H � � � &?�4�\[?K �)(u(J9<9&5{365 7:GW9[tIR.>WBJ9!7:GW9!b<BJ3O7J36b&,.Ae7J9&`'/]9<B:,V7J>WBJ9
1.^+7:GW9�b<145W(C14A6>?7J36145�/]1.36587:(y3O5Wb&BC9D,.(C9&(y*+3N7:G 3O5Wb&BC9D,.(C365WRx;?9&5W(C3O7vE4K§p$GW3O(ybD,V5 Z]9�>?5W;W9&BC(C7J1L1g; 365
7:GW9F^_1.A6A61�*+3O5WRl*H,DE2iF(J3O5Wb&9f*H9[b<145W(J3O;W9&B�7:GW9�b&,.(J9 � � M.k�3±K 9.KX7JGW9�>W5WAO36cV9F36587J9&B:,Vb<7:3O145�3O(yA69<(J(
^�,�q.14B:,VZWA69y7JGI,.5�7:GW9�AO36cV9�36587:9<B:,.br7:361.5W(&k (C9&AN^am ,.R4R.BJ9&R4,V7:3O145X3O(¦7:GW9�;WBC3Oqg365?R[`f9<bdGI,.5W3O(J`�1V^eAO36TQ>W3O;Lm
A636TQ>W3O;�(J9</I,.B:,U7:361.5F,.5?;f3N7�36(�7:G?9@(Y7:BJ1.5WR49&B�7JGW9+GW36R4G?9&B�145W9+bdGW1g14(J9<(n7JGW90/I,.BC7J36b<A69-;W9<5W(J3N7vEu(J3O5Wb&90365
7:GW3O($bD,.(C9¦7:GW9s/I,VBC7:3Ob&AO9&($,./?/WBJ18,VbdGl9&,.bdGl1.7:GW9<B$b&AO14(J9<AOEf9&5W14>?R4G[7:1y^_9&9<A 7:GW9s(Y7:BC145WR49<(C70,V7C7:B:,Vb<7:3Nq49
BJ9&R.36145W(+1.^ 7:G?9 � >?cV,D*H,'/21.7J9&587:36,.A±K

� 5W9<b&9<(J(:,VBCE b&145?;W3O7J36145x^_14B¦7JGW9u`f3 |g7:>WBC9y7:1!Z]9u3O5�9&TQ>W36AO36ZWBC36>W` 36(sR.3Oq49<5§ZQE�7JGW9�^�,.b<7s7JGI,V7



� � � ����7 ���	��
����������
������������������������ �"!#���%$������
7JGW9 1P3OZWZW(-^_BJ9<9P9&5W9<BJR.E � � � + T � ® D � }�=?KOM�>�[8�
`y>?(C7fGI,Dq49�, `f3O5W36`y>?`=K 4L9&AN^am ,.R4R.BJ9&R4,V7:3O145¤A69D,V;W(f1.5 7:GW9=145W9lGI,.5W;{7:1 ,�BJ9&;?>Wb<7J36145{365{7JGW9
9<5Q7JBJ14/8Ex,.5W;x7:GQ>W(¦7J1[,F/214(J3N7:3Nq49yb<14587:BJ3OZW>?7J36145#+ T � 365X7JGW9�1s36ZWZW(0^_BJ9<9�9&5W9<BJR.E.k 145x7:G?9y1.7:G?9&B
GI,V5W; 7:1§,xBC9&;W>Wbr7:3O145 1.^$7:G?9[36587:9<BJ5I,.Ae9&5W9<BJR.E � K p$G?36(�Aa,U7J7:9<Bhb<14587:BJ3OZW>?7J36145 3O(hAO9&(J(u,V5W; A69<(J(
5W9<R8,V7J3Oq4907:GW9@A61�*e9&BH7JGW9);W9<5W(J3N7vEF3O(e^_14B�7:G?9¦BJ9&,.(J145FR43Oq.9&5!,.Z21�q49.K 4g1yZ8EF;W9<b&BC9D,.(C365WRy7JGW9);W9<5W(J3N7vE
7JGW9F9<5Q7JBJ14/?36bF/W,.BC7�7:GI,V7j^�,Dq414BC(�,XGW1.`f14R.9&5W9<14>W( :W>W36;�`f3 |L7J>WBJ9'/WA6,�Eg(�,l`f1.BJ9';W14`'365I,.587�BJ14AO9
,.5?;XA69&,.;W(+7:1F,'b<BJ14(C()1�q49<B)^_BJ14`�7:GW9�;W9&`'3N|L365?R'/?GI,.(J9�(J9</I,.B:,U7:361.5XBJ9<R436`'9s7:1'7:GW9jA63OTg>?36;Lm±q.,V/]14B
/WGW,.(J9P(J9</I,.BJ,V7:3O145!BJ9&R.36`'9.K

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

	

T � ��I�I�}�&8�B( *

H �@� &L�#- >
0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

�

���

�����	��
��� �

��� � �

H � � &?�²�f?
A	3OR4>WBC9 =WK ��?Li 	�GW,.(J9 (C7:,.ZW36AO3O7vE A6365?9&([365 7:G?9§7J9&`'/]9<B:,V7J>WBJ9£mvb<145Wb&9<587:B:,U7:361.5 /WA6,.5W9�^_14Bl,¤�0/ �
`'3N|g7:>?BJ9!*+3O7:G � � &?�c[S?�,V5W; ¥.�«� �4�5-?K p$GW9x/21436587F*+G?9&BJ9 U P ;W3Nq49<BJR49<(�36(f`F,.BCc.9<;�Z8E�,
;W36,.`'145W; Kn��q.9&BCEQ*+GW9<BJ9�9&A6(C9 ��I�I�}�&8�H;?3Oq49<BJR49<(y}_;I,.(CGW9&;=A6365?9��rK

p$GW9�(C/W365?1L;I,VAnAO365W9u3O5�7:G?9f7:9<`f/29&BJ,V7:>?BJ9rm�b&145?b&9&587JB:,V7J36145�/WAa,.5?9f3O(�(CGW1�*+5 365�tWRWK-}J=WK²�f?4�¦^_14B
7v*e1 ;W3N\o9<BJ9<5Q7!qV,.AO>W9&(l1.^j7:GW9 ;W9&5?(J3O7vE.K�p$GW3O(!tWR4>WBJ9 (JG?1�*+(l7:GI,U7l7JGW9 b&>WBYq.,U7:>WBC9�bdGI,V5WR49&(X,.(
7JGW9x;W9<5W(J3N7vE�36('qV,.BJ3O9&; K AI14BF7JGW9x;W9<5W(J3N7vE H � � &?�5- > ,.AOA@/21436587J(F1.^P7:G?9x365W(Y7d,.Z?36A63N7vE A63O5W9x,VBJ9
bdGI,VB:,.br7:9&BC36z<9&;�Z8Ex,f;W3Oq.9&BJR.9&5Wb<9�1.^���I�I�}�&4�+*+GW3OA69P^_14B H �P� &?�²�f?���I�I�}�&8�+;W3Oq.9&BJR.9&(¦9rq49&BYEQ*+GW9&BC9
9£|?b<9&/?7�,V7 	������4�F*+GW9<BJ9 U P ;?3Oq49<BJR49<(&K�p$GW9ub<>WBCqV,V7J>WBJ9ubdGI,.5?R49u1.^e7JGW9�(C7:,.ZW3OA63O7vE=A63O5W9y,V(P7JGW9
;W9<5W(J3N7vExqV,.BJ3O9&(s3O(¦;W>W9�7:1[7JGW9�^_14A6AO1�*+3O5WRFBC9D,.(C145W(<ijp$G?9'b<145Wb&,�q.9f/?GI,.(J9u(Y7d,.ZW3OA63N7vE=AO365W9[}�,V7PGW3OR4GH �&�-b&,.5=Z29P9r|L/WA6,.365W9<;[*+3O7:G!7:G?9j(J,.`'9P,.BJR4>?`f9<5Q7J(0,.(0,.Z]1�q.9j*+GW9<5=7JGW9P365Wb<BJ9D,V(J9P1.^ 7:GW9jb&BC3O7:3ObD,.Ab<145W(J1.A6>?7J36145 7:9&`'/29&B:,U7:>WBC9f*+3O7JG 7:GW9F;W9&5W(C3O7vE *-,V(y9r|?,.`'365W9<; Kx��7y*H,.(�,VBJR4>W9<; 7:GI,U7�,V7�G?36R4GW9<B
;W9<5W(J3N7vE�7:GW909&5?9&BJR.9<7:3Ob@b<14587:BC36ZW>?7J36145u7:1P7:G?9"1s36ZWZW(�^_BC9&909&5W9<BJR.E'/WA6,�Eg(�7:GW90;W14`'365W,.587�BJ14AO9.K	��^o*H9
AO9D,Dq49H7JGW9-9<Tg>?36`'14Aa,.B b&1.5Wb&9<5Q7JB:,V7J36145y7JGW9-5Q>W`yZ29&B	1.^¯b&BC14(J(�3O5Q7J9&BJ,.b<7J36145W(©;W9&b<BJ9&,.(J9<(e,V5W;�(J3O5Wb&9H7JGW9



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � � �
A636cV9�36587:9<B:,.br7:361.5W(�,.BJ9�`'14BJ9n,V7C7:BJ,.b<7J3Oq49�7JGW9�36587:9<BJ5I,.A89<5W9&BCR.EP1.^L7:GW9�GW14`'14R49<5W9&1.>W(�5W145Lm�9&TQ>W36`'14A6,.B
`f3 |L7J>WBJ9�3O(©(C`F,.AOA69<BSb&14`'/I,.BC9&;P7:1@7JGI,V7 1.^W7JGW9nGW14`'14R49&5?14>W( 9&TQ>W36`'14A6,.B bD,V(J9e*+3N7:Gj7:GW9n(:,.`'9�7:1.7:,.A:I>W36;!;W9<5W(J3N7vE4K	4L1Wk?A69&(C($9&5W9<BJR.E�36($5W9<b&9&(C(:,.BYEl,V7 	 �� ���4��7J1'Z?BJ365?Ry7:GW9s(YEL(Y7:9<`�^_BJ14`�,�;W9&`'3N|L9&;
(C7d,U7:9sZI,.bdcf7:1u,yGW14`'14R49<5W9&1.>W(-/WGI,V(J9s7:GI,V5[365�7:G?9¦9&TQ>W3O`f14A6,.BHb&,.(J9VK�p$Gg>?(@,U7$GW36R.G�;W9&5?(J3O7vEf7:GW9
(C7d,VZW36AO3O7vEjb&>WBYq490;W9&b<BJ9&,.(J9<(e,V(�145W9$A69&,Dq49&(�7JGW9$9&TQ>W3O`f14A6,.B	b<145Wb<9&587:BJ,V7:3O145W(&K	p$GW9$BJ9rq49&BC(J90Z]9<GI,Dqg3614B
36(�^_14>W5W; k.GW1�*H9rq49&B<kQ,V7©A61�*H9<B	;W9<5W(J3N7:3O9&(&kU*+GW9&BC9H7:G?9eAO36TQ>W36;gmvA63OTQ>W36;s(C/W365W1g;I,.A8b<>WBCq.9-365?b&BJ9&,.(J9<(	*+GW9<5
145W9)`'1�q49<(-,D*-,DE'^_BJ14` 	[� ���4�gK	p$GW3O(HZ29&GI,Dqg3614Bn36(n;WBC3Oq49<5FZ8E'7:GW909&587:BC14/W3Ob)b&1.5Q7JBJ3OZW>?7:3O145u7:1 � k
7:GW9P9&587JBJ14/8E!1.^	`f3 |?3O5WRyZ29&3O5WRu`F,U|L3O`F,.A],V7$7JGW9P9&TQ>W36`'14A6,.B-b&1.5Wb&9<5Q7JB:,V7J36145oK

0

0.2

0.4

0.6

0.8

1

0
0.2

0.4
0.6

0.8
1

0.5

1

1.5

	H �

T �

A	36R4>?BJ9 =WK²��[?i ³ mv;?36`'9&5W(C36145I,VA qg369r* 1V^n7JGW9u/WGI,.(C9�(C7:,.ZW36AO3O7vElZ29&GI,Dqg3614Bs1V^H,!� / � `f3 |L7J>WBJ9�*+3O7:G����&?�c[S?�,.5W;=¥.�x� �4�#-�3O5!7JGW9 T � + H � + 	X(J/I,.b<9.K

� 7JGWBJ9<9rmv;?36`'9&5W(C36145I,VA�/WA61V7s1.^n7:GW9u/WGI,V(J9u(C7:,.ZW36AO3O7vE=Z]9<GI,Dqg3614Bs3O5§7JGW9 T �<+ H �<+ 	�(J/I,Vb&9u36(
(JGW1�*+5�365ltIRWK	}�=WK²��[8�£KWY@1�*PkoAO9<7@>W(¦,.(C(J>W`'9�7JGI,V7@*H9�,V/W/WBJ14,.bdGX7:G?9h/WGI,V(J9h(Y7d,.Z?36A63N7vE!Z]1.>W5W;I,.BYE
^_BJ14` ,.Z]1�q.9[145 ;W3O\]9&BC9&587u/I,V7JGW(&K§��9�t?| 7JGW9[b&145?b&9&587JB:,V7J36145 	¢7:1 � �.�Lk�t?| 7JGW9�;W9<5W(J3N7vE¤,.5W;
BJ9&;?>Wb&9l7:GW9!7:9<`f/29&BJ,V7:>WBC9!>W587:36A$*e9=BC9D,.bdG¢7:GW9l(C7:,.ZW3OA63O7vE�Z]1.>W5W;I,.BYE4K���^@*H9lbdGW1g14(J9X, ;?9&5W(C3O7vE
,.Z]1�q.9)7:GW907:GWBC9&(CGW14A6;'qV,.A6>W9 H � � H � � ,.5W;FBJ9&;?>Wb&9)7JGW9@7J9&`'/]9<B:,V7J>WBJ90>W587:3OA2*e9)b<BJ14(C(H7:G?9)(C7:,.ZW3OA63O7vEZ]14>?5W;I,.BYE *+G?9&BJ9���I�I�}�&4�P;W3Nq49<BJR49<(&k	(C9&AN^am ,.R4R.BJ9&R4,V7:3O145�*+36A6A©7d,.cV9F/WA6,.b&9f,.5W; 7:GW9�:I>W3O;�36(PR41.365WR
7:1F;?9&`'3N|!3O5Q7J1F, �<m�BJ36bdG=,.5W;X,F��mvBJ3ObdG=/?GI,.(J9VK AI14B H � H � � k¯*+G?9&BJ9 U P ( * 7JGW93:W>W36;lZ]9<b&14`'9&(



� � � ����7 ���	��
����������
������������������������ �"!#���%$������
`'9&bdGI,V5W36b&,.A6ANE�>?5W(C7:,.ZWA69!,V5W;{(C9&/I,VB:,V7J9&(u36587:1§,�`'3N|L9&;¤AO36TQ>W36; ,.5W; qV,./]1.B�/WGI,.(C9.K �eE ^_>?BC7:G?9&B
BC9&;W>Wb<365WR[7JGW9u;W9&5W(C3O7vEx7JGW9u(Jb<9&5I,.BC361!*+36AOA�,.R8,V365�bdGI,.5?R49',.5W;§7:GW9 :I>W3O;�*+36A6A©;W9&b<14`'/]14(C9u36587:1 ³
/WGW,.(J9<(&ie,uG?14`f1.R49&5W1.>W(-qV,./]1.B&kI, �<mvBC36bdG!,.5?;X,'��m�BJ36bdG :I>?36; K

�v5F1.BJ;W9<Bn7J1�>W5?;W9&BC(C7d,V5W;F7:G?9);W9<`f3 |?3O5WRP(J9</I,.B:,U7:361.5f145F,j(Y7:BC>Wb<7J>WB:,.A2A69rq49<A¯*e9)BC9&b&,.A6AW7JGI,V7n^_14B
	[� ���4�!}_9&T¯K]�LK ³ =Q�

� 
 
 }�&8� � �+} � ¬v¬ }�&8� ® � ¬ � }�&8�C�
��I�I�}�&8� � �

� }�� ¬v¬ }�&8�G+ � ¬ � }�&8�J�2� }�=?K ��> �4�
p$GQ>W(¦^_BC14` ��I�I�}�&8� ( * ; *+GW36AO9 � 
 
 }�&4�	�+* A	3O7@^_14A6AO1�*+(07:GI,U7 � ¬v¬ }�&4� ( * ,.5W; � ¬ � }�&4� (+ * k�14B�9&TQ>W3OqV,.AO9&587:ANE4k � }

]
¬ � }_�4��+ ��� � � � ( + * *+GW36bdG `'9D,V5W(�7JGI,V7

]
¬ � }��.� � �[,V7h`F,Vb&BJ1Um

(Cb&14/W3Ob¦;W3O(C7d,V5Wb&9<(&K�p$GW9&BC9<^_14BC9s/I,.BY7:36b<A69<(e7:9<5W;[7:1y(C>WBJBC14>W5W;[7JGW9&`'(J9<AOq49<(-*+3O7JG[A636cV9)/I,VBC7:3Ob&AO9&(&k?,.5W;
,Dq41.36;�7JGW9F/?BJ9&(C9&5Wb<9[1.^+>W5WAO36cV9f/I,VBC7:3Ob&AO9&(j365�7JGW9&3OB�5?9&36R.GgZ214BCGW1L1g; K!p$GW3O(h36(P7:G?9�`f9<bdGI,.5W3O(J` 1.^
(C9&AO^amv,.R4R4BC9&R8,U7:361.5 K

p$GW9e;W3O\]9&BC9&587©7vEg/29&(�1V^I/WGI,.(C9H;W36,.R4BJ,.`f(S1V^¯,@ZW3O5I,.BYEP(CEg`f`'9<7JBJ3Obn`'3N|g7J>WBJ9@}�(C9&9e(J9&br7:3O145 ³ K �4K ³ �
7JGI,V7S*+GW9<BJ9�^_14>W5W;j365s7:G?9e`'9D,.5stI9<A6;j(C7J>W;?EP1.^�; ����A4*e9&BJ9H,.A6(C1+BJ9&b<1�q49&BC9&;h*+3N7:GW3O5¦7:GW9h4C/ wP¡ �hKD��9
b&,.A6b<>WAa,V7J9&;j7:GW9-/?GI,.(J9H;W3a,.R.B:,.`'(©Z8E�(J14ANqg365WR07:GW9-b<14>W/WAO9&;�(C9<7�1.^¯9<TQ>I,V7:3O145W(-} ³ K � ³ �S7:1u} ³ K � ?4��*+3N7:G
,6Y@9<*$7J145Lm �@,./?GW(J145x7J9&bdGW5?36TQ>W9.K A	36RWK }J=WK²� �4�$(JGW1�*+(P,f(C9&BC369&()1.^�/WGI,V(J9y;W36,.R4BJ,.`f($^_14B)¥.��� �4�5-
,.5?; � � &?�c[S?Lk &?K#��&?k &?K#�f?LK§�@5W1.7:G?9&By(C9&BJ3O9&(�1.^0/WGW,.(J9[;W36,.R4BJ,.`f(�36(y(CGW1�*+5¤365 tIRWK-}�=WK²��-8�P^_14B
¥.�X���L�X?LK�p$G?9)(J9<TQ>W9&5Wb<9P1.^ 7vEg/]9<(-1.^S/?GI,.(J9);W3a,.R.B:,.`'(�36(�7:GW9@(:,.`'9@3O5f7JGW9@7v*e1�(J9<BJ369<(&kL145WAOE�7JGW9
b<BJ3O7J36b&,.A�/]143O587:(s,.BC9y(JG?3O^ 7:9<;x7:1[AO1�*e9&B@7:9&`'/29&B:,U7:>WBC9h^_14B¦¥V�¤� �4�5-?KPp$GW9�bdGI,.5?R49�1.^�7:G?9y7vEL/29�1.^
/WGW,.(J9y;?3a,.R4BJ,.` 36(07:BJ3OR4R49<BJ9&;XZQE=7:GW9h/I,.B:,V`f9r7:9&B �eK AI14B+7:GW9�3O587:9&BJ,.b<7J36145=/I,.BJ,.`f9r7:9<B �ek]*+GW36bdG
bdGI,VB:,.br7:9&BC36z<9&(H7JGW9)BJ,V7:3O1�Z29<7v*e9&9<5!7JGW9¦>W5?A636cV9),V5W;F7:G?9)A63Oc.9036587:9<B:,.br7:3O145W(e*e9¦GI,Dq.9¦bdGW14(C9&5�qV,.A6>?9&(
(C`F,.AOA69<B+7JGI,.5�145?9.i+7:GW3O()R4>I,VB:,.587:9<9&(<k 7:GI,V7&k ,./W,.BC7¦^_BC14` 7:GW9�q.,V/]14B mvAO36TQ>W36;!7:BJ,.5W(C3O7:3O145 k¯*H9�(CGI,.AOA
,.AO(J1'9&5Wb<14>W587:9<B)^_14B0(J> �'b<369&587JAOE=(J`f,.A6A �¢,6:I>W3O;Lm�:W>W36;l;W9&b<14`'/]14(C3O7J36145 K$�@( �¤36(0;W9&b<BJ9&,.(J9<;§7JGW9
�?mvAO365W9s(CGW3O^ 7J(07J1FA61�*e9&B0;W9&5?(J3O7J369<(),.5?;=7:G?9h(J9<TQ>W9&5Wb<9�1.^	7JGW9�7vEg/29&(@1.^�/WGI,V(J9h;?3a,.R4BJ,.`'($36(+7vEL/29h�( 7vEg/29y�J� ( 7vEg/]9h�J�J�dK]p$GW9y7:G?BJ9&9£mv;W3O`f9<5W(J3O145I,.A�/WGW,.(J9y;?3a,.R4BJ,.` ^_14B¦¥V� � �.�#-�,V5W; �¤� &?�#��&
} 7vEL/29P�J�Y�-36($(CGW1�*+5X3O5�tIRWK } ³ K ³ �£K

��7+Z29&b&1.`f9<(+,./W/I,.BC9&587+^_BJ14` 7:G?9PtWR4>WBJ9<($7:GI,V7H7:GW9 4C/ wP¡ � 36(-,.ZWA69@7:1uR49<7$q.9&BYE[b&AO14(J9¦7J1u7JGW9
7JBJ36b<BJ3N7:36b&,.A2/]143O587DK�p$GW3O(+36($365!b<14587:B:,V(C7+7:1�7:G?9 w � 	]� BC9&(J>?AO7:($^_14B+,uBJ9<Aa,V7J9&;!/WBC14ZWA69<` /WBC9&(C9&587:9<;
3O5�7:GW9s^_14AOA61�*+365WRhbdGI,./?7J9&B&K



�E������� � ���3��� �%
 ����� ����� � ����� � � � 7 ����� � � 

0,9

1

1,1

1,2

1,3
T

*

α=0.65

λ-line

tricritical
point

DFMF

7vEg/]9P�C�J�

0,9

1

1,1

1,2

1,3

T
*

α=0.70

λ-line

tricritical point

triple point

DFMF

LV critical point

7vEg/]9P�C�

0 0,2 0,4 0,6 0,8
ρ∗

0,9

1

1,1

1,2

T
*

α=0.75

 critical end 
     point

λ-line

DFMF

LV critical point

7vEg/]9P�

A	36R4>?BJ95=WK²� �Li 4C/ wP¡ � /WGI,.(C9�;W3a,.R.B:,.`'(F3O5�7:GW9 T �'+ H �£mu/WA6,.5W9X^_14B�qV,.BC3614>?( � qV,.A6>?9&(!,.5W;
¥.��� �4�#-LK�p$GW9$^_>WA6ALA63O5W9&(�BC9&/WBC9&(J9<587etIBC(C7Ymv14BC;W9&B�/WGW,.(J9+b&1g9r|L3O(C7:9<5Wb&9Vkg7JGW9+;I,.(CGW9&;'A63O5W9&(	7JGW9 �Wm�A63O5W9
,.5W;!7:GW9P;W1.7C7:9<;=b<>WBCq.9&()`'9<7:,.(C7:,.ZWAO9 g@m�&,A¤7JB:,.5?(J3O7J36145?(&K



� � � ����7 ���	��
����������
������������������������ �"!#���%$������

0,6

0,7

0,8

0,9

1

T
*

α=0.65

0,6

0,7

0,8

0,9

1

T
*

α=0.70

0 0,2 0,4 0,6 0,8 1
ρ∗

0,6

0,8

1

T
*

α=0.75

A	3OR4>WBC9"=WK �@-?i�p$GW9P(:,.`'9j,.(+365�tIR?K }�=WK²� �4�e^_14B+¥V�x���g� ?



� ����� �����

	 ��
� 
 ��� � ��� ��� �

� & �





	 � ��� � � � �

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

�
	�� ��������
�������������

���! #"%$'&%()$+*-,/.10%232)$545 #,6.1�879$�";:<*=$�,/�>*1$52? ),/@>:A )$�BC #"%$'&%";:=2?$EDF$�";:<*-,/.1(3.=GH:ID%,/�;:A(?JK2?J-L�L'$+ #(?,/4
D%0%M/NPO;0Q,/BSRUTV2W$YXQ&F$�4+ #$5BSZQ79$[";:<*1$VG\.10%�%BE:]L^0%4_"'(),/4_"Q$�(9*A:=(?,/$+ �J`.=G�&%";:A2)$[BQ,a:=@1():=L�2b )";:=��,6�E:
.1�%$+cd4�.1L�&F.1�%$��> 9O;0%,/BeRUf�"%$g2hJi2h #$5Lj )";:A k7W$l:A()$[@=.1,/�%@m #.n #(?$<:A W,/�` #"%$oG\.1M/M6.p7H,6�%@m,/2k$5*=$��
L'.=()$
4�.1L�&%M/$YXrqU7W$n,/�>*1$52? ),/@>:A )$n:`DQ,/�;:=(hJ�2hJiL�L�$5 #(?,/4gO;0Q,/Bs #";:t H,/2�4�.=�Qu;�%$5Bv,/�I:PB%,62).1(?B%$�(?$�BI&r.1(?.10%2
LE:A )$�(?,a:=MxwyL':A #(?,zX%{V:=�QBC2h #0%BiJ1Z�,/��&;:A(? #,64�0%M/:=(�ZF #"%$`,6�QO;0%$5�%4�$P.=Gk #"Q$P&%().1&F$�(h #,6$�2l.=Gb #"Q$PLE:A )(),|X
:=�%BI.=G} )"%$mLE:t #(),|X~cdO;0%,6B�,/�> )$�(#:A45 #,6.1�%2�.1�
 #"Q$n&Q";:=2)$mDF$�";:<*-,/.=(�R

���>*1$52? ),/@>:A ),/.1�Q2I.AG3 )"%$K&%().1&F$�(h #,6$�2
.=GnO;0%,/BQ2I,6�� #"%$5()L':=Ml$��~0%,6M/,/DQ(),/0QL 7H,z #"�:�B%,/2?.1()B%$5()$5B
&r.1(?.10%2�2? )()0%4+ #0%(?$9"%:�*=$WDF$�45.1L'$b:�*1$5(?Jm4_";:AM/M/$5�%@1,6�%@xu;$�M6B3,6�mM/,/�~0%,6Bl2? #:A #$b&%">J-2),64�2�� ���p� B%0%(),6�%@� #"%$
&;:=2? kJ1$�:=()2W:=�%B` #"%$o�~0%L^DF$�(b.=Ge$+Xi&r$5(),6L'$5�~ #:=M�:=�%B� #"%$5.1()$+ #,64<:=M;2h #0%B%,6$�2b,/�` #"Q,/2�u;$�M6B'"%:=2bMa:=(?@1$�MzJ
,/�%45()$<:A2)$�BeR��g0%$9 ).[ #"Q$W,/L�&F.1(? #:=�%4�$k.=GF:=BQ2).1(?&Q #,6.1�].1�]&r.1(?.10%2}LE:A )$�(?,a:=M62�,6�]L':=�>Jm #$�4_"Q�%.1M/.=@1,/4�:=M
:=&%&%M6,/4<:t #,/.=�%2g2)0Q4_"�:=2m4<:t _:=MzJi2?,/25Z�@1:=2m2)$�&%:=(#:A ),/.1�eZ�@>:=2m&%0%(?,6u;4�:A #,6.1�K.1(l.= #"Q$�()2n:
Ma:=(?@1$`:=L�.10%�> 
.=G�$+Xi&F$�(),6L'$5�> _:=M�B;:A #:3.1�E@>:=29:=B%2).=()&Q ),/.1�'.1��&F.1().10Q292?0%D%2? )(#:A )$�2x"%:�*=$gDF$�$��
:A4�4�0QL^0%Ma:t #$�B'.�*1$�(
 #"%$EJ=$<:=(?2
� ���1�t� RvTV�%.= )"%$�(^&F.1,6�~ 3.=G�,6�> #$�(?$�2h P,/�8$+Xi&r$5(),6L'$5�~ #:=Mk()$�2?$<:=(?4_"�";:=2^DF$�$5�! #"Q$�2? )0%BQJ
.=G�M/,6�~0%,/B%2m:AB%2).1(?Dr$5B!,6�8&F.1().=0%23L�$�BQ,a:QR����>*1$�2h #,6@>:A #,6.1�%2n";:<*1$'Dr$5$��!G\.-4�0%2?$�B8.1�8 )"%$',6�QO;0%$5�%4�$
.=G3 )"%$K&%().=&r$5(? #,6$�2s.=Gn #"Q$�&r.1(?.10%2sL�$�B%,/:�.1�� #"%$K45(),6 ),/4�:=M[DF$�";:<*-,/.=(
:=�%B�.1�� #"%$K&%(?.i45$�2?2I.AG
&%";:=2?$'2?$�&;:=():A #,6.1�C.=Gx:
M/,6�~0%,/BK:=BQ2).1(?Dr$5B8,6�K )"%,/2mL':A #$5(),/:=M�R3f�"%,/2m()$52)$�:=()4_"!7W:=2nL'.A #,6*A:A )$�B�D>J
B%$P�l$��%�Q$�2P� ���=�A� 7H"Q.E2)0Q@1@1$�2h #$5B� #";:A VD%,6�;:=(?J�L',|Xi )0%()$52[:AB%2).1(?Dr$5B�,/�I&F.1().10Q2VL�$�B%,/:��Q$<:=(H #"%$
4�(),z #,64<:=Mi&r.1,6�> bLE:<J^DF$x #"Q.10%@1"> k:=2b$+Xi&F$�(?,/L�$��> _:=MQ()$<:AM/,/��:A #,6.1�%2}.=Gr )"%$�(#:A�%B%.1L�u%$�M/B`��2?,/�%@mL�.iB%$5M
w��o���h��{x� ���>�t� � :g2)&Q,/�PL�.iB%$5Mi.AG�(#:=�%BQ.1L�L':=@1�%$+ #25R����^ #"Q,/2�L�.-B%$�M- #"%$x():=�%B%.=L�u;$5M/BPB%$52)45(),/DF$�2
 #"%$l2?&;:A #,/:=M/MzJP*A:=(?J-,/�Q@P&%()$+G\$�()$5�%4�$m.=G� )"%$l&F.1()$g�Q$5 �79.1()NEG\.=(W #"%$g:=B%2).=()&Q ),/.1�s.=G�.=�%$l.=G� #"%$VO;0%,/B
4�.1L�&r.=�%$��> #25R

���=�



����� ����� �
	�� ��f�
����� � �������������@������	��
�
��Xi&r$5(),/L�$��> #:=M�2? )0%B%,/$523"%:�*=$'(?$5*=$<:=M6$�B8 )";:A 3:
&r.1(?.10%2mL':A #(?,zX w\$5*=$��!,zGW,z m.i454�0%&Q,/$�2n.1�%MzJ�:

2?LE:=M6M}G\():=45 ),/.1��.=G9 #"%$P*=.1M/0%L�$�{[4�:=�K";:<*1$':I2?0%D%2h _:=�> #,/:=M�,/�iO;0%$��Q4�$`.1�K #"%$`&%";:A2)$`Dr$5";:<*-,/.1(m.=G
 )"%$�M/,6�~0%,/BSq �"!V$s:=�QB$#&%`,/�8"%,/@="ic�&F.1().=2),6 �JC:A$�().=@1$�Mg� �<�A� :=(?$E �79.�$+XQ:=L�&%M/$52]7H"%$�(?$E #"Q$��%$<:A(hc
45(),6 ),/4�:=M�M6,/�~0%,/B-cd*A:=&F.1(`w('*)l{g4�0%(h*1$E,62l�;:=(?().�7W$5B�B%():=2? ),/4<:AM/M6J 0%�%BQ$�(m #"%$�,/�QO%0%$��%45$'.AG�:
LE:A )(),|XeR
f�"%$�$,+r$�4+ #2^DF$�45.1L�$�.AG�4�.10Q()2)$'(),64_"%$�(n:=�%B8L'.=()$`,/�> #$5()$52? #,6�%@v,6�C )"%$�4<:=2?$' #"%:A m #"%$�O;0%,/BC,/2n:
D%,6�;:=(hJ�L�,zX- #0%(?$=qgG\.1(l$YXQ:=L'&QM/$=Z�$YXQ&F$�(?,/L�$��> #2m.1�8:.-/!V$Yc0�/!o$�L�,zX- )0%()$P,6�%2),6B%$`:I"Q,/@1"%MzJv&F.1(?.10%2
2?,/M/,64<:tcd@1$�MW.1(E:C&r.=().10%2�@1.1M6B L':A )(),zX�";:<*1$�2?"%.�7H��:8B%():=2? ),/4IL'.-B%,6u%4<:A ),/.1� .=Gg )"%$v2?0%&F$�(?O%0%,/B
 )(#:=�%2?,6 ),/.1�C� �p�p� R
1  ),/L^0%M/:A #$5B]D>J] )"%$�2?$�$+Xi&F$�(),6L'$5�> _:=Mi()$�2?0%M6 )2�Z>45.1�%2),6B%$�():=D%M6$x$,+r.1(? U";:=2UDF$�$5��BQ$�B%,64<:A )$�BP,/�^ )"%$

M/:=2? VB%$�4�:=B%$^ ).�B%$5*=$�M6.1&%,/�Q@E #"%$5.1()$+ #,64<:=M� #.-.1M/2H #"%:A l:=M6M/.�7  )"%$^,6�~*=$�2h #,/@1:A #,6.1�v.=Gb2h #(?0%45 )0%(#:=M�:=�%B
 )"%$�(?L'.-BQJ-�;:=L�,/4l&%(?.1&F$�(? ),/$52V.=GUM/,/�~0%,6B%2�,/�I�~0%$��Q4_"%$�BK&F.1().10Q2VL�$�B%,/:QR2��Xi&F$�(),6L'$5�> _:=M�()$52)0%Mz #2V,/�
B%,6M/0Q )$W2?,/M/,64<:[@=$�M/2�wy&F.1().10Q2�LE:A )$�(?,a:=M62�7H,z #"P"%,6@1"P&r.=().12?,6 �Jn7H"%$�(?$H )"%$�&F.1().12?,6 �J34<:=�`DF$H:=2�"%,6@1"`:=2
�1� R �43 {}79$�(?$o,6�> #$�(?&%()$+ #$5B'D>JP #"Q$V�o���h�8R45l�P )"%$H.= #"%$5(b";:=�%BSZ~,z �";:=2bDF$�$��':=(?@10%$�BP )";:A k$+Xi&F$�(),|c
L�$��> #2k,/��)[J-45.1(lw 7H"%,/4_"',/2k:3@1M/:=2)2�7H,z #"�:lGy:=,6()M6J]M/.�7�&F.1().=2),6 �JQ{U4<:A�EDF$V,6�~ )$�(?&%()$+ #$�BE,/�` #$�(?L'2k.=G
79$5 ? #,/�Q@l&%"%$��Q.1L'$5�;:m,/�`:g4�.=�Qu;�%$5B'@1$5.1L�$5 #(hJ]7H,z #"P�%.m(#:A�%B%.1L��%$�2?2o� �<�76A� R�f�"%$5.1()$+ #,/4�:=M%2h #0%B%,6$�2
.=G�4�.1�iu;�%$�B�O%0%,/B%2o";:<*1$3@1$��Q$�(#:AM/M6J�Dr$5$���M6,/L�,6 #$5B� #.98 2?,/�%@1M6$m&r.1(?$*:�L�.iB%$5M/2�7H,6 )"v,6B%$<:=M6,/�5$�B
&r.=()$
@1$5.1L�$5 #(?,/$52�Zbw\$=R @%R]O;0%,6B%2l4�.=�Qu;�%$5BC ).I�%:=()(?.p7HMzJ�2?&;:=4�$5B8&QMa:=�%$37x:=M6M/25Z�45J-M/,6�%B%(),64<:=M�.1(l2?&%"%$�(?,/4�:=M
&F.1()$52�� ���4;p� {g7H"%,/4_"8Ma:=4_N� )"%$�:AD%,/M6,6 �Jv ). (?$�&%(?$�2?$��> �:
 )()0%MzJKB%,/2?.1()BQ$�()$5B�2? )()0%4+ #0%(?$=R
���!(?$<:=M6,6 �J=Z
"%.�79$5*=$�(�Z>&F.1(?.10%2�2?.1M/,6B%2}:=()$k.=G  #$5�^B%,62).1(?B%$�(?$�BSZ145.1�> _:=,6�%,/�Q@[:=�3,/�> #$5()45.1�%�%$545 #$5BP�%$5 �79.1(?N].=G;&F.1(?$�2
.=Gk*A:=(),6.10%2l2?,/��$52n:=�%BC2)";:=&F$�25R<5g�K #"%$`.= )"%$�(l"%:=�%BSZ�4�.1�iu;�%$�L�$��> n,/�� )"%$`&r.1(?$�2n&%Ma:<J-2l�%.I().1M6$
,6�
 )"%$3�V���h�CR=!o$��%45$=ZFDr.A #" :=&%&%(?.>:=4_"%$52[B%.��%.= V2)$5$�L 2)0?>�45,/$��> o #.'B%$�2?4�(),6Dr$m #"Q$n*A:=2h o*A:=(?,/$+ �J
.=G�&Q";:=2)$[Dr$5";:<*i,6.1(x.1DQ2)$�(h*1$5BSR2@W.=�%2)$5�-0Q$��> #MzJ1Z�:]L�.1()$V()$�:=M/,62? #,64V45.1�> #,6�-0Q0%L�BQ$�2)45(),6&Q #,6.1��G\.1(9 )"%$
O;0Q,/B�AA2?.1M/,6B�2?J-2h #$�L 7W:=2l(?$��~0%,/(?$�BK7H"%,/4_"K,62m:=D%M/$3 #.
4�.1L�&%(?,/2)$](#:=�%BQ.1L'�Q$�2)25Z�4�.1�Qu%�%$�L�$��> 3:=�%B
45.1�%�%$545 #,z*-,6 �JsDF$5 �79$�$5�  #"Q$n&F.1(?$�2�R
1 0%4_"�:A��:=&%&%(?.>:=4_" 7W:=2�&Q().1&F.12)$5B D>J�� :=B%B%$5��:=�%B��lMa:=�QBQ �� �B6p� 7H"%.!L'.-B%$�M6$�B 2)0%4_"�:

2hJi2h #$5L :=2m:�2)&F$�45,a:=MUDQ,/�;:=(hJ�L�,zX- #0Q()$=qo #"%$`&F.1().=0%2l2).1M6,/B�,62lL'.-B%$5M/$�BK:A2m:�(),/@=,/B�:=(?(#:=�Q@1$�L�$��> 
.=G3&;:=(h #,64�M/$52E #"%:A I,/2s�%.= I:�+e$545 #$5B D>J  )"%$K,/�> #(?.iBQ0%45 ),/.1��.=Gn #"Q$CM6,/�~0%,6BSR f�"%$K4�.=�Qu;@10%():A #,6.1�
.=GH )"%$
,/L�L'.1DQ,/M/$`L':A #(?,zX!&;:=(h #,/45M/$52^,/2P:A2)2)0QL'$5B  ).C"%:�*=$
Dr$5$�� G\.1()L�$�B D>J :=� ,/�Q2? _:A�~ #:=�%$5.10%2
 )"%$�(?LE:=M}�~0%$��%4_"C.=G9:�O;0%,6B�,/��$��~0%,6M/,6D%(),60%L :A m:s"%,6@1"%$�(V #$�L�&F$�(#:t #0%(?$*CS #"%:A l,/25ZS #"%$P�~0%$5�%4_"%$5B
&;:A(? #,64�M6$�23:=()$�B%,/2h #(?,/D%0Q )$�B�:A4�4�.=()B%,6�%@  ).�:=��$5�~0%,/M6,/D%(?,/0%L $5�%2)$5L^D%M6$�:A ]:v"%,6@1"%$�(m #$5L'&F$�():A #0Q()$
,6�� #"%$m:=DQ2)$��Q4�$n.=G� #"%$lO;0%,6BSR�f�"%$lO;0%,6Bs&;:=(h #,/45M/$52mwy.1(H:A�%�%$<:AM/$�B
&;:A(? #,64�M6$�2_{b #";:A H45.1�%2h #,6 )0Q #$g )"%$
2?$�4�.=�%Bs4�.1L�&F.1�%$��> H:A()$g:AM/M/.�79$�B� #.^L�.�*1$g,6�E #"%$o*1.1M60%L�$V #"%:A x,62W�%.= W.i454�0%&Q,/$�BsD>J� #"%$[LE:A )(),|XeR
��� 4�.1�> #():=2? � #.8:D8 2? #:=�%B;:A()BE:� �79.Ac�45.1L'&F.1�%$5�> E$5�-0Q,/M/,6D%(),60%L L',|Xi )0%()$AZ9 )"%$�(?$v,/2`�%.C2? )()0%4+ #0%():=M
(?$�2)&F.1�%2?$3.AG} )"%$mLE:A )(),|XE ).` )"%$m&;:=(h #,/45M/$52�,/�s #"%$lO;0Q,/BSR

f�"%$lL':=,/�E&%().1DQM/$�Lj,/�� )"%$lB%$52)4�(?,/&Q ),/.1�s.AG� )"%$l2?J-2h #$�L M/,/$52x,/�' #"%$g �79.`2)0%454�$�2?2),z*1$^:<*=$�(#:A@1$�2
(?$��~0%,/(?$�B�G\.1([ )"%$^4�:=M/450%Ma:A ),/.1� .=Gb #"%$5()L�.iBiJi�%:=L',64^:=�QBC2h #(?0%45 )0%(#:=M�&%().1&F$�(h #,6$�2�qV.1�%$`:<*1$5(#:=@=$�,62



� ���
� � 	*������� ��� �����

 _:=NA$���.�*1$5(k )"%$o4�.1�Qu%@10%(#:t #,/.=�%2b.=Ge )"%$VM6,/�~0%,6BSZ1N=$5$�&%,6�%@3 )"%$oLE:A )(),|XP&;:=(h #,64�M/$52�,/�`uQXi$�B'&r.12?,6 ),/.1�%25Z
:=�%B� #"Q$l2)$�45.1�%BI:<*1$5(#:=@1$l,62W #"Q$��� _:AN=$��
.�*1$5(�B%, +r$�(?$��> �L':A #(?,zX'4�.=�Qu;@10%():A #,6.1�%25RUf�"%$gu;(?2? H2? )$�&%2
 #.�2).=M6*-,/�%@8 #"%,62�4�.1L�&%M6$+X &%().=D%M/$5L 79$�(?$C&Q().1&F.12)$5B�D>J��v:=BQB%$���:=�%B��lMa:A�%BQ <Z�7H"%.�BQ$�(),z*1$5B
4�M/0Q2? #$5('$YXi&;:=�%2?,/.1�%2`G\.1(P #"Q$ B%,62? )(),/DQ0Q #,6.1��G\0%�%4+ #,/.=�%2 CH,/�> )$�@1():=M�$��~0;:A ),/.1�Q2`G\.=(` )"%$I4�.1(?()$�M/:A #,6.1�
G\0%�%45 ),/.1�Q2�Z97H"Q,/4_" :=()$
2),6L',6Ma:=(m #.K #"Q$ 5���$��~0;:A ),/.1�Q2�,6� 2? _:A�%B;:=(?B M6,/�~0%,/B-c�2? #:A #$' #"%$5.1(?J=ZW";:<*1$
Dr$5$�� &%()$52)$5�~ )$�BSR!����2)0%D%2?$��~0%$5�~ �79.1()N�ZW�m,z*1$�� :A�%B 1  #$5M/M9";:<*1$
:=&%&QM/,/$5B! #"Q$s()$�&QM/,/4�:vL�$5 #"Q.iB
wy,/�> )().-B%0%4�$5B .1(),6@1,/�;:AM/M6J�,/�� #"Q$� #"%$5.1(?J!.=Go2)&%,6� @=Ma:=2?2)$�2I� � ;t� {n ).K )"%,/2]&%().1DQM/$�L � ����� Z ���1� Z ���A�
:=�%B�";:<*=$P&%().�*-,/B%$5B�:E&F.�7W$5(?G\0%M� #.-.1M�.1�v7H"%,64_"�LE:A�~JI.=G� )"%$]&Q()$�2?$��> ?cdB;:<J�:=&Q&%().>:A4_"%$�2g,6�  )"%,/2
u;$�M6B�:=(?$nD%:=2)$5BSR�f�"%$n()$�&QM/,/4�:^ #(),64_Ns$+Xi&%M6.1,6 )2V:`L':A #"%$5LE:t #,/4�:=MS,62).1L�.1()&Q"%,/2?L DF$5 �79$�$���:'&;:=(h #MzJ
�-0Q$��%4_"%$5B`2?J-2? )$�L�:=�%B]:oM6,/L�,6 #,6�%@W4�:=2)$9.=G;:H4�.=()()$52)&F.1�%B%,6�%@[$5�~0%,/M6,/D%(?,/0%L 2?J-2? )$�LIZA7H"%,64_"]4�.=�%2),62? #2
.=GU #"Q$3�%.�7 L�.1D%,6M/$lL':A #(?,zXs&%:=(? ),/4�M6$�2V:=�%B .=G � �%.=�%,/�> #$5(#:=4+ #,6�%@',6B%$��> ),/4<:AM�45.1&%,6$�2o.=G� )"%$]M6,/�~0%,/Beq
 #"%$l&%(?.1&F$�(? ),/$52�.=G� #"%$l�~0%$5�%4_"%$5Bv2?J-2h #$�L :A()$g.1Di _:=,6�%$�BsD>J�45.1�%2?,/B%$5(),/�Q@^ #"%$lM6,/L�,6 �	� � .=G� #"%$
&%().1&F$�(h #,6$�2n.=G9 )"%$�$��~0%,/M6,/D%(?,/0%L 2?J-2h #$�LIZ}7H"Q,/4_"SZ},/�� #0%(?�SZ�4<:=�8Dr$P #(?$<:A )$�B8D~JK2h _:=�QB;:=()B8M/,6�-0Q,/B
2? _:t #$  )"%$�.=(),/$52�R��l,6*=$�� :=�%B 1  #$5M/MH&%()$52)$5�~ )$�B�,6�  )"%$�,6(`79.1(?N  )"%$!wy�%.�7 45.1()(?$�45 _{`G\.1(?L^0%M/:A #,6.1�
.=G] )"%$82?. 4�:=M/M6$�B�()$5&%M/,64<:D5���wy� 5���{s$5�~0;:A #,6.1�%25Zg #"%$K4�.=0%�> #$�(?&;:=(h v.=G3 #"%$ 5���(?$�Ma:t #,/.=�%2s,/�
2? _:A�%B;:=(?B�M6,/�~0%,6B 2? #:A #$v )"%$�.=(?JFq! #"Q$5J (?$�M/:A #$v )"%$�M/,6�~0%,/BicdM/,6�-0Q,/BSZb #"%$�M6,/�~0%,6Bic�L':A #(?,zXrZx:A�%B  #"%$
LE:A )(),|X-cdLE:t #(),|X 4�.1(?()$�M/:A #,6.1��G\0%�%4+ #,6.1�%2�R���,6�;:=M6M6J1Zr #"%$5()L�.iBQJ-�;:AL',64^()$5Ma:A ),/.1�%2gG\.=(l2)0%4_"82?J-2? )$�L�2
";:<*1$nDr$5$��v&Q()$�2?$��> #$5BvD>JI�H.12),6�-DF$�(?@ ���2�*��
 � � ��� Z � � ��� R

���> #$5@1(#:AMe$��~0;:t #,/.=�E #"%$5.1(),6$�2W7H"Q,/4_"s0%2?$m:=&%&%(?.�Xi,6LE:A )$[45M/.12?0%()$52W #.] )"%$l� 5���$��~0;:t #,/.=�%2x";:<*1$
Dr$5$��C:=&%&%M6,/$5B  #.' #"%$^4�:=M/450%Ma:t #,/.=�I.AGb&;:=,/(VB%,/2h #(?,/D%0Q ),/.1�
G\0%�%4+ #,6.1�%2P� � �� Z � �<� Z � �<� Z � �p�p� R @W.1LPc
&;:=(),62).1��7H,6 )"�()$52)0%Mz #29G\(?.1Lj� .1�> )$�@x:=(?M/.]2?,/L^0QMa:A ),/.1�%2o� � ��� Z � �<�=� ,/�%BQ,/4<:t #$�B� #";:t 9 )"%$g:=&Q&%().>:A4_"
";:=23:=�!:A4�4�0Q(#:=4+J845.1L�&;:=(#:AD%M/$^ ).I )";:A n.=GxDQ0%M/N�M6,/�~0%,6BC2h _:A )$P #"%$5.1(?J=Rs�;0%(? )"%$�(l #"Q$�.1(?$5 #,64<:=M�(?$+c
2)$<:A()4_"C";:=2[G\.-4�0%2?$�B�.1�� )"%$^&%"%:=2)$PDF$�";:<*-,/.=([.=GbO;0%,6B%2g,6��B%,/2?.1()BQ$�()$5B�&r.=().10%2[LE:A )$�(?,a:=M62�R���:=@1$
:=�%Bs�I.1�%2).=�K� � �B6t� .1D%2?$�(h*1$�Bs,6�� )"%$�,6(9� .1�> #$ @x:=()M6.32?,/L^0%M/:A #,6.1�P.=GS: '�$��%�%:=()Bic��=.1�%$529O;0%,6B� )";:A 
,/2m4�.1�iu;�%$�BC,/�C:s(),6@1,/B�L':A )(),zXv.=G92)&%"Q$�(),64<:=M�.=D%2? #:=4�M6$�2n:s2),/@=�%,6u;4�:=�> m�;:=(?().�7H,/�%@
.=Gk #"Q$�M6,/�~0%,6Bic
*=:A&r.1(34�.-$+Xi,/2h #$5�%4�$s450%(?*=$ :A2379$�M/MW:=2] )"%$�$5*-,6B%$��%45$s.=Go:�2)$54�.1�QB O%0%,/Bic�O;0%,6B!&%";:A2)$� #():=�%2?,6 #,6.1�
:A nM/.�7  )$�L�&r$5(#:A )0%()$AR��n:AL',6�%2)N>J�:A�%B��I.1�%2).=��� � � ;p� :A�%B!�;.1(?BC:=�%B!�mM/:=�%BQ �� � ���t� :=&%&%M6,/$�BK:
L'$�:=�icdu%$�M/B� )"%$�.1(hJ� #.
L�.iBQ$�M�2hJ-2? #$5L'23:=�%BK2?"%.�7W$5B! #";:t mDr.= )"� #"%$`4�(?,6 ),/4<:AM} #$5L'&F$�():A #0Q()$`:=�%B
 #"%$g45(),z #,/4�:=M�B%$��Q2),6 �J'B%$54�()$�:=2)$g7H,z #"�,6�%4�(?$<:=2?,/�%@3LE:t #(),|X�4�.1�Q4�$��> )(#:A ),/.1�SR��l,6$�()M6,/N ��� �*��
 � �>��� ";:<*1$
:=&%&%M6,/$�B :=� ,/L�&%().�*1$5B &F$�(h #0%(?D;:A ),/.1�  #"%$5.1(?J��� #"%$I.1&Q ),/L�,/�5$�B 4�M60%2? )$�(` #"%$5.1(?J��� #.CB%$�2?4�(),6Dr$
&%";:=2?$gB%,a:A@1(#:=L�2b.=G '�$��Q�;:=()B-c��=.1�%$529O;0Q,/B%25R�f�"%$5J'.1D%2?$�(?*=$�Bs #"%:A 9 )"%$[M6,/�~0%,6Bicd*A:=&F.1(�4�.-$+Xi,62? #$5�%4�$
4�0%(h*1$m7x:=2�2?,/L�,/M/:=(k ).^ #";:t H.=G}:^D%0%M/N�O;0%,6BSZ;:=Mz #"%.10Q@1"�B%,62)&%M/:=4�$5B :A�%B
�;:=()(?.�7W$5BSRbT[B%B%,z #,6.1�;:=M6M6J1Z
 #"%$W )"%$�.=(?J^&Q()$�BQ,/45 )$�B^ )"%$�:=&%&F$<:A(#:=�%45$x.=GF:g2?$�4�.=�%BPO;0%,/B-cdO;0%,6B3 )(#:=�%2?,6 ),/.1�]:A UM6.p7� )$�L�&r$5(#:A )0%()$52�R
f�"%$�,6(o(?$�2?0%M6 )2H79$�(?$345.1L�&;:=()$5Bs7H,6 #" � @�� @ 2?,/L^0%M/:A #,6.1�%29,/�8� � ���t� R

�H$�45$��> #MzJ1Z-:mG\.=()L':=M/,62)L  #.m #(?$<:A k2?J-2h #$�L�2k4�.1�> _:A,/�%,6�%@l&;:=(h #M6J^�-0Q$��%4_"%$5B�L�,zX- #0%(?$�2�7H,6 )"`$�M/$54+c
 #().=2? _:t #,/4l,6�> #$�():=45 ),/.1�Q2�Dr$+ �7W$5$��v*A:=(?,/.10%2�2?&r$54�,6$�2]� ��A�t� :=�%B
 #.P )()$<:t HB%,a:A ).1L�,/4[O;0Q,/B%2H:=BQ2).1(?Dr$5B



����� ����� �
	�� ��f�
����� � �������������@������	��
�
,6�s&r.1(?.10%2HL':A #(?,/4�$52�";:=2HDF$�$��I&%(?$�2)$5�> #$�B�� �� �5� R
1 .KGy:=(�Z9.1�%MzJ! #"Q$ &%"%:=2)$IDr$5";:<*-,/.1(`.=G[.1�%$+cd4�.1L�&F.1�%$��> �M/,6�~0%,/B%2P,6� :C&F.1().=0%2`L'$5B%,/0%L ";:=2

DF$�$5�I,6�>*1$�2h #,6@>:A #$5BSZQ7H"%,6M/$g&Q(#:=4+ #,/4�:=M/MzJ��%.`:A ) )$��> #,6.1�s";:=2�DF$�$5� &%:=,/B� ).PB%$�2?4�(),6Dr$lDQ,/�;:=(hJ�M6,/�~0%,/BQ2
,6�
:`&F.1(?.10%2HLE:t #(),|XrR !V.�79$5*=$�(�Zr:P2? )0%BQJ
.=G}2)0%4_" :P2?J-2? )$�L ,/2W.=G�,6�> #$�(?$�2h VBQ0%$l #.P #"%$lG\.1M6M/.�7H,/�Q@
 �79.E(?$<:=2?.1�%2�q9u;()2h <Z�2),6L',6Ma:=(W ).� )"%$n"%.1L�.1@1$��Q$�.10%2o4<:A2)$=Z� #"Q$32h #$�& G\().1L :�.1�%$Yc�4�.=L'&F.1�%$5�~ H ).E:
D%,6�;:=(hJsM/,6�-0Q,/BI.*+e$5()2�c9B%0%$3 ).' )"%$3,6�%4�(?$<:=2?$�B��~0%L]Dr$5([.=G�&;:=(#:AL'$+ #$�(?2Hcx:'L]0%4_"v(?,/4_"%$5(o*A:=(?,/$5 �J=R
T G\0%(? )"%$�(',/L�&r.1(h _:=�> �L�.= #,z*=:t #,/.=�  ).!&%(?.i45$�$5B  #.�M6,/�~0%,/B L�,zX- #0%(?$�2�,/2� #"%$IGy:=45 ' #";:A '2)$+*1$5(#:=M
$YXQ&F$�(?,/L�$��> #2H";:<*=$3DF$�$5� L':=B%$gG\.1(�2?0%4_"v2hJ-2? #$5L'25R

�V2?,/�%@m #"Q$o(?$�&%M6,/4�:l )(),64_N]7W$o";:<*1$o@1$5�%$�():=M/,6��$�B` #"Q$HG\.=()L^0%M/:A #,6.1�P.=GF #"%$H #"Q$�.1(hJ^ #.m #"%$oD%,6�;:=(?J
L�,zX- #0Q()$x,6�`:m&F.1(?.10%2�L':A #(?,zXsw\7H"%,64_"�(?$�&%(?$�2?$��> #2W:[*1$�(hJ`2)&F$�45,a:=MQ )"%()$5$+cd4�.1L�&r.=�%$��> b2?J-2h #$�LE{H� �A� Z
�� �p� q�7W$V";:<*1$g&Q().-4�$�$5B%$�B�:=M/.1�Q@32?,/L�,/Ma:A(UM/,6�%$�2k:=2k,/�� #"%$o.1�%$Yc�4�.=L'&F.1�%$5�~ 94<:A2)$g:A�%B�B%$5(),6*=$�BE )"%$
� 5�� $��~0;:A ),/.1�%2l7H"%,64_"!�%.�7 45.1�%2?,/2? 3.=GW.1�%$`B%$�45.10%&%M6$�B8$��~0;:A ),/.1�KG\.1(l #"%$�L':A #(?,zX�45.1()(?$�M/:A #,6.1�
G\0%�Q45 #,6.1�%2������x:=�QB	�
���lw�:A2k,6�� )"%$o4<:=2?$V.=GS:n.=�%$+cd4�.1L�&r.=�%$��> kM/,6�-0Q,/B�{U:=�QBE:m2)$+ W.=Ge$�,6@1"> 945.10%&%M6$�B
,6�~ )$�@1():=Mzcd$��~0;:A ),/.1�Q2mG\.=(3 #"Q$�2)$+ P.=G� #"Q$�()$5LE:=,6�%,/�Q@v4�.=()()$5Ma:A ),/.1�KG\0%�%4+ #,6.1�%2
w *i25R� #"%(?$�$�45.10%&%M6$�B
$5�-0%:A #,6.1�%2s,/�� )"%$�4<:=2?$K.=G^:�2?,/L�&%M/$�M6,/�~0%,6B�{+R�f�"%$�2?$8$5�~0;:A #,6.1�%2
4<:A��DF$K2).1Mz*1$5B :=M6.1�%@�7H,z #"
.1�Q$v.=Gg )"%$v2h _:=�QB;:=()B M/,/�~0%,6B 2h _:A )$v45M/.12?0%()$52Kwy2?0%4_"�:=2 ��$�(?4�0%2 c��k$5*-,64_N .1(�">Ji&F$�(?�%$5 ? #$5B�4_"%:=,/�
:=&Q&%().<Xi,/L':A #,6.1��{�0%2),6�%@s$,>�45,/$��> m�~0%L�$�(?,/4<:AM�:=M6@1.1(?,6 #"QL'25ZrM6,/N=$n #"%$P.=�%$P&%().=&r.12?$�B�D>J '�.1L^D%: ���
�*��
 � � ���A� G\.1(g )"%$`2),6L'&%M6$^.1�%$Yc�45.1L'&F.1�%$5�> m4<:=2?$=R`T[2n:�G\0%(? )"%$�(m45M/.12?0%()$P(?$�Ma:t #,/.=��7W$`";:<*1$':=M62).
45.1�%2),6B%$�(?$�B  )"%$v():=�%B%.1L &%"%:=2)$�:A&%&%().<Xi,/L':A ),/.1� w�� �rTg{ � :=2E:=M/(?$<:=BiJ BQ.1�%$vD>J �l,/$�(?M/,6N�:=�%B
45.Acd79.1()NA$�(?2�� �>�p� ,/�  #"%$^.=�%$+cd4�.1L�&r.=�%$��> g4�:=2)$ �v:AM/.1�%@�7H,6 )"�:=��.1&Q ),/L�,/��:A #,6.1�
4�(),z #$5(),/.=��,/�v )"%$
45M/.12?0%()$g(?$�M/:A #,6.1�Kw 5l� �rT � � � Z � � Z �=�A� {+ZQ )";:A �@10%:=(#:=�> )$�$�2x )";:A x )"%$l&;:=,6(xB%,62? #(?,/D%0i #,/.=�'G\0%�%4+ #,6.1�%2
*A:=�%,62)" ,/�%2?,/B%$m #"%$34�.1(?$](?$�@1,6.1�SR�!$32)"%.�7  #"%:A V )"%$]2?.1M/0i #,/.=�v.=GU )"%$^�25 �C$��~0;:A ),/.1�%2o #.1@=$5 #"Q$�(
7H,z #"� #"Q$ 5m� �rT 45M/.12?0%()$l(?$�M/:A #,6.1�E4�:=�
Dr$lL':=&%&F$�B
.1�� )"%$l2).1M60Q #,6.1��.=G�:]*A:=(),/:A #,6.1�;:=M�&%(?.1D%M6$�LIq
:s2)0Q,6 _:AD%M6JvB%$5u;�Q$�B!G\0%�Q45 #,6.1�;:=M�w\7H"%,64_"C )0%()�%2n.10Q l ). DF$�:s2)$�45.1�%B8.1()B%$5(m4�.1�> #(?,/D%0i #,/.=�K ).I )"%$
G\(?$�$
$��%$5()@=JQ{^,/2PL�,/�Q,/L�,/��$5B!7H,6 )" ()$�2?&r$545 ` #.K*A:=(),/:A #,6.1�%23.=GV )"%$
B%,/(?$�4+ `4�.1(?()$�M/:A #,6.1��G\0%�%4+ #,6.1�%2
,6�%2),6B%$n )"%$^45.1()$^(?$�@1,6.1�SRof�"%$]G\.1(?LE:AM/,/2?L :=(?,/2),6�%@'G\(?.1L  #"%,62[(?.10Q #$3,/2V(#:A )"%$�(V4�.1L�&%M/$YX $5*1$5��G\.1(
:P2),6L'&QM/$g45M/.12?0%()$m()$5Ma:A ),/.1�EM/,/NA$g #"%$ 5l� �rT]R

���s.10%(W,/�>*1$52? #,6@>:A ),/.1�%297W$m:=&Q&%M/,6$�BE )"%$[ #"Q$�.1(hJ�.1�� )"%$g4<:AM/4�0QMa:A ),/.1�%2k.=G�&%";:A2)$lB%,/:=@1(#:AL'2[� �<� Z
��A� Z ���A�=� R�T[2�,6�^ #"%$�DQ0%M/Nn2?J-2? )$�L 79$xG\.10%�%BP )"%()$5$�B%, +r$�(?$��> � �J-&r$52�.=GF&%";:=2?$oBQ,a:=@1():=L�2}B%$5&r$5�%Bic
,6�%@3.=�' #"Q$o*A:=M60%$�2k.=GS )"%$V45.10%&%M6,/�%@n2? )()$5�%@= #"Q2W.=GS )"%$HO;0%,/B-cdO;0%,6BE:A�%BEL':A #(?,zX~cdO%0%,/B`,/�> )$�(#:A45 #,6.1�%25Z
:=�QBI )"%$mLE:A )(),|Xs&%(?.1&r$5(? ),/$�25R9f�"Q$n )(#:=�%2?,6 ),/.1�
DF$5 �79$�$��  #"%$mB%, +e$5()$��> o �J-&r$52V.=G�&%";:=2?$3BQ,a:=@1():=L�2
7W:=2[G\.10Q�%Bv #.EDr$3�%.= g.=�%M6J
 #(?,/@1@=$�()$5BvD>J ,/�> #$5()�;:=M�&;:=():=L�$5 #$5()2^wy,�R $=RV&;:=():=L'$+ #$5()2V )";:A [4_";:=(#:A4+c
 )$�(),6��$] )"%$PO;0%,6BicdO;0Q,/B�,6�~ )$�():=45 ),/.1�%2#{VD%0Q n:AM/2).sD>J�$YX- #$�(?�;:=MU&%:=(#:=L�$5 )$�(?2�wy,�R $=R3&;:=():=L'$+ #$5()2[ )";:A 
4_";:A(#:=4+ #$�(?,/�5$^ #"%$PL':A #(?,zX�:=�%B� )"%$`LE:A )(),|X-c�O;0%,6Bv,/�> )$�(#:A45 #,6.1�%2#{+R 1 ,/L�,/M/:=([:A2l,/�� #"Q$P4<:=2?$P.=G9 )"%$
D%0QM/N�O;0%,6BSZU.1�Q$E4<:A��&%().-B%0%45$�c[G\.1(]:I@1,6*=$���L':A )(),zXCBQ$��%2?,6 �J�cg )()$��QB%2],6�8 #"Q$E �J-&r$52^.=G�&%"%:=2)$
B%,/:=@1():=L D>J
*A:=(?J-,/�Q@� )"%$]&;:A(#:=L�$5 )$�(��9Z�,�R $=RzZ; #"%$n(#:t #,/.`.=G� #"%$n0%�%M6,/N=$m #.` #"Q$]M/,6N=$m,/�> )$�(#:A45 #,6.1�%25R



��� ����� ��� ��� ���
	

��� :AB%B%,6 ),/.1�eZ-79$l4�.10QM/B�2?"%.�7mZ% #";:A x2)0%4_"s #(?$��%BQ2o4�:=�
:=M62).^DF$g,/�QB%0%4�$5B
D~J'*A:=(?J-,/�Q@] #"%$l$YX- #$�(?�;:=M
&;:=(#:AL'$+ #$�(?2�Z;NA$�$�&Q,/�%@` #"%$m,6�~ )$�(?�;:=M�&;:=():=L�$5 #$5()2xuQXi$5BSR

�g0%$s ).8 #"Q$ 45.1L'&QM/$+Xi,z �J�.=Gg )"%$I2?J-2? )$�L 7W$ ";:<*1$ 0%2)$5B :C )"%$�(?L'.-BQJ-�;:=L�,/4s&F$�(h #0%(?D;:A ),/.1�
 #"%$5.1(?Jmce )"%$�5l� �rT ce,/�Q2? #$�:=B^.=GQ #"%$xL�.1(?$92?.1&%"%,62? #,64<:A )$�B 1 @ 5 �eT  #";:t U,/2�0%&] ).g�%.�7 ()$52? )(),/4+ #$5B
 #.� #"%$K4�:=2)$K.=G]:�D%0%M/N O;0%,6B�BQ0%$� #. ,6 )2�4�.1L�&%M6$+X�45.1�%45$�&Q �Rjf�"Q$K )"%$�.=()$5 ),/4�:=Mg()$52)0%Mz #2s79$�()$
4�.1L�&;:=(?$�Bm7H,6 #"]� @�� @82),6L^0%M/:A #,6.1�%2S:A�%Bn )"%$ 5m� �rT�7W:=2�G\.10%�%Bm #.H@1,z*1$UcrB%$�2?&%,6 )$k,z #2�2),6L'&QM/,/45,6 �J
cHwy:A kM/$<:A2? 9�-0%:=M/,z _:A ),6*1$<{�,/�QG\.=()L':A #,6.1�P.=G�"%.�7�:m*A:=(),/:A #,6.1�`.=Ge )"%$[2hJi2h #$5L�&;:A(#:=L�$5 )$�()2k,/�iO;0%$��Q4�$�2
 #"%$m&%";:A2)$nDr$5";:<*i,6.1(�R�f�"~0%25Z�2?J-2? )$�L':A #,64m )()$5�%B%2o4�.10%M6B
Dr$l79.1()NA$�Bv.=0Q H.1� :`�~0;:AM/,6 #:A #,z*1$gD%:=2),62�R

f�"%$]()$�L':=,6�%,/�%@�&;:=(h g.=G� )"%,/2V4_";:=&Q )$�(l,62[.1(?@>:=�%,6��$�B�:=2VG\.1M6M/.�7H2�qH:tG  #$�([:�B%$�2?4�(?,/&Q ),/.1��.AGU #"%$
&r.= )$��> #,/:=M/23 #";:A `4_"%:=(#:=4+ #$5(),/�5$s.10%(PL�.iBQ$�MW,6��2)$545 <R � R � ZU79$
&%()$52)$5�~ 'D%(?,/$5OQJ1Zb,/��2?$�45 �R � R � ZU #"%$
5m� �rT 7H"%,64_"�,/2H0%2?$�B�:=2V:`4�M/.=2)0%(?$n ).' #"Q$]� 5��K$��~0;:A ),/.1�%2V:=�%B 4�.1M6M/$545 H #"%$n$+Xi&%(?$�2?2),/.=�%2`w\G\(?$�$
$��%$5()@=J=Ze4_"%$5L',64<:=M�&F.= #$5�> #,a:AM}:A�%Bv&%(?$�2?2)0%(?$�{H )";:A [:=()$n�%$54�$�2?2#:=(hJ  ).E4�:=M/450%Ma:A )$m&%";:=2?$]B%,/:=@1(#:AL'25R
1 $�4+ #,/.=� � R � B%$�2?4�(),6Dr$52� #"%$v()$�2?0%M6 )2�qC4�.1L�&;:=(?,/2?.1� ,/2'LE:AB%$vDF$5 �79$�$5� 2?,/L^0%M/:A #,6.1� ()$�2?0%M6 )2s:=�%B
5m� �rT &Q()$�BQ,/45 ),/.1�Q2
:=�%B� #(?$��%B%2
,6�  #"%$�*A:=(),/:A #,6.1� .AG3 )"%$�&%";:=2?$KB%,a:=@=(#:=L�2E,6�%B%0%45$�B�D~J  #"%$
B%, +r$�(?$��> o2?J-2? )$�L &;:=():=L'$+ #$5()2H:=(?$nBQ,/2)450%2)2?$�BSR

�
	�� ���� �����}�����
f�"%$]2hJi2h #$5L 79$n";:<*1$n2? #0QB%,/$5Bv,/2o:P2?J-L�L'$+ #(?,/4mD%,/�%:=(?J ! @ � L',|Xi )0%()$m,6�
 )"%$�(?LE:AM�$��~0%,/M6,/D%(?,/0%L
7H,6 #" :`B%,/2?.1()B%$5()$5B &F.1().=0%23wy";:=(?Bic�2?&%"%$5()$�{�L':A #(?,zXs.AG�,6L'L�.1D%,6M/$[&%:=(? ),/4�M6$�2�(?$<:=M6,/��$5B
D~JI:PG\().=��$��
4�.1�Qu%@10%(#:t #,/.=��.=Gb&;:=(h #,64�M/$52V.AG� #"%$32#:=L�$]2?,/��$^:=2V )"%$]O;0%,6B�&;:=(h #,64�M/$52�RoT &%,645 #0Q()$].AG� #"%,62[L�.iB%$5M
,/2H2)"%.�7H�I,/�su;@%R�w � R � {+R

TVM/Me )"%$m,/�> #$5(#:=4+ #,/.=�%2�.=G� #"%$m2?J-2h #$�L 4�:=�IDr$l7H(),z ) )$��I:=23����� ��� w �"!$#[{ �
�&%('�)tw+*1{,� -./ .021

*4365
798 ':)* $YXQ&�� 7<; w=* 7 5�{ � *4>?5 @ w � R � {

T *A:=M60%$ � .=Gl,6�%B%$YXBA3.1(DC!B%$5�%.= )$�2' )"%$vL':A )(),zX�&;:=(h #,/45M/$52�Z97H"Q,/M/$ � :=�%B � B%$5�%.= #$I #"%$
 �79.
4�.1L�&r.=�%$��> #2[.=GU #"Q$3O;0%,6BSRHf�"%$^B%,/:=L�$5 #$5(E5�,/2V:=2)2?0%L�$�Bv ).�Dr$3$��~0;:=M�G\.1(V:=M/M�,6�~ )$�():=45 ),/.1�%2V:=�%B
; ,/2x )"%$m2)45()$�$5�%,/�Q@'M6$��%@= )"SR�f�"%$n4�.1�> #:=45 H*A:=M/0Q$�2 8 ':)g:=()$m&;:A(#:=L�$5 )$�(),6��$5B :A2HG\.=M/M/.�7H25q

8 ���F� � 8HGIG � 8 % % w � R � {

8HG %J� � 8KGIG 8 � G � 8 � %F�?L 8KGIG @ w � R � {
!$nB%$5u%�%$^:�()$�BQ0%4�$5Bv #$5L'&F$�():A #0%(?$l*i,/:M#FNO�P5 � 8KGIG wy,/�
 #"Q$nG\.1M6M/.�7H,/�Q@Q#JNl,/2HB%$5�%.= #$5B�D>JH#[{+R
��0Q(? #"Q$�(^2hJi2h #$5L *A:=(),/:=D%M6$�23:=()$E )"%$�&;:A(? #,/:=MbB%$��Q2),6 ),/$52�ZSR"'�Z�.=GH2)&F$�45,/$�24A)ZU #"Q$�4�.1�Q4�$��> )(#:A ),/.1��.AG



����� ����� �
	�� ��f�
����� � �������������@������	��
�

���������
���
���������
���

���������
���
���������
���

���������
���
���������
���

	�		�		�	
	�	

�

�

�


�


���������
���
���������
���

��������
���������
��� ���������

���
���������
�����������������������

��������������������

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

���
���������
�����������������������

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

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

��������������������
���������
���

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

!�!�!!�!�!!�!�!!�!�!
"�"�""�"�""�"�""�"�"

#�#�##�#�##�#�##�#�#
$�$�$$�$�$$�$�$$�$�$

%�%%�%%�%
%�%
&�&&�&&�&
&�&

'�'�''�'�''�'�''�'�'
(�(�((�(�((�(�((�(�(

)))
)
***
* +++,,,

---
--
...
..
/�//�//�/
/�/
0�00�00�0
0�0 111

1
222
2

3�3�34�4�45�56�6 777
77
888
88999

99
:::
::;�;;�;;�;<�<<�<<�<
=�=>�> ?�?�?@�@�@

A�AA�AA�A
A�A
BBB
BC�CC�CD�DD�DE�EE�EE�E

E�E
FFF
F

G�GG�GG�G
G�G
H�HH�HH�H
H�H

I�II�II�I
I�I
J�JJ�JJ�J
J�J
K�KK�KK�KL�LL�LL�L M�MM�MN�NN�N

O�OO�OO�OP�PP�PP�PQ�Q�QQ�Q�QR�RR�R
SSTT

U�U�UU�U�UU�U�UV�V�VV�V�VV�V�VWWXX Y�Y�YZ�Z�Z[�[[�[[�[\�\\�\\�\

]]]
]
^^^
^

___

`�``�``�`a�aa�aa�a

b�b�bc�c�c

ddd
d
eee
e

LE:A )(),|X�&;:A(? #,64�M6$
w : �~0%$��%4_"Q$�BE:F&;:=(h #,/45M/$<{

w : :A�%�%$<:AM/$�B :%&;:=(h #,/45M/$52_{
O;0%,6BI&%:=(? ),/4�M6$�2�.=G}4�.=L'&F.1�%$5�~ gfn:=�%B �

��,6@10%(?$ � Rhf1qU�I.iB%$5M;.=Ge:mDQ,/�;:=(hJ]O;0Q,/BP,/�Q2),/BQ$H:m&F.1(?.10%2�L':A #(?,zXrR}f�"Q$VL':A #(?,zX3&;:=(h #,64�M/$52b:=()$xuiXQ$5BEC
 )"%$PO;0%,/BC&;:=(h #,64�M/$52n:=()$�:=M6M/.�7W$5B� #.I$��~0%,/M6,/D%():A #$P,6�� #"%$�(),6@1,/B�L':A #(?,zX�2? #(?0%45 )0%()$ARETVM/M�&;:=(h #,64�M/$52
:=(?$l.=G� #"%$m2#:AL'$m2),6��$AR

2?&r$54�,/$52ifx.=G; )"%$WO;0Q,/BkjH�?R G � w+R G l R4%+{+Z= )"%$9O;0Q,/B^B%$5�%2),z �JQRnmO� R G l R4%b:=�%B^ )"%$WL':A #(?,zXnB%$5�%2),z �J
R �vwyB%$5�%2),z #,6$�2`7H,/M/MWDr$
@1,z*1$�� ,/� 0%�%,z #2P.=GO5E-' )"%().=0%@1"%.10i � )"%,/2P4_"%:=&Q #$5(_{YR ��� :AM/Mx4�:=M/450%Ma:A ),/.1�Q2
&%(?$�2?$��> #$5B�"%$�(?$=Z;0%�QM/$�2?2V.A #"%$5(?7H,/2?$m2? _:t #$�BeZ� )"%$m&r.A #$��> ),a:=M62�";:<*1$nDr$5$��  )()0%�Q4<:A )$�B :A *poS� � @ � 5UZ:=�QB ; 5 7W:=2
4_"%.12?$��� #. DF$ � @ � Cm )"%,/2E4�.1�%45$�(?�%2 DF.= )"  #"%$K2),6L^0%M/:A #,6.1�%2':=�%B� #"%$� )"%$�.=()$5 ),/4�:=M
4�:=M/450%Ma:A ),/.1�Q2�R

�s	rq  ���g� � �
� �I�ts4� �<� uP�l�U�����wvts3�U����� ����g���S�

xiy{z|y~} �����������������������

T�D%,6�;:=(hJgM/,6�~0%,/Bl,6�%2),6B%$b:�&r.1(?.10%2kw\.1�%$��d4�.1L�&F.1�%$��> _{�L':A )(),zX[4<:A�nDF$b4�.1�Q2),/BQ$�()$5B]:A2}:x*=$�(?Jm2?&r$54�,/:=M
 )"%()$5$���45.1L�&r.1�Q$��> gM6,/�~0%,/BeZF7H"%$5()$] )"%$^&;:A(? #,64�M6$�2o.=G� #"%$]LE:A )(),|X :=()$nuQXi$�BK,/� &%Ma:=45$^:=�QBK:=()$3�%.= 
: +r$�4+ #$5B�D~J  #"Q$�L'.=D%,/M6$ &;:A(? #,64�M6$�2�.=Gl #"%$vM/,/�~0%,6BSR �b">J-2),64<:=M[�-0%:=�> #,6 ),/$52�:=(?$�"%$��Q4�$�.1DQ #:=,/�Q$�B
D>Js �79.�2)0%454�$52)2),z*1$`:<*1$5(#:=@=$�2�qW.1�%$3:�*=$�():=@1$],62o #:=N=$5�v.�*1$5(V )"%$]B%$5@1()$5$�2V.=G�G\(?$�$�BQ.1L .=G� )"%$3O;0Q,/B
&;:A(? #,64�M6$�2Hw 7H"%$�(?$H )"%$�&F.12),z #,/.=�%2U.=G� #"Q$oL':A )(),zX3&;:A(? #,64�M6$�2�:=(?$�N=$5&Q 9uiXQ$5B�{�:=�%BP #"Q$�.= #"%$5(b:<*1$�():=@1$
,62E&F$�(?G\.=()L�$�B .�*1$5(s:=M6MV&F.12)2?,/D%M6$vB%$5@1()$5$�2s.=GlG\(?$�$5B%.1L .=Gl #"%$vLE:A )(),|X &;:=(? ),/45M/$�25R f�"%$�:A45 #0%:=M
4�:=M/450%Ma:A ),/.1�E.=GU2?0%4_"�:<*1$5(#:=@1$52o )0%()�Q2V.10i o ).'DF$l*1$5(?JIB%, >�450%M6 CQ #.�4�,6()4�0QL]*1$5�~ o #"Q$�2)$3&%().=D%M/$5L'25Z
�l,6*=$��I:=�%B 1  )$�M/Me";:<*1$3:=&%&%M6,/$�B� )"%$m()$5&%M/,64<:^L�$5 #"Q.iBCw\,/�> #(?.iB%0Q4�$�BI.1(?,/@1,6�;:=M/MzJP,/�8��f ;p� {W #.`M/,6�~0%,/B��
2h _:A )$]2?J-2h #$�L�2���f ��� Z�f �1� Z�f �p� q� )"%,/2VL'$+ #"%.-Bv$YXQ&QM/.1,z #2g:�LE:t #"%$5LE:A ),/4�:=M�,/2?.1L'.=()&%"%,62)L DF$5 �79$�$5�
:m&;:=(h #M6J^�-0Q$��%4_"%$5Bs2?J-2? )$�L�:=�%BE:nM6,/L�,6 #,6�%@[4�:=2)$V.=G�:n4�.1(?()$52)&F.1�%B%,6�%@3$5�~0%,/M6,/D%(?,/0%L 2?J-2? )$�LIZ- )";:A 



��� �"��� � 	 ��� � ��� � ���"� �
����� ����� ��� ��� � ����� �����
,/2b0%2)0%:=M/MzJPB%$��Q.= #$5B�:=2b #"%$o()$5&%M/,64<:A )$�B`2?J-2h #$�LIR 8$VD%(?,/$+O%JPB%$5L'.1�Q2? #():A #$H #"Q,/2� #(?,/4_N]G\.1(� )"%$V4�:=2)$
.=G�:PD%,6�;:=(?J�M/,/�~0%,6BSZQ0Q2),/�Q@':`4<:A�%.1�%,64<:=MS$5�%2)$5L^D%M6$3DF.= #"sG\.1(� )"%$mLE:A )(),|Xs:=�QBI )"%$mD%,/�;:A(?JsM6,/�~0%,/BeR
��.=(x:^@1,z*1$��sL':A )(),zX�45.1�Qu;@=0%(#:A ),/.1��w\ #"Q$g&r.=2),6 ),/.1�Q29.=G� )"%$�� �oL':A )(),zX�&%:=(? ),/4�M6$�2W:=()$VB%$��%.A #$�B
D>J	�
� ��� 	 '��A{+Zr:=�%B�:�@1,6*=$��v )$�L�&r$5(#:A )0%()$ # G w+� G � f � � !
# G {YZe:A�%Bv*1.=M/0%L�$��`Zr )"%$3G\(?$�$]$5�%$�(?@=J� ,62�@1,6*=$��ID>J

7 � G � w�� G�� � % � � � # G C 	 
�� { ��M/���]w 	 
� { � w � R � {�^w 	�
� {xDF$�,6�%@^ #"%$m0%2?0;:=M�4<:A�%.1�%,64<:=MS&%:=(? ),6 #,6.1�EG\0%�Q45 #,6.1�SZ;,�R $AR6Z
�^w 	 
� { � f� G�� � % �

��� - * 
�� � -! 
�" $+Xi&]� 7 � G w�# � G l # � % l # GIG l # G % l #�% %+{ � @ w � R � {
f�"%$$#Q'�)b:=()$b #"Q$W4�.=�Qu;@10%():A #,6.1�;:=M>&%:=(? )2�.=G% )"%$2!V:=L�,/M6 ).1�gG\0%�%4+ #,6.1�%2�BQ$�2)45(),6D%,/�%@o #"%$9,/�> #$5(#:=4+ #,6.1�%2
Dr$+ �7W$5$��CLE:A )(),|X
&;:=(h #,/45M/$52g:=�%Bv&;:=(? ),/45M/$�2o.=G� )"%$]M6,/�~0%,/BeRVf�"%$]&r.12?,6 ),/.1�%2o.=GU )"%$�� G wy(?$�2)&eR�� %+{O;0%,/B &;:=(h #,/45M/$52P.=Gl4�.=L'&F.1�%$5�~ f�wy()$52)&SR 4�.1L�&r.=�%$��> � {P:=()$
B%$5�%.= #$5B D>J&% 
�� �'�(% ')� w\()$52)&SR* 
�" � � * '+�A{+R�f�"%$IG\()$�$ $��%$5()@=J .=Gg )"%$v�~0%$5�%4_"%$5B�2hJ-2? #$5L Z-,� Zx7H"%$�(?$v #"Q$vL':A #(?,zX &;:A(? #,64�M6$�2
:=()$3B%,/2h #(),6D%0Q )$�B :=4�45.1()B%,6�%@' ).�:`4<:=�Q.1�%,/4�:=M�$��%2?$�L^DQM/$^:t [:` #$5L'&F$�():A #0%(?$ # �`w+� � � f � �"!$# �+{+Z�,/2
.1DQ _:A,/�%$5B
*-,/:�:<*=$�(#:A@1,/�%@�.�*1$5(H )"%$ 	�
 � Z;,�R $=RzZ

7 � G ,� � 7 � G ,� w�� � � � G�� � % � � � # G!� # �+{,� f� � � � �
� � -/. 
� $YXQ&10 7 � �!# ���tw 	 
� {+2FM/���^w 	 
� {

w � R 6 {
7H"%$�(?$3� � ,62
: �%.=()L':=M/,6��,/�Q@8Gy:=4+ #.1(5Rjf�"Q$8M6.1@>:=(?,6 #"QL ,6�� )"%$C:=DF.p*=$8$YXi&%()$52)2),6.1� L':=NA$�2s #"%$
4<:=M64�0%M/:A #,6.1�`.=GS #"Q$[:<*1$5(#:=@=$V*1$5(?J�B%, >'450%M6 �R�!V.�79$5*=$�(�ZQ0%2),6�%@3 )"%$V,6B%$��> ),6 �J`M/�ijH��M6,/L54)6�� � j 4 � � j
.1�%$m.1DQ #:=,/�%2

7 � G ,� � f� � M6,/L4)6�� ��  87 f� � �
�9� -/. 
 � $+Xi&:0 7 � �!# ���pw 	 
 � {;2<0=�^w 	 
 � {;2 4;> @ w � R ; {

f�"%$
D%(#:=4_NA$5 )$�B  #$�(?L ,6�� #"%$
:=DF.�*1$s$5�-0%:A #,6.1��,/2^BQ$��%.= )$�B D>J&��?A@�B>w  {]:=�QB�4<:=� $+Xi&%M6,/45,6 #MzJCDr$
7H(),6 ? #$5�IG\.1(�,6�> #$�@=$�(x*A:=M/0Q$�2H.=G  :=2o:=�I,6 )$�(#:t #$�B
,6�~ )$�@1():=M
� ?C@DB w  { � f� � � wD� G�� { 4 w�� % � { 4

��� -/. 
 � � - * 
 �GFEGEGE � - * 
 �4 � -  
 "GHEGEGE � -  
 "4 $+Xi&10 7 � �!# ���tw 	 
 � {;2JI
$+Xi&LK 7 � G

4MN(O G
0 # N� G w 	 
� � % 
��N { l # N� % w 	 
� � * 
�"N { 2QP I

$+Xi&LK 7 � G
4MN(O G
0R# NGIG w�% 
 �N { l # NG % wD% 
 �N � * 
 "N { l # N% % w * 
 "N {;2 P @ w � R � {



����� ����� �
	�� ��f�
������� ��������������������	 �
�
�dG;79$H:=2)2?0%L'$k #";:t � #"Q$x,/�> #$5(#:=4+ #,6.1�%2�DF$5 �79$�$5�P #"%$x&%:=(? ),/4�M6$�2�.=G; #"Q$x2?J-2? )$�L 4<:=�PDF$WB%$52)45(),/DF$�B

*-,a:'&;:=,/(o&F.= #$5�~ ),a:=M62�%('�)pZr )"%$�� w � R � {o,/2o #"%$]$��~0%,/M6,/D%(?,/0%L &%:=(? ),6 #,6.1� G\0Q�%45 ),/.1��.AGk:�2?J-2? )$�L 7H,z #"
 )"%$lG\.1M/M6.p7H,6�%@^45.1�Qu;@10Q(#:A ),/.1�;:AMe&;:=(h H.=G� )"%$ ![:=L�,/Mz #.1��G\0%�%4+ #,/.=�

# � M
������
	 ���� � 	 � � � 	 � ���

% ���tw 	 ' � 	 )�{ l
4MN(O G

M
��	 ����� � 	�������	���� ����� � 	�������	���� �

% N� G w 	 ' � % N�� )+{ l

4MN(O G
M
�
	 ����� � 	 ������	!�"� ��#�� � 	�������	!��$ �

% N� % w 	 ' � * N�� )+{ l
4MN(O G

4M
% O G

M
�������	 ���� � 	 � � � 	 � �&�

% N %GIG w�% N�� ' � % % � )5{ l

4MN(O G
4M

% O G
M
��	 ����� � 	�������	���� ��#�� � 	�������	���$ �

% N %G % w�% N�� ' � * % � )+{ l
4MN(O G

4M
% O G

M
�
�'���	 �(�' � 	 � � � 	 � "��

% N %% % w * N�� ' � * % � )+{

� # ���pw 	 
�� { l4MN(O G
0R# N� G w 	 
� � % 
��N { l # N� % w 	 
� � * 
�"N { l # NGIG w�% 
��N { l # NG % w�% 
��N � * 
�"N { l # N% % w * 
�"N {+2 @w � R � {

% N %) 4 B%$��Q.= #$52' #"Q$ &;:A,/(`,/�> #$5(#:=4+ #,6.1� DF$5 �79$�$5��:CO;0Q,/B &%:=(? ),/4�M6$s.=Gl45.1L'&F.1�%$5�> *�,6� ()$5&%M/,64<: �

7H,z #"C:I&%:=(? ),/4�M6$P.=G94�.1L�&r.=�%$��>  ,/�C()$5&%M/,64<:��bZ % N�� )^,/2g #"Q$'&F.12),z #,6.1��.=Gx&%:=(? ),/4�M6$^�~0%L^DF$�(<Cv.=G
O;0Q,/BE45.1L�&r.1�Q$��> fV,/�E(?$�&%M6,/4�: �9Z-$5 )4=RzZ%:=�QBE #"%$V2?J-2? )$�L�,/2k4_";:=(#:A45 #$5(),6��$�BsD>J� #"%$oG\.1M/M6.�7H,/�%@m&;:=,6(
&F.= #$5�> #,a:AM/2

% N� G w 	 ' � % N�� )+{ � % � G w 	 ' � % N�� )+{% N� % w 	 ' � * N�� )�{ � % � %Aw 	 ' � * N�� )5{% N %GIG wD% N�� ' � % % � )+{ � * N % % GIG wD% N�� ' � % % � )+{% N %G % w�% N�� ' � * % � )+{ � * N % % G %twD% N�� ' � * % � )5{% N %% % w * N�� ' � * % � )+{ � * N % % % %tw * N�� ' � * % � )+{ @ w � R f � {

w � R � {v(?$�&%(?$�2?$��> #2! )"%$ 4<:=�Q.1�%,/4�:=M^&;:A(? #,z #,6.1� G\0%�%4+ #,/.=� .=GE: G\0%M/MzJ $5�-0Q,/M/,6D%(#:t #$�B�w �  l fp{{�
45.1L'&F.1�%$5�> l2?J-2? )$�LIZ�4�.1�Q2),/2h #,6�%@�.=G� )"%$PLE:t #(),|X :=�%B�.=G  ,/B%$5�> #,/4�:=M�4�.1&%,6$�2`w\2). �d4<:=M6M/$5B�()$5&%M/,64<:=25Z
B%$5�%.= )$�B D~J� )"%$ �m(?$�$5N�,/�%B%$YX%{P.AGV )"%$
M/,/�~0%,6B�L',|X- #0%(?$�7H"%$�(?$I )"%$
,/�> #$5(#:=4+ #,/.=� .AGV )"%$
M/,/�~0%,6B
&;:A(? #,64�M6$�2["%:=2m:E*1$5(?J�2?&r$54�,a:AM�G\$<:A )0%()$Aqg&;:=,6()2g.AG9M6,/�~0%,6Bv&;:=(h #,64�M/$52g,/�> )$�(#:A45 l.1�QM6J ,6Gb #"%$+J�DF$�M6.1�%@
 ).` )"%$m2#:=L�$l()$5&%M/,64<:QR

���
 #"%$lG\.1M6M/.�7H,/�%@37W$n:=2?2)0%L�$�# �F� # G,+
#nZ%"%$5�%4�$

7 � ,� � f� � M/,6L4�6 � ��  � ?A@�B w  { � M6,/L4)6�� ��  � 7 � � ?A@DB w  { � @ w � R f fp{



��� �"��� � 	 ��� � ��� � ���"� �
����� ����� ��� ��� � ����� �����

f�"-0Q2H79$m";:<*1$l(?$�Ma:t #$�B� )"%$g #"Q$�()L�.-BQJ-�;:=L�,/4[&F.= )$��> #,/:=Me.=G� )"%$g&;:=(h #MzJE�~0%$5�%4_"%$�B 2?J-2? )$�L  ).^ #"%$
M/,/L�,6 ),/�%@s4�:=2)$s.AG� #"%$E )"%$�(?L'.-BQJ-�;:=L�,/4�&F.= #$5�~ ),a:=Mk.=Go: G\0QM/M6JK$5�~0%,/M6,/D%():A #$5B�2?J-2? )$�LIR 1  #(?0%45 )0%()$
G\0%�%45 ),/.1�Q2[:=�QB G\0%(h #"%$5(o )"%$�(?L'.-BQJ-�;:=L�,/4m&%(?.1&r$5(? ),/$�2H.=G� #"%$n&;:=(h #M6J��-0Q$��%4_"%$5B�2?J-2? )$�L 4<:=� �%.�7
Dr$l.1Di _:=,6�%$�B�G\(?.1L� )"%$l4�.1(?()$52)&F.1�%B%,6�%@P�~0;:=�> #,z #,/$52�.=G� #"%$gG\0QM/M6J�$5�-0Q,/M/,6D%(#:t #$�BE()$�&QM/,/4�:A #$5Bs2?J-2? )$�L
D~J
2?&r$54�,/:=MS&%(?$�2)45(),6&Q #,6.1�%2�Z;,6�>*1.1Mz*i,6�%@^ #"Q().10%@="%.10Q HM6,/L�,6 #2  � � qb:`4�.1L�&%M/$+ #$g2?$5 o.=G� #"%$52)$n()0%M6$�2
:=()$P45.1L'&Q,/M/$5B�,/��(?$5G Rb��f f �t� R �HR @%R] )"%$P4�.=()()$5Ma:A ),/.1� G\0%�%45 ),/.1�Q2l.=Gb #"%$P&;:A(? #MzJ��~0%$5�%4_"%$�B82?J-2? )$�L
:=()$m.1DQ #:=,/�Q$�Bs*-,a:

� '�)tw=*={ � M/,6L4�6 � � )����'�) w=* C  { @ w � Rhf � {
#o.= #$g )";:A H #"%$mM6,/L�,6 #,6�%@n4<:=2?$  � � 4<:A�%�%.= oDF$n,6�> #$�(?&%()$+ #$5B &%">J-2),64<:=M6M6JFqUu;(?2? #MzJ1Z�:P&%">J-2),64<:=M

,/�> #$5()&%(?$5 _:t #,/.=�v.=G� )"%$](?$�&%M6,/4<:t #$�B 2?J-2? )$�L :=2g:=�v$��~0%,/M6,/D%(?,/0%L L',|Xi )0%()$n.=GVw  l fp{�4�.1L�&r.=�%$��> #2
,/2l.1�%MzJ *A:=M6,/B�,zG  ,/2g:=�K,/�> #$5@1$�(5R^�;0%(? )"%$�(?L'.=()$=Z�:AM6 #"Q.10%@1"�,6�� #"%$PM6,/L�,6  � �  #"%$`()$5&%M/,64<:A )$�B
2?J-2? )$�L DF$�45.1L'$52P:=��$5�~0%,/M6,/D%(?,/0%L 2hJ-2? #$5L 4�.=�~ #:=,/�Q,/�%@ .1�%M6J� )"%$��~0%$5�%4_"%$�B &;:=(h #,64�M/$52�Z�79$�2h #,/M6M
";:<*1$x�%.=�~ )(),z*i,/:=M145.1()(?$�Ma:t #,/.=�mG\0Q�%45 ),/.1�%2�B%$52)4�(?,/D%,6�%@H #"%$k4�.1(?()$5Ma:A ),/.1�%2�DF$5 �79$�$5�`:o&;:A,/(�.=G;:A�%�%$<:AM/$�B
&;:=(? ),/45M/$�2�,6�^ #"%$H2):=L'$�(?$�&%M6,/4�:l:=�%B':m&%:=,/(U.AGe&;:A(? #,64�M6$�2�,/�PBQ, +r$�()$5�> 9(?$�&%M6,/4�:=2�R}���%2? )$<:=BSZ~.1�Q$oL]0%2? 
$��>*-,/2),6.1�K #"%$`()$5&%M/,64<:�L�$5 )"%.iBKL�$�(?$�M6Jv:=2n:sLE:t #"%$5LE:A ),/4�:=M� ).i.=M�7H"%,/4_"K #$5M/M62g0%2m"%.�7� ). (?$�Ma:t #$
 #"%$n #"%$5()L�.iBQJ-�;:AL',64l&r.= )$��> #,/:=M�.=GU:�&;:A(? #MzJ
�~0%$��%4_"Q$�B�2?J-2h #$�L  ).' #"%:A o.=Gb:PG\0%M/MzJ�$��~0%,6M/,6D%(#:A )$�B
2?J-2? )$�LIR

x|y z y�� �	� ��
� ��� ����� � �

����� % ��������� �	! %#" *%$ ��� "'&)( � %#" �+*��,� 	.- � $ �+/ "
f�"%$x2? )()0%4+ #0%(?$�.=G�:[DQ,/�;:=(hJmM/,6�-0Q,/B],6�%2),6B%$9:[&r.=().10%2}LE:t #(),|Xm4<:A�^Dr$9L'.=2? U(?$<:=BQ,/M6JmBQ$5 #$5()L�,/�%$5B]*-,a:
 #"%$��25 �E$5�~0;:A #,6.1�%2� )";:A �()$�M/:A #$k #"%$9O;0%,/B �dO;0%,6BSZ=L':A )(),zXn��O;0%,/BeZA:A�%BPLE:t #(),|Xn��L':A #(?,zXlBQ,/()$545 ��'�)tw+*1{
:=�%B  ).= _:AM � ':)=w+*1{x4�.=()()$5Ma:A ),/.1�sG\0%�Q45 #,6.1�%25Rxf�"%$�2?$](?$�Ma:t #,/.=�%2o:=()$mB%$5(),6*=$�BvG\(?.1L  )"%$32h _:=�QB;:=()B 5��
$��~0;:A ),/.1�%2�G\.1(x )"%$lG\0%M/MzJE$5�~0%,/M6,/D%():A #$5BCw �  l fp{{��4�.=L'&F.1�%$5�~ H2hJ-2? #$5L Z;$YXi&%M/.1,z #,6�%@^ #"%$m2hJiL�L�$5 #(hJ
.=Gr )"%$H()$5&%M/,64<:A )$�BP2?J-2h #$�Lj:=�QB` #:=N~,/�%@l )"%$�M/,6L',z  � � R 1 .n.=�%$xu;�;:=M6M6J]:=()(?,6*=$�2k:A � #"Q$HG\.=M/M/.�7H,6�%@
2)$5 V.=G},/�> #$5@1(#:AMh��$5�~0;:A #,6.1�%2W7H"Q$�()$10�(?$�&%(?$�2)$5�> #2g:`4�.=�~*=.1M/0i #,/.=�Sq

����� � �
��� l R �
�
���20 ����� w � Rhf � {
� � G � � � G l � � G 0 R � � ��� l43 G � GIG 0 � � G 7 3 G � G %20 � � G� GIG � � GIG l � � G 0 R � �65 � G l73 G � GIG 0 � GIG 7 3 G � G %80 � G %� G % � � G % l � � G 0 R � � 5 � G l73 G � G %80 � GIG l43 G � GIG 0 � G % 7 � 3 G � G %20 � G % �

7H"%$�(?$V #"Q$o2?0%&F$�()2?4�(?,/&Q kf B%$5�%.= )$�2b #"%$� #():=�%2?&r.12?$V.AGS:l*1$545 #.=(9:A�%B90 2h _:=�%BQ2kG\.1(b:l45.1�>*1.1M60Q #,6.1�SR
f�"%$nG\.=M/M/.�7H,6�%@^L':A #(?,zXn���%.A _:A ),/.1�'";:=2HDr$5$��I,/�> #(?.iBQ0%4�$5B���f ���t�



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

3 G � �� R G �
� R4%��� � � G � �� ��� G��� %	�� � � G � �� � � G� � %
�� w � R f � {

� GIG � �� � GIG � G %� G % � % %	�� � GIG � �� � GIG � G %� G % �"% %	�� � G %J� �� � G - � G �� G � � % � �� � G % � �� � G - � G �� G � �/% � �� �
7H"%$5()$ � G - w\()$�2?&SR�� % � {W,/2x #"Q$Ew  � � { �dM/,/L�,6 k.=G� #"Q$n45.1()(?$�M/:A #,6.1��G\0%�%4+ #,/.=�sDr$+ �7W$5$���&;:A(? #,64�M6$�2�.=G
2?&r$54�,/$52 f^wy(?$�2)&eR � {U.=GSB%, +e$5()$5�~ 9()$5&%M/,64<:=25RU�;0%(h #"%$5(�Z � G � ,/2b #"%$]w  � � { ��M6,/L�,6 �.=Ge )"%$V45.1()(?$�M/:A #,6.1�
G\0%�Q45 #,6.1��DF$5 �79$�$���0%�%M6,/NA$�&;:=(? ),/45M/$�2E.=GnB%, +r$�(?$��> 
()$5&%M/,64<:=25R �,z #"%,6�  #"%$�&Q()$�2?$��> 
G\(#:=L�$579.1(?N
7H"%,64_"vB%$52)45(),/DF$�2VO;0%,/BQ2V,6�v4�.=�~ #:=45 o7H,6 )"v&F.1().=0%2[L�$�B%,/:QZ% #"Q$�2)$3G\0%�%45 ),/.1�Q2[:=(?$34�:=M/M6$�B 8 DQM/.-4_N-,6�%@
&;:A(? #2,:;.=G� #"%$m4�.=()()$5Ma:A ),/.1�'G\0%�%45 ),/.1�Q2oBQ$��%.= )$�B D~J

��� GIG � � G - � �� G % � � G � � ���% % � � % � w � R f � {
:=�QB

�
o
GIG � � GIG 7 ��� GIG � �

o
G % � � G % 7 ��� G % � �

o% % � � % % 7 ��% % w � R f 6 {
:=(?$' )"%$�2).�4�:=M/M6$�B�45.1�%�%$545 )$�B &;:=(h #2^.=G� )"%$s4�.=()()$5Ma:A ),/.1�KG\0%�%4+ #,6.1�%2�RC�l,6*=$�� :=�QB 1  #$5M/M[� f �t� ,6���
 )().-B%0%4�$5BC )"%$P �7W.I4�.=()()$5Ma:A ),/.1��G\0Q�%45 ),/.1�%2 � o'�) :A�%B � �'�) D~J� )"%$�,6(lB%,a:A@1(#:=L�L':A #,643$YXQ&%:=�%2),6.1�SR`�d 
2?"%.10%M6B�Dr$[Dr.1(?�%$g,6�EL�,/�%BE )";:A �� )�� �G - � � )����G � � � )�� �% � � B%$52)45(),/DF$[ )"%$g4�.=()()$5Ma:A ),/.1�'Dr$+ �7W$5$��I&;:=(h #,/45M/$52W.=GB%, +e$5()$5�~ b(?$�&%M6,/4�:=2U7H"%,/4_"�B%.m�%.= k,6�~ )$�():=45 bB%,6()$545 #MzJ1R}f�"%$5J`.1�QM6J^,6�> #$�():=45 b,6�%B%,6()$�4+ #MzJ3 )"%().10Q@1"� )"%$
L�$�B%,/:A #,6.1��.=G� #"Q$l�-0Q$��%4_"%$5B�&;:=(h #,64�M/$52�R 1 .QZQ #"%$m45.1�%�%$545 #$5Bv&;:A(? #2H.=G� #"Q$n45.1()(?$�M/:A #,6.1�EG\0%�%4+ #,6.1�%2
B%$52)45(),/DF$�4�.=()()$5Ma:A ),/.1�Q2�DF$5 �79$�$��':g&;:=,6(U.=G�O;0%,6BP&;:=(h #,/45M/$52} #"%:A b:=(?$x #(#:A�%2)L�,6 ? #$�B3 #"%(?.10%@1"P2?0%4�45$�2~�
2?,6*1$HM/:�J=$�(?29.=GrO;0%,6B'&;:A(? #,64�M6$�2U7H"%$5()$<:A29 #"Q$oDQM/.-4_N-,6�%@m&;:=(h #2kB%$�2?4�(),6Dr$H45.1()(?$�Ma:t #,/.=�%2�Dr$+ �7W$5$���O;0Q,/B
&;:A(? #,64�M6$�2]DQM/.-4_N=$�B�.=(^2)$5&;:=(#:t #$�B�G\(?.1L $�:=4_" .= #"Q$�(^D>J�L':A )(),zXC&%:=(? ),/4�M6$�25R #V.= )$E #";:t <ZU #"Q.10%@1"
 )"%$mLE:A )(),|Xs&;:=(h #,64�M/$52H:=()$m,6L'L�.1D%,6M/$=Z~ #"Q$5Js #$5�%B  ).`.1()B%$5(o )"%$lO;0%,6B &;:A(? #,64�M6$�2�.1�I$�,z #"%$5(o2?,/B%$n.=G
 )"%$�L :=�QBv #"~0%2[:=()$n4<:=&%:=D%M/$n.=G�L'$5B%,a:A ),/�%@`45.1()(?$�Ma:t #,/.=�%2� #"%(?.10%@1"v:�M/:�J=$�(V.=GUL':A #(?,zX
&%:=(? ),/4�M6$�25R
Tx k*1$5(?J�M/.�7 L':A )(),zX^&r.=().12?,6 #,6$�25Z-,�R $AR1*1$5(?J�"%,/@="'B%$5�%2),z #,6$�2k.=Ge )"%$VL':A )(),zXrZ1 )"%$V*=.1M/0%L�$o:=4�45$�2?2),/DQM/$
 ).�O;0%,/B!&;:=(? ),/45M/$�2],/2^B%,z*-,/B%$5B�,/�> #.�2?LE:AM/Mk4<:<*-,6 #,6$�25RC���� )"%,/2^M6,/L�,6 m #"Q$EG\0%�%4+ #,/.=�%2 � o'�) B%$52)45(),/DF$
45.1()(?$�Ma:t #,/.=�%2[DF$5 �79$�$5�CO;0Q,/B�&;:=(h #,64�M/$52[,6�� #"%$P2):=L'$]4<:<*-,6 �J1ZS7H"Q$�()$�:=2 � �'�) B%$52)45(),/DF$^45.1()(?$�Ma:t #,/.=�%2
DF$5 �79$�$5� O;0%,6B &%:=(? ),/4�M6$�2x,6�
B%, +r$�(?$��> o4<:<*-,6 #,6$�25R

f�"%$`� 5��!$5�-0%:A #,6.1�%2Pw � Rhf � {HG\.=()L :E2)$+ l.=Gb�%,6�%$^,/�> )$�@1():=Mh�d$��~0;:A ),/.1�%25Z�$�,/@="~ [.=Gb #"%$5L DF$�,6�%@
45.10%&%M6$�BSR

�%" $ ��� % � � & � 	.- � $ �+/ " � ��/ * - % � % ����� $ ��/ " *
f�"%$C� 5�� $��~0;:A ),/.1�Q2I4�:=���%.�7 DF$C2?.1M6*=$�B�7H,6 )"�.=�%$K.=G3 )"%$K2? #:=�%B;:=(?B 45M/.12?0%()$�(?$�M/:A #,6.1�%2s.=G
M6,/�~0%,/BI2? #:A #$3 #"%$5.1(?J�� �t� Zr2)0%4_"C:=2V #"%$ �}$�(?4�0%2����k$+*i,64_N w � �m{V.1(V )"%$]">J-&F$�()�Q$5 ) )$�BC4_";:=,6� w(!&# @�{



��� �"��� � 	 ��� � ��� � ���"� �
����� � ��� ��� ��� � ����� �����
:=&%&%(?.�Xi,6LE:A ),/.1�eR!f�"%$IL'$+ #"%.-B 0%2)$5B "Q$�()$
,62`:C">J-D%(),6B .=GV )"%$
,6 )$�(#:t #,6*=$ ��,/4<:A()B 2)4_"%$5L'$ :=�%B
 #"%$�#V$+7� #.1� � �o:=&%"%2?.1�� )$�4_"%�Q,/�~0%$K7H"%,/4_"�7W:=2
B%$5*=$�M/.=&r$5B D>J �l,/M/M/:=� � f �=�t� R�f�"%$K�-0QL'$5(),/4�:=M
2).1M60Q #,6.1�s.=G� #"%$m�25 ��$5�-0%:A #,6.1�%2�,/2WD;:=2)$5B .=� :A�
:=M/@1.=(),6 )"%L ,/�> #(?.iBQ0%4�$5BsD~J.'�:AD%,/N�Z��v:AM/,��?$+*-2)N>J
:=�%B )b.1�QNA:�w('��9) :AM/@1.1(?,6 )"%L ��f �*6t� {+ZU:=��$+X- )$��%2?,/.1��.AGV�m,6M/Ma:A�E: 2g79.1(?NFZ}7H"%,/4_"�7W:=2^.1(?,/@1,6�;:=M6M6J
&%().1&F.12?$�B3G\.=(�2).1Mz*i,6�%@H�~0%L'$5(),64<:=M6M6Jo #"%$ 5��`$5�~0;:A #,6.1�%2�G\.1(�"%.1L�.1@1$5�%$�.=0%2�M/,/�~0%,6B%2bwy:=�%BnL',|Xi )0%()$52_{
:=�%Bv$YX- #$��QB%$�B�D>J9'�.1L^D%: ��f f �t�  #.` #"%$m4<:A2)$n.=G� )"%$n� 5��C$��~0;:t #,/.=�%2�R !$n";:<*1$n4<:AM/4�0QMa:A )$�Bs #"%$
4�.1(?()$�M/:A #,6.1�^G\0%�%4+ #,6.1�%2b.=GF #"%$H()$+G\$�(?$��%45$V2hJi2h #$5LjD>JP2?.1M6*-,6�%@l #"%$o� 5��s$��~0;:A ),/.1�%2k:=M6.1�%@g7H,z #"P #"%$
� � 45M/.12?0%()$AR

�����,/�� $ ��� ��� ��	 % � " 	 /
� �8��� * � ����� % /������	� $ �+/ "

f}.�45M/.12?$  )"%$�� 5�� $5�~0;:A #,6.1�%2`7W$v";:<*1$�4_"%.=2)$��  )"%$ 5l� �rT wy2)$5$v2?$�45 ),/.1� � R � R � {YR�T[&%&%MzJ-,/�%@
 #"%$ 5l���FT� #.s )"%$P()$5&%M/,64<:A )$�B�2?J-2h #$�L :A�%B� _:=N~,/�Q@� #"%$PM6,/L�,6 #,6�%@`4<:=2?$  � � .1�%$P.1DQ #:=,/�Q2[ #"%$
&%().1&F$�(h #,6$�2H.=G� #"%$m&;:=(h #MzJ��~0%$��Q4_"%$�B�2hJ-2? #$5L R

f�"%$n()$5&%M/,64<:A )$�BI2?J-2? )$�L ,/2H�%.�7�: w �  l fp{ �d4�.1L�&r.=�%$��> o2?J-2? )$�L 7H,6 )"�:P*1$5(?JI2)&F$�45,a:=M�2)$+ [.AG
,/�> #$5(#:A ).1L',64H&r.= )$��> #,/:=M/2(%('�)Aw=*={+R�� .12? W,/L�&r.=(? _:A�~ )M6J=Z>2),/�Q4�$V )"%$o&;:=(? ),/45M/$�2kDF$�M/.=�%@1,/�Q@n ).]B%, +e$5()$��> 
()$�&QM/,/4�:=2�B%.[�%.A �,6�~ )$�():=45 �Z=.1�%$9";:=2� G -��  G ��� �% ��� � R 8$W:A2)2)0QL'$k #";:A � #"Q$WL':A #(?,zXm&;:A(? #,64�M6$�2
:=()$m&%0%(?$m";:=()BI2)&Q"%$�(?$�2 C; )"%$��I #"%$n� �rT 4�M6.12)0Q()$m()$5Ma:A ),/.1�%2W()$<:AB

� ?A@�B��� w=* C  { � � ?A@DB?�� ��� w=* C  {
� ?A@�B'�) w=* C  { � � ?A@DB?�� '�) w=* C  { l � ?C@DBB�� '�) w+*�C  { G\.1(JA � C � � f � � � � f f � f � � � �� ?A@�B'�) w=* C  { � � ?A@DB?�� '�) w=* C  { G\.1(JA � C � f � � f � � �A� @

w � Rhf ; {

7H,6 #" � ?A@�BB�� ':) w+*�C  { � 7 �&% B�� '�)Aw=*={+Z�7H"%,/M6$n )"%$^4�.=()$]45.1�%B%,z #,6.1�%2o�%.�7 ()$<:AB � B�� '�)Aw=*={ � � G\.1(<*93P5 '�)pZ
A C � � f � � � � f f � f � � f � R 1 ,6�%4�$H #"Q$�()$o,/2b�%.n(),62)N^.AG�:=L^DQ,/@10%,z �J1Z=79$o4<:=�'2)0%&%&Q()$�2?2W,6�� )"%$oG\.=M/M/.�7H,6�%@ #"%$
:=(?@10%L�$��> #24*v:=�QBB�!.=G� #"%$'G\0%�%45 ),/.1�Q2 Cb #"%$s:A()@10%L�$��> )2P:=()$E.1D>*i,6.10%2]G\(?.1L  #"%$�G\.=M/M/.�7H,6�%@
�%.= _:t #,/.=�Sq!G\0%�%4+ #,6.1�%2
,/�?�n�d2)&;:A4�$K4<:=(?(?J�:� ),/M/BQ$=ZH7H"%,/M6$�:=M/M[.= #"%$5(�G\0%�%4+ #,/.=�%2I:=()$�,6�?* ��2?&;:=45$=R
�V2),6�%@] )"%$g2?J-L�L'$+ #(hJE&%(?.1&F$�(? ),/$52W.=G� )"%$[(?$�&%M6,/4<:t #$�BE2?J-2? )$�L� )"%$g$YXQ&Q()$�2?2),6.1��G\.1(9 )"%$g$YXQ45$�2?2HG\(?$�$
$��%$5()@=J8w � R � 6 {W,/�s #"Q$n(?$�&%M6,/4�:A #$5Bs2?J-2? )$�LIZ�w � ?A@�B {�� � 7 � � ?C@DB@�� w  { � � ,/2�@=,6*1$5� D>J

w � ?C@DB { � w  { � w � ?C@DB? { � w  { l
f
�

���  M' O G � %
R %'��� ?C@DBB�� ' ' w  { l �  M

�
�'���� � 	 � R"' R�) �� ?C@DBB�� '�) w  {! #"$&% O � 7 f
�

��  M' O G � %
R"' � ?A@DBB'� ' ' w  {  $

) O �
7 f
� w �)( { - �9� - �+*=M/��B%$+ 0�, 7.-/ ?A@DB w  { 2 7 M6��B%$5 0�, 70-/ ?C@DB? w  { 2�1 � w � Rhf � {

7H"%$�(?$I79$
";:<*1$
0%2)$5B  )"%$
LE:t #(),|X8�%.= _:t #,/.=� / ,/�> #(?.iBQ0%4�$5B ,6��2)0%DQ2)$�4+ <R � R � R � R�T[@1:=,/�SZ�45M/.12?$�(
,/�>*1$52? #,6@>:A ),/.1��.=Ge )"%$[2hJ-L'L�$5 )(?J`.=Gr #"%$H �7W.]LE:A )(),64�$�2k:=&Q&r$�:=(),6�%@m,/�' )"%$V:=Dr.�*=$V$5�-0%:A #,6.1��:=M6M/.�7H2



��� � ����� �
	�� ����
������� ��������������������	 �
�
 ).EB%$5(),6*=$] #"Q$3G\.1M6M/.�7H,/�%@�,/BQ$��> #,z �JI7H"Q,/4_"�4�:=��DF$P:=&%&%M6,/$5BI ).�Dr.A #"�45.1�> #(),6D%0Q ),/.1�%2o.=G� )"%$^:=DF.�*1$
,6�~ )$�@1():=M
M/��B%$+ 0 , 7 -/ ?A@DB w  {+2� w  7 fp{QM6�J�i��f 7 R G w �� ?A@�BGIG w  { 7 �� ?C@DBG - w  {?{ � � f 7 R4%}w �� ?C@DB% % w  { 7 �� ?A@�B% � w  {){ �

7 R G R4%}� �� ?C@DBG % w  { 7 �� ?A@DBG � w  { � % 1 lM6� � ��f 7 R � �� ?A@�B��� w  { � *V��f 7 R G �� ?A@DBGIG w  { 7 R G w  7 fp{ �� ?A@DBG - w  { � I� f 7 R4% �� ?C@DB% % w  { 7 R4%pw  7 fp{ �� ?C@DB% � w  { � 7 R G R4%U� �� ?A@DBG % w  { l w  7 f�{ �� ?C@DBG � w  { � % 1 7 R � R G � �� ?C@DB� G w  { � % ��f 7 R4% �� ?A@DB% % w  { 7 w  7 fp{ �� ?A@�B% � w  { � % 7
�  R � R G R4% �� ?C@DB� G w  { �� ?A@DB� % w  {�� �� ?C@DBG % w  { l w  7 fp{ �� ?C@DBG � w  { � 7 R � R4%U� �� ?C@DB� % w  { � % ��f 7 R G �� ?A@DBGIG w  { 7 w  7 fp{ �� ?A@�BG - w  { � %�� @ w � R f � {

f�"%$�G\(?$�$s$5�%$�(?@=J�.=GH #"Q$s�-0Q$��%4_"%$5B 2hJi2h #$5L Z ,� Zb,/2]�%.�7 .1Di _:=,6�%$�B�*-,a: ,� � M/,/L54�6����� 4 � ?A@�B w  {��f f � Z �>�p�
,� � � � �? 7�� � / � l � � / ? � lf

�
0 R % G �� B�� GIG l R %%)�� B�� % % l � R � R G �� B�� � G l � R � R4% �� B�� � % l � R G R4% �� B�� G % 2 % O � 7

f
�
��R G � B�� GIG l R4%
� B�� % % � ) O � w � R �A� {

7H"%$5()$l #"Q$mG\0Q�%45 ),/.1�;:AM � � / � ,/2�BQ$5u;�%$5B�:=2�G\.1M6M/.�7H2
� � / � � f

� w �)( { - � � - � � M/� *;w�f 7 R G �� o GIG {ew~f 7 R G �� o% % { 7 R G R4%�� �� o G % � % 1 7
f

��f 7 R G �� o GIG � ��f 7 R4% �� o% % � 7 R G R4%�� �� o G % � % I0 R G �� G - w~f 7 R4% �� o% % { l R4% ��/% � w�f 7 R G �� o GIG { l � R G R4% �� G � �� o G % l w � R � fp{
R �

f 7 R � ��
���	� R G �� %� G w~f 7 R4% �� o% % { l R4% �� %� % w~f 7 R G �� o GIG { l � R G R4% ��
� G ��
� % �� o G %�
 2 �
:=�QB � � / ? � ,62�.1DQ _:A,/�%$5B
G\(?.1L� )"%$n:=DF.p*=$m$+Xi&%()$52)2?,/.1� D~J
2?0%D%2h #,6 )0Q #,6�%@P #"%$ � '�)B: 2HD>J � ? � '�)B: 2�R

��,6�;:=M/MzJm.1�%$H4<:A��2?"%.�7 � �=�=�  )";:A �G\.1(U )"%$H:=DF.�*1$H$+Xi&%(?$�2)2?,/.1�'.=G� #"%$�G\(?$�$�$��Q$�()@AJ^ #"%$�G\.1M6M/.�7H,/�Q@
(?$�Ma:t #,/.=��"%.1M6B%2 �

* ,� �
* � B�� '�)� w=*={ � � 7 *�'�)

�
R"' R�)U��� ? � '�)pw+*1{ l � B�� '�)Aw=*={ � w � R � � {

7H"%,64_"�L'$�:=�%2] )";:A ^ )"%$�L�,/�%,6L',6�<:A ),/.1��.AG� #"%$�G\0%�Q45 #,6.1�;:=M ,� � � / B � 7H,z #"�(?$�2?&r$545 ` #.v*A:=(?,a:A ),/.1�Q2.=G9 #"%$ � B'� '�)tw=*={m,6�%2),6B%$P #"%$�4�.1(?$E(?$�@1,6.1�8,62m$��~0%,6*A:=M6$��> n #.  )"%$�";:=()B84�.1(?$E45.1�%B%,z #,/.=�SREf�"%,62nGy:A45 ,62l,/�K&;:=(h #,/450%Ma:A(l0%2)$+G\0%M�G\.1(g #"%$ � �
� �"��� ���*� 2).=M/0Q ),/.1��.=G9 #"%$ 5l� �rT]q�:AM6 #"Q.10%@1"SZ�.=G94�.=0%()2?$=Z} )"%$



��� �"��� � 	 ��� � ��� � ���"� �
����� � ��� ��� ��� � ����� ��� �

�-0QL'$5(),/4�:=M;2).=M/0Q ),/.1�%2�.AGe,6�~ )$�@1():=Mh�d$��~0;:A ),/.1�Q2�:=�%B�.=Ge )"%$HL',6�%,/L�,/��:A #,6.1�n.=Gr )"%$HG\0%�%45 ),/.1�%:=M%2)"Q.10%M/B
M/$<:ABE #.n #"%$V2#:=L�$[(?$�2)0QM6 #2k7W$VG\.10%�%BE )";:A ��PG\().=L  )"%$[�~0%L�$�(?,/4�:=M�&r.1,6�> W.=Ge*i,6$57���,/�E2?.1L�$[4<:A2)$�2
,6 H4<:A� DF$mL'.1(?$g4�.=�~*=$��%,6$��> [ ).`2).1Mz*1$l #"%$mL�,/�%,6L',6�<:A ),/.1��&%(?.1D%M/$5L R

x|y z y z � ��� � ���~���w�����.� �w�~� 

��.=(} #"Q$W�~0%L�$�(),64<:=M-2).=M/0Q ),/.1�3.=G; #"%$25l���FT 7W$W";:<*1$xB%,62)45()$5 ),/�5$�B^ #"Q$x4�.1(?()$5Ma:A ),/.1�mG\0%�%4+ #,/.=�%2�DF.= #"
,/� * �V:A�%B ����2)&%:=4�$AZ�0Q2),/�Q@I �J-&%,64<:=M6M6J f � �A� @1(?,/B��d&r.1,6�> #2g:A�%B!:
L�$�2)" ��2),6��$P.=G�� * � � @ � f 5UR`�;.1(:�@1,6*=$���2hJi2h #$5L ZS79$]u;(?2? l4�:=M/450%Ma:A )$n )"%$^45.1()(?$�Ma:t #,/.=� G\0%�%4+ #,6.1�%2 � ?�� '�)3:A�%B � ? � '�)l.=G� )"%$^()$+G\$�(?$��%45$2?J-2? )$�L D>J�2).=M6*-,/�%@� )"%$`� 5���$��~0;:A ),/.1�%2�w � Rhf � {[:=M6.1�%@E7H,z #"� #"Q$ �}$�(?4�0%2����k$+*i,64_N w � �n{[45M/.12?0%()$
� �=� 0%2?,/�%@
 #"Q$ '��9) � :=M6@1.1(),z #"%L � f �*6t� :=B;:A&Q #$5BC ).  #"Q$'&%(?$�2?$��> ^&%(?.1D%M6$�L ��f f �A� REf�"Q$E,6 )$�():A #,z*1$
:=M/@1.=(),6 )"%L ,62'45.1�%2),6B%$�(?$�B  ).!DF$v4�.=�~*=$�(?@1$�B�,6G[ #"%$ B%, +r$�(?$��%45$��	��'�)IDF$5 �79$�$5�� �7W.�2?0%4�45$�2?2),6*=$
*=:AM/0%$52o.AG} )"%$lG\0%�%45 ),/.1�Q2
��'�) � w�� '�) 7 ��'�)+{ *^2#:A ),/2hu;$�2

M '�) M � ������'�)Aw=* � { � % � * 3 f ���� @ w � R �=� {
��� $5�FR�w � R �=� {k )"%$lu;()2h H2)0%L�LE:t #,/.=�s,/2xB%.=�%$m.p*=$�(o:=M6Me&;:=,6()2�.=G�,6�%B%,/45$�2x7H"%,6M/$[ )"%$m2)$54�.1�%BI2)0QL ,/2
 _:=NA$��v.�*=$�(V:=M/Mr@1(),6BI&F.1,6�~ )2�.=G� #"%$�* ��L�$�2)"eR

f�"%$5�v79$]2).=M6*1$n #"%$ 5l���FT D>JIL',6�%,/L�,/�5,/�%@ � w � R � fp{x0%2?,/�%@� #"%$32? )$�$�&F$�2h ��dB%$�2?4�$��> nL�$5 #"Q.iB
 #.K.1DQ #:=,/�� )"%$s4�.1(?()$5Ma:A ),/.1�!G\0Q�%45 ),/.1�%2 � B�� ':)E:=�%B � B�� '�)pR!f�"%$I:=Bi*=:A�~ #:=@1$s.=GH )"%,/2PL�,/�%,6L',6�<:A ),/.1�:=M/@1.=(),6 )"%L M/,6$�2],6�� #"%$'Gy:=45 P )";:A `:=��$YXi&%M/,64�,6 ]4<:=M64�0%M/:A #,6.1�!.AGo )"%$EG\0%�Q45 #,6.1�;:=M9,/2^�Q.= P()$5�~0%,/(?$�BEC
7W$
.1�%MzJ��%$5$�B ,6 )2PB%$�(?,6*A:A ),6*1$52�Zb,�R $=RK #"Q$ � B�� ':) : 2�Zb7H"%,64_" 79$
$<:=2?,/MzJ!.1Di _:=,6��G\().1L  #"%$s2?. ��4�:=M/M6$�B
()$�2?,/B%0%:=Mm� 5�� ��$5�-0%:A #,6.1�%2K� �=�=� R 1  #:=(? ),/�%@!G\(?.1L :A��,6�%,6 ),a:=Mo@10%$52)2sG\.1(E )"%$KB%,/(?$�4+ 
4�.1(?()$�M/:A #,6.1�
G\0%�%45 ),/.1�Q2[,/�Q2),/BQ$m )"%$n4�.1(?$]()$5@1,/.=��w G\.1(V,6�%2? #:=�%45$=Z; #"%$32),6L'&%M6$n���FT $YXQ&Q()$�2?2),6.1��.1(H #"%$n2).=M/0Q ),/.1�
:A x2?.1L'$[M/.�7W$5(WB%$5�%2),z �JQ{k7W$l45()$�:A #$[7H,z #"E )"%$�2?$l@1(#:AB%,/$5�~ )2x:]2?$��~0%$5�%4�$m.=G��%$+7mZ%,/L�&%(?.p*=$�B�BQ,/()$545 
4�.1(?()$�M/:A #,6.1� G\0%�%4+ #,6.1�%2s0%�> #,6M[79$C.=DQ _:=,6��:�L',6�%,/L^0QL ,6�  #"%$�G\0Q�%45 ),/.1�;:AM[7H,6 )"%,/��:�2)0�>'45,/$5�~ 
:=4�450%(#:=4+J1Rmf�"%$^2h #$5&�2),/�5$^,/�  #"%,62[2)$�:=()4_"�,62V )(),/@=@1$�(?$�B�D>Jv:�&;:=(#:AL'$+ #$�(��E7H"Q,/4_"�L�$<:=2?0%()$52[ #"%$
B%$�@1(?$�$P.=G�*-,6.1Ma:A ),/.1�I.=G� )"%$^4�.=()$^45.1�%B%,z #,/.=�vD>J  )"%$^(?$�2)0QM6 #,6�%@�&F$�(h #0%(?D;:A #,6.1��&;:A(? #2V.=G� #"Q$] #.= #:=M
4�.1(?()$�M/:A #,6.1��G\0%�%4+ #,6.1�%2�Z�# B�� ':)Aw+*1{ � * � B�� '�)tw+*1{

� � -/ 0 �� M) O G � %
M% � )������ � �

� # B�� �+)tw=* % {�� % l M' � ) O G � % � '�� ) M% � )������ � � � # B�� '�)tw=*
% {�� %  $ � *�� � 

G"! % @ w � R �A� {

��.=(]$<:A4_" 2hJ-2? #$5L  #"Q$s� 5�� ";:<*1$sDF$�$�� 2?.1M6*=$�B :=M6.1�%@v,62).= )"%$�(?L'2]2)$�&%:=(#:A )$�B D>J#�Q# � � @ �1� �w � R �1�1� f[�%$<:=(W4�(),z #,64<:=M�()$5@1,/.=�%2_{k7H,z #"s:^@=(),/B'2),6��$l,/�EB%$��%2?,6 �J'.=G � R �1�>� :=�QB � R � f �1� ,6��4�.=�%4�$5�~ )(#: �
 #,/.=�SR



��� � ����� �
	�� ����
������� ��������������������	 �
�
xiy{z|y�� � � � � ��� ����� � ���~�	� �
� �k� ��� ����


����.=()B%$5(3 #.v4<:=M64�0%M/:A #$�&%";:=2?$E$5�-0Q,/M/,6D%(),/:
79$�";:<*=$E #.�$5�~0;:A #$' #"%$'&%()$52)2)0Q()$
:=�%B8 #"%$'4_"%$�L�,/4�:=M
&F.= #$5�> #,a:AM/2 Ci,/�s #"Q$mG\.=M/M/.�7H,6�%@]79$n&Q()$�2?$��> g$YXi&%()$52)2),6.1�%2HG\.1(x #"Q$�2)$n�~0;:=�> #,z #,6$�2�R

f�"%$�4_"%$�L�,/4�:=Mb&r.A #$��> ),a:=M62�� ' � ����' l � @��?�� ' l � B�� '9:=()$`4�:=M/450%Ma:A )$�B8:=2lG\.1M/M6.�7H2Ew 8 $YX=:�BQ$��%.= )$�2 )"%$^$+Xi45$�2)2n&;:=(h g.�*1$5(g #"%$P,6B%$<:AM}&;:A(? <Z 8 ,6BE: {Yqo )"%$^(?$5G\$�(?$��%45$`&;:=(? )2l:=(?$^.1DQ #:=,/�%$5Bv*-,a:��~0%L�$�(?,/4<:AM
,6�~ )$�@1():A #,6.1�s.=G� #"%$m45.1L'&Q()$�2?2),6D%,/M6,6 �J�$��~0;:A ),/.1�eZ;,�R $=RzZ��� ����@��?�� G� Rnm �� � � � � � � 7 j}� �� o?�� GIG � % O � 7 w�f 7 jr{�� �� o?�� G % � % O �� � ��� @��?�� %� Rnm  � � � � � � � 7 w~f 7 jr{5� �� o? � % % � % O � 7 j}� �� o?�� G % � % O � w � R �=� {

0%2?,/�%@ :=2
:A��,6�> #$�@=(#:A ),/.1��45.1�%2? #:=�> :A KRnm � �  )"%$�@x:=()�%:=";:=��� 1  _:A()M/,6�%@�$YXQ&Q()$�2?2),6.1� G\.1(� )"%$
$YXQ45$�2?2[4_"%$5L',64<:=MS&F.= )$��> #,/:=MS.=G�:P.1�%$��d4�.1L�&F.1�%$��> H2hJi2h #$5L .AG�";:A()B
2)&%"Q$�()$52g:A H&%:=4_N~,/�%@PG\(#:A45 #,6.1�
� � w ( �*6 { R � 5E-]��f f �t�

��� @��? � ' w=Rnm � � { � � � 7 � � % l � � -
w~f 7 � { - A � f � � @ w � R � 6 {

�;0%(h #"%$5(�ZU #"Q$s,/B%$�:=M9&%:=(? )2P.=G� #"%$s4_"Q$�L�,/4<:AMW&F.= #$5�~ ),a:=M62^:=(?$�@1,z*1$���D>J ��� ��' � M/�JR"'mw=A � f � � {:=�QB�G\.1(V )"%$^&F$�(? )0%()D%:A #,6.1��&;:=(h #2g.AGk )"%$�� ' : 2[.1�%$^,62l:=D%M6$3 #.EB%$�(?,6*1$P45M/.12?$�B�$YXQ&Q()$�2?2),6.1�%2m,/�v )"%$
*=$�()2?,/.1��.AGk )"%$ 5l���FT 0%2?$�BC,/�v )"%,/2g45.1�> #(?,/D%0Q ),/.1��w\7H"%,64_"C,62g$��~0%,z*A:=M/$5�~ [ #.� #"Q$`� 1 Tg{V7H,6 #"Q,/�
 )"%$m$��%$5()@=Js(?.10Q )$E� � f �

��� B�� G � ��� G 7 ��� ? � G � 7 ��Rnmpj �� B�� GIG l R � �� B'� � G l Rnm-w~f 7 jr{ �� B�� G % � % O � l f
�
� � B�� GIG � ) O � ���� B�� % � ���E% 7 ��� ? � % � 7 ��Rnm-w~f 7 jr{ �� B'� % % l R � �� B�� � % l Rnmpj �� B�� G % � % O � l f

�
� � B�� % % � ) O � @ w � R �*; {

f�"%$
&%()$52)2?0%()$AZ�� � � �� l ��@��? l � B Z9,62P4<:=M64�0%M/:A #$5B :=2^G\.1M6M/.�7H2�q� #"%$
,/BQ$<:=Mx45.1�> #(?,/D%0Q ),/.1��,62������ � Rnm4CQ #"Q$l()$5G\$5()$5�%4�$m&;:=(h x #.P )"%$l&%()$52)2?0%()$m,/2W.1DQ _:A,/�%$5B�*i,/:^�~0%L'$5(),64<:=MS,6�> #$�@=(#:A ),/.1��.AG� )"%$
45.1L'&Q()$�2?2),6D%,/M6,6 �J�()$5Ma:A ),/.1�� � ��� @��?� Rnm  � � � � � � � 7 Rnm * j % � �� o?�� GIG � % O � l � j}w�f 7 jr{5� �� o? � G % � % O � l w~f 7 jr{ % � �� o?�� % % � % O � 1 C w � R � � {

#o.= #$k #";:A } #"%$W,/�> #$5@1(#:A ),/.1�34�.1�Q2? _:A�~ )2b:=()$9,/(?()$�M6$5*A:=�> U,zG;.1�%$97x:=�> )2� #.gBQ$5 #$5()L�,/�%$9.1�%MzJn )"%$x&%"%:=2)$
B%,/:=@1():=L R

��,6�;:=M/MzJ1Z� #"Q$ &F$�(h #0%(?D;:A #,6.1� &;:=(h E.=GV #"%$I&%(?$�2)2?0%()$ ,/2�4<:=M64�0%M/:A #$5B�G\().1L  )"%$��l,/DQD%2~���g0%"%$�L
(?$�Ma:t #,/.=�

��� B � ,� N 7 ,� N ? l � M' O G � %
R"'�� B�� ' � w � R �A� {



� ���"� � ��� ����	

7H"%$�(?$n )"%$mB%, +r$�(?$��%45$3.=G� #"Q$mG\(?$�$m$��Q$�()@=,/$�2H,62x _:=NA$��
G\().1L w � R �=� {+R
��";:=2?$WB%,/:=@1():=L'2�79$�(?$xB%$5 )$�(?L',6�%$�B]G\(?.1L �~0%L�$�(),64<:=M~2?.1M/0Q ),/.1�n.=G% )"%$W$5�~0%,/M6,/D%(?,/0%L 45.1�%B%,z #,6.1�%2

�b�~25R[w � Rhf fp{ � w � R f � {�:=29$YXi&%Ma:=,6�%$�B�,/��2)$545 ),/.1� � R f=R � C~ #"Q$�2)$V4�.10Q&%M/$5BE�%.1� ��M/,6�%$<:A(�$��~0;:A ),/.1�%2b79$�()$
2).1Mz*1$�BI*-,a:P: #V$57� ).1�����V:=&Q"%2).1�I&%(?.i45$�B%0%(?$=R

TV2U7W$H:=&Q&%().>:A4_"` )"%$�4�(?,6 ),/4<:AMi.1(} #(),64�(?,6 #,64<:=M~&F.1,/�> )2� #"%$H:ADr.�*1$�2hJ-2? #$5L'2b.=GF$5�-0%:A #,6.1�%2�DF$�4�.=L'$
,/M/M ��45.1�%B%,z #,/.=�%$�BSR ��� :AM/MH #"%$�&%"%:=2)$�B%,/:=@1():=L'2'&%()$52)$5�~ )$�B ,/�  #"Q$�G\.1M/M6.p7H,6�%@C2)$�4+ #,6.1��7W$K";:<*1$
&%M/.= ? #$5B! #"%$E4�.-$+Xi,/2h #$��Q4�$�450%(?*=$�2�:=23Gy:A(^:=23()$�M6,a:=DQM/$`�~0%L'$5(),64<:=Mk2).1M60Q #,6.1�%2m7W$5()$
:<*A:=,/M/:=D%M6$=Z� #"%$
.1&r$5� 2?$�@1L�$��> )2V(?$�&%(?$�2)$5�> #,/�Q@� )"%.12)$n()$5@1,/.=�%2x7H"%$�(?$3�Q.��~0%L�$�(?,/4�:=MS2).=M/0Q ),/.1�s45.10%M/B
DF$lG\.10%�%BSR

�;.1(o #"%$PB%$+ #$5()L�,/�;:A ),/.1�v.=Gb #"%$P45(),6 ),/4�:=M� )$�L�&r$5(#:A )0%()$^:=�%BKB%$��Q2),6 �J=Z�# oo:=�QB R�o_ZS )"%$^(?$�2)0QM6 #2
7W$5()$P$+X- )(#:=&F.1Ma:t #$�B 0%�%B%$5([ #"Q$P:=2)2?0%L�&Q #,6.1�  )";:A [ )"%$]45.i$YXi,/2? )$��%45$P4�0%(h*1$P4�:=��DF$]B%$52)4�(?,/DF$�B�D>J
:�2?4<:=M6,/�%@^ �J-&F$3M/:�7 :=�%Bs )"%$mMa:<7 .AGU()$545 ),/M/,6�%$<:A(WB%,/:=L'$+ #$5()2�ZQ,�R $=R

R � 7 R�� ��� w # 7 # oh{ % w=R � l R��5{ � � � R�o l � w+# 7 # oh{ w � R �1� {
�b�~25R�w � R �1� {379$�(?$ u% ? #$�B  #.K #"%$I4�.-$+Xi,62? #$5�%4�$I4�0Q(?*1$52�D>J� _:=N~,6�%@ � Z � Zx:=�%B � :=2�:=B)�?0Q2? _:AD%M/$
&;:=(#:AL'$+ #$�(?2�R �g0%$  ).8 )"%$ 79$�M6Mh��N~�%.�7H� Gy:A45 � #";:A � #"Q$ 5l���FT w\Dr$5,/�%@!:84�.=�~*=$��> #,6.1�;:=MVM/,6�-0Q,/B
2? _:t #$P #"%$5.1(?JQ{VGy:=,6M/2o #.
B%$�2?4�(?,/DF$P4�.1(?()$�4+ #MzJv #"Q$�45(),z #,/4�:=M�()$�@=,/.1� � ;t� ZS #"%$^*A:=M60%$�2l.=G(� wy@1$5�%$�():=M/MzJ
Dr$+ �7W$5$�� f A � .=(�f A � B%$�&F$��QB%,/�%@v.1��L':A #(?,zXKB%$5�%2),z �JQ{3.1DQ #:=,/�%$5B!D>JC #"%$'4�0%(h*1$�u% ? #,/�Q@v2)"Q.10%M/B
�%.= oDr$m45.1�%2),6B%$�(?$�B :=2H()$5M/,a:AD%M/$V$�2? ),/L':A #$52�.=G�:P45(),6 ),/4�:=Me$YXQ&F.1�%$5�> <R

���	� 
 ��������,�

x|y���y~} � � � � � ��� 
 � ��� ��� � 
 � � ���~�8� � � � 


f�"%$s4�.1L�&%0Q )$�(^2?,/L^0QMa:A ),/.1�%25Z�4�:=()(?,/$�B�.=0Q ^G\.1(nG\.10%(^B%, +e$5()$5�~ ^LE:A )(),|X!BQ$��%2?,6 #,6$�2QR � � � Z � R �>� Z
� R f � :=�QB � R � :t � � � @ ; Z L � f=Z ; 5 � � @ � Z *po � � @ � 5UZ�";:<*1$EDF$�$5�!45.1L'&%:=()$5B87H,6 )" 5l� �rT()$�2?0%M6 )2�w G\.1(� )$�4_"%�Q,/4<:AMVB%$+ _:=,6M/2�.=Gg )"%$�� @�� @ 2),6L^0%M/:A #,6.1�%2^79$�()$+G\$�(' ).���f �A� :=�%B ()$5G\$5()$5�%4�$52
�-0Q.= #$5Bv #"%$5()$5,/��{YRof�"Q$P� @ (?$�2)0QM6 #2V:=(?$]2)"Q.p7H�v,/� u%@%R}w � R � {xD>JI )"%$]2hJ-L^Dr.=M/2�R����  #"%$n(#:=�Q@1$3.AG
 #$�L�&F$�(#:t #0%(?$�2 #�� � R ; � � R � .1�%$^.=D%2)$5(?*1$52�Z�G\.1(OR � � � Z�:�u;()2h m.1()B%$5( ) � �v�  )(#:=�%2?,6 ),/.1�I7H,6 #"
4�(),z #,64<:=M� #$5L'&F$�():A #0Q()$D# o�� � @ ; � 7 � @ ;=� :=�QB�4�(?,6 #,64<:=M�B%$5�%2),z �J R�o�� � @ �>� :A�%B�:EM6,/�%$n.=Gb2)$54�.1�QB.1()B%$5(xB%$5L',|XQ,6�%@3 )(#:=�Q2),6 ),/.1�Q2k )$�()L�,/�%:A #,6�%@]:t �:3 )(),/45(),z #,/4�:=M;&F.1,/�> W7H,z #"E )$�L�&r$5(#:A )0%()$ #�� o�� � @ ;=� Z2)M/,6@1"> #MzJ!"%,6@1"%$5(] #";:A�  )"%$s4�(?,6 ),/4<:AM9 #$5L'&F$�():A #0Q()$=Zk:=�QB BQ$��%2?,6 �J R�� o�� � @ �7; R8f�"%,/2PBQ,a:=@1():=L ,/2
.=Gb �Ji&F$^�?�_R �"%$5�� #"%$PL':A #(?,zXIB%$5�%2),z �Jv,6�%4�(?$<:=2?$�25ZS #"%$] )$�L�&r$5(#:A )0%()$3(#:=�Q@1$=Ze7H,z #"%,6� 7H"%,64_"� #"%$
$��~0%,/L�.1M/:=(�M/,6�-0Q,/Bm$+Xi,/2h #25Z=B%$54�()$�:=2)$52�:=�%Bn #"%$9&%";:=2?$9BQ,a:=@1():=L $+*1.1Mz*1$�2� #.�7W:=()B%2�:H �J-&F$W�SBQ,a:=@1():=LIR
Tx <R � � � @ �  #"%$m&%"%:=2)$mB%,/:=@1(#:AL�,6�
 )"%$l #$5L'&F$�():A #0%(?$l(#:=�Q@1$ � @ �1� 7 � @ ��� ()$5*=$<:=M62� #";:A 3w 7H,6 )"%,/�



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

0.62

0.66

0.70

0.74

0.78

#

0.58

0.62

0.66

0.74

0.70#

0.54

0.58

0.62

0.66

#

0.46

0.50

0.54

0.58

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

#

Rnm
��,6@10%(?$ � R � q )k:A(),a:t #,/.=� 7H,6 )" L':A #(?,zX B%$��%2?,6 �J R �I.=G] )"%$C&%";:=2?$8B%,/:=@1():=L .AGP: D%,/�;:A(?J O;0Q,/B
L�,zX- #0Q()$E,6��4�.1�> #:=45 P7H,z #" :�&r.=().10%2]LE:A )(),|X�w � � � R ; Z,L � f
:A�%B ; 5 � � R � {YqE4�.=L'&;:A(),/2?.1�
DF$5 �79$�$5�E� @�� @���f �A� :=�%B�5l� �rT (?$�2?0%M6 )2�RSR � � � Z � R �1� Z � Rhf � Z=:=�%B � R �1� w G\().1L  ).1&] #.[Dr.= ? #.1LE{+R
1 J-L^DF.1M62�q[� @�� @ 2),6L^0%M/:A #,6.1�%2]wyB%,/:=L'.=�%B%2�q�) � �v� $��~0%,6M/,6D%(),60%L�Cr2)�~0;:=(?$�25q ) ���l� .1(m�v� � �l�
$5�-0Q,/M/,6D%(),60%L9CF )(),a:A�%@1M/$52�q�� �dM/,/�Q$�{+R '�,6�%$�25q 5l���FT ()$52)0%Mz #2'w\G\0%M6M}M6,/�%$Aq ) �h�v�9Z ) ���l� .1(m�v� � �l�
45.i$YXQ,62? )$��%45$3450%(?*=$*C�B%.= ? #$�BIM/,6�%$=q�L'$+ _:=2h _:=D%M6$ ) � �v�� #(#:A�%2),z #,/.=�%2 CiB;:=2)"Q$�BvM6,/�%$Aq�� ��M/,6�%$�{YR



� ���"� � ��� �����

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

�

���

��,/@10Q()$ � R � qC�g$5L',|XQ,6�%@8 )(#:=�Q2),6 ),/.1� .=Gn:!D%,6�;:=(hJ O;0Q,/B ,6� 4�.1�> #:=45 �7H,z #"�:�&F.1(?.10%2EL':A )(),zX .AG
B%$��%2?,6 �J R � � � @ f � w � � � R ; Z&L � fE:=�%B ; 5 � � R � {+qQRnms:A2^:IG\0Q�%45 ),/.1�8.=G�4�.=�%4�$5�~ )(#:A ),/.1� j
G\.1(4# � � @ 6 � R�f�"Q$s2?J-L^DF.1M/23B%$��%.A #$I� @�� @ 2),/L]0%Ma:A ),/.1�Q2�w\B%,a:=L�.1�%BQ2�q ) � �v� $��~0%,6M/,6D%(),60%L�C
2)�~0;:=(?$�2�qI� ��� �l� $5�~0%,/M6,/D%(?,/0%L9CU4�(?.12)2?$�25q�u;()2h P.1()BQ$�(PB%$5L',|XQ,6�%@  )(#:=�Q2),6 ),/.1�;{m #"Q$sM/,/�Q$�2 5l� �rT
()$�2?0%M6 )2�R

:=4�450%(#:=4+J].AG% #"%$k2),6L^0%M/:A #,6.1�m()$�2?0%M6 )2_{S #"%$k #(?,/4�(?,6 ),/4<:AM= #$5L'&F$�():A #0%(?$=ZA.1(}&F.12?2),/DQM6Jg )"%$9 )$�L�&r$5(#:A )0%()$
.=G� )"%$m4�(),z #,64<:=Mr$��%BI&r.=,/�> <Z%,62�4�M6.12)$m:=�QB 2?M/,/@="~ )M6J'Dr$5M/.�7� #"%$m4�(?,6 ),/4<:AMe #$5L'&F$�():A #0%(?$�w�� � @ � fp{YR
@W.1L�&;:=(?,/2?.1�
.=GU #"Q$3&%"%:=2)$nB%,a:A@1(#:=L�2x7H,6 )" 5l� �rT�()$52)0%Mz #2o,/2o:=M/2?.',6M/M60%2? )(#:A )$�B
,/�
u;@%R�w � R � {+R

Tx JR � � � $+Xi4�$5M/M/$5�> H:=@1(?$�$�L�$��> �,62W.1Di _:=,6�%$�BEG\.=(9 #"Q$ ) � �v��:=�%B
� ��� �l�8 )(#:=�Q2),6 ),/.1�'B%$��Q2),6 ),/$52�Z
 #"%$�O;0Q,/B�45.1�%4�$5�> #(#:t #,/.=�%2P.=G� #"Q$sB%$�L�,zXi$�B�&Q";:=2)$�:=�%B� #"Q$ � �dM/,/�Q$=R�f�"%,62P:=@1(?$�$5L'$5�~ ^B%$5 )$�(),6. �
(#:A )$�2�Z;"Q.p79$5*=$�(5Z�7H,z #"s,6�%4�(?$<:=2?,/�%@ R �<R�TVM6 )"%.10%@1"s,6�� #"%$ 5l� �rT  )"%$l2#:AL'$g2?$��~0%$5�%4�$3.=G� �Ji&F$�2�.AG
&%";:=2?$�BQ,a:=@1():=L�2[.-4�4�0Q()2n:=2l,/�� )"%$P2),6L^0%M/:A #,6.1�%2g:A�%BK@1$��%$5(#:=M} #()$5�%B%2'wyM6.�7W$5(),/�Q@s.=Gb #"%$P45(),6 ),/4�:=M
 #$�L�&F$�(#:t #0%(?$':A�%B8�%:=()(?.p7H,6�%@
.=Gk #"%$ ) � �v��4�.-$+Xi,/2h #$��Q4�$�4�0%(h*1$`7H,6 #"C,/�Q4�()$�:=2),6�%@
LE:t #(),|X�BQ$����
2),6 �JQ{]:A()$�45.1()(?$�45 )M6JC()$5&%().-B%0%45$�BSZbL':=()NA$�B�B%, +e$5()$5�%4�$52`:=()$'.1D%2)$5(?*=$�B .1� :v�~0;:=�> #,z _:A ),6*=$EM/$+*1$5M�R
����&;:=(? ),/450%Ma:=(5Z�G\.1(4R ��> � @ f � Z} )"%$E45(),z #,/4�:=MU #$5L'&F$�():A #0Q()$E,62nG\.=0%�%B! ).vDF$E"%,6@1"%$�(n #";:A�!,/�C #"%$2),/L]0%Ma:A ),/.1�Q2 C%:AM/2).P )"%$m(#:A ),/.P.=G� #"%$n4�(?,6 ),/4<:AMr #.P )(),/45(),z #,/4�:=Me.=(�$��%BI&r.=,/�> � #$5L'&F$�():A #0%(?$m,/�%45()$<:A2)$�2
7H,6 #" R ��ZF7H"%,6M/$n,6 o()$5LE:A,/�%2o4�M6.12)$n #. f],/�  )"%$]2?,/L^0QMa:A ),/.1�%25RH�;0%(? )"%$�(?L'.1(?$=Z; #"Q$^4�(?,6 #,64<:=M�BQ$��%2?,6 �J
2)"%,zG  #29 ).^M/.�79$�(k*=:AM/0%$52W,/�'4�.1�> )(#:=2h x #.n #"%$g2?,/L^0QMa:A ),/.1�%2U7H"Q$�()$l,z W(?$�L':=,/�Q29�%$�:=()MzJ`4�.1�Q2? _:A�~ �R 5l�
 #"%$n.= #"Q$�(H";:=�%BeZ� )"%$n4�.1�%45$��> #():A #,6.1�%2o.=G� #"%$nB%$�L�,zXi$5B &%"%:=2)$n()$5LE:=,6�I:=4�450%(#:A )$3$+*1$5��:A V:�"Q,/@1"
LE:A )(),|XsB%$5�%2),z �JI:=2H,/M/M60%2? )(#:A )$�B
,/�su;@QR�w � R � {WG\.1(JR � � � @ f � R9TV2V�%.A #$�BI,/�
 #"Q$n&Q()$5*-,6.10%2o2)$�4+ #,6.1�SZ #"%$`B%$+ #$�(?L',6�;:A ),/.1��.AGk )"%$`$��~0%,6M/,/DQ(),/0QL BQ$��%2?,6 #,6$�2l.=Gk #"Q$PB%, +r$�(?$��> m&%";:=2?$�2n,/�� )"%$P2),6L^0%Ma:t #,/.=�%2



��� � ����� �
	�� ����
������� ��������������������	 �
�
:=(?$x: +r$�4+ #$5BPD~J]0%�%45$�(? #:=,/�> ),/$�2�.=G; #"%$9.1()BQ$�(U.=G � � ��3 G\.1(&R ���� � :=�%B � f 3 G\.1(�R � � � R}���^*-,/$57
.=G9 #"%$52)$'$�()(?.1(nD;:=()2n #"%$�B%, +e$5()$��Q4�$EDF$5 �79$�$5�� #"%$` #"Q$�.1(hJ!:A�%B8 )"%$'2?,/L^0QMa:A ),/.1�%2m:t n )"%$E"Q,/@1"%$5(
L':A #(?,zX
BQ$��%2?,6 #,6$�2o,/2o2),6@1�%,6u%4<:=�> <RHf�"%$3LE: �?.1(H2).10%(?4�$^.AG�$�(?().1(o,/2oM/,6N=$�MzJ� #.'Dr$nG\.10%�%Bv,/�
 #"%$30%2)$
.=Ge #"%$ 5l� �rT3Zi,6��&;:=(h #,/450%Ma:A(k,6�E #"%:A x.=G� )"%$ � �  �J-&F$g4�M6.12)0Q()$V ).^2).=M6*1$V #"%$[� 5��v$��~0;:A ),/.1�%29G\.1(
 )"%$V(?$5G\$5()$��Q4�$["%:=()B'2)&%"%$5()$V2?J-2? )$�Lj,/�` #"%$HG\(#:=L�$579.1(?NP.=Ge )"%$V(?$�&%M6,/4�:m )"%$�.1(hJ � f f �A� Rb�g, +r$�(?$��%45$�2
.=Gr2),6L',6Ma:=(}2),6��$oDr$+ �7W$5$���2?,/L^0%M/:A #,6.1�P:=�QB.5l���FT�()$�2?0%M6 )2�7W$5()$[.=D%2)$5(?*1$5B�,/�` #"Q$o.=�%$��d4�.1L�&r.=�%$��> 
4�:=2)$'��f f �A� R

xiy � y�� � � ���~�8� � � � �����

f�"%$�*A:=(?,a:A ),/.1�8.=GH #"%$s&Q";:=2)$sBQ,a:=@1():=L 7H,6 )" � wy():A #,6.�.=G� #"Q$s,/�> #$5(#:=4+ #,/.=��2? )()$��Q@= #"%2`DF$5 �79$�$5�
0%�QM/,/NA$]:A�%BvM6,/N=$n&;:=(h #,64�M/$52_{x,/2o2)"Q.p7H�v,/� u%@12�R�w � R � {{�+w � R 6 {WG\.1(� )"%$]L':A #(?,zX
BQ$��%2?,6 #,6$�2 R � � � :=�%B
� Rhf1R9���  #"Q$3M/:A ) )$�(�4<:A2)$m #"%$nLE:t #(),|Xn�dO;0%,6B
,/�> #$5(#:=4+ #,/.=�
7W:=2V$�,6 )"%$�(o:`&%0%(?$3";:A()Bv2?&%"%$5()$sw+L � � {
.1(n:I";:=()B82)&%"Q$�()$ l �k0%Nt:<7x:v,6�> #$�():=45 ),/.1� w+L � fp{+R���.=(m )"%$EDQ0%M/N�L�,zX- #0Q()$P7W$'.1D%2?$�(?*=$ ��,/�
�~0;:=M6,6 #:A #,z*1$o:=@1(?$�$�L�$��> 97H,6 #"' #"%$VL'$�:=���du%$�M/B'()$52)0%Mz #2W.AG �,/M/BQ,/�%@ � � �*��
 � f �p� :=�QB�2)0%DQ2)$�4+ <R � R � R �
��*=:A(),a:t #,/.=� .=G[ #"%$ &%";:=2?$�B%,a:A@1(#:=L G\().1L  �J-&r$v�)�)�3 #.! �J-&F$��)�] ).! �J-&r$ �`:=2'79$�,6�%4�(?$<:=2?$ �

G\(?.1L � @ 6>�  ). � @ �1� R Tx � � � @ � �%. B%$�L�,zXi,/�Q@! #():=�%2),z #,6.1� 45.10%M/B�DF$�.1D%2?$�(h*1$�B�B%.�7H�� #. :
 )$�L�&r$5(#:A )0%()$ # � � @ �1� ZoDF$�M/.�7 7H"%,64_"� )"%$ 5l���FT $��~0;:A ),/.1�Q2s�%. M/.1�%@=$�(�45.10%M/B�DF$�2).=M6*1$5BSR
Tx l )"%,/2g )$�L�&r$5(#:A )0%()$`:=�QB � *A:=M60%$P:�G\()$5$��5,/�%@s #():=�%2?,6 #,6.1��,/2g:=M/2?.s&r.12?2),6D%M/$`:=�QBK )"%$`B%$�L�,zXi,6�%@
 )(#:=�%2?,6 ),/.1�nB%.-$�2��Q.= U$YXQ,62? U:=�>JiL�.1(?$9,6�3 #"Q$9O;0%,6B^&%";:A2)$=R�5g*=$�(� #"%$9(#:=�%@=$W.=G �
*A:=M/0%$52}45.1�%2?,/B%$5()$�B
 )"%$345(),z #,/4�:=MS #$5L'&F$�():A #0Q()$3:=�%BvBQ$��%2?,6 �JIB%.E�Q.= V*A:=(hJ :=&%&%(?$�4�,/:=D%MzJ�7H,6 )" �9R�TV�v,6�%4�(?$<:=2?$].=GU )"%$
L':A #(?,zXvB%$��Q2),6 �J�G\(?.1L �  ). � Rhf w�:A �L � f�{[B%.i$523�Q.= n:=M6 )$�(g )"%,/2lDF$�";:<*-,/.=(n.=(g #"%$`2)$5�~0%$��%45$�.=G
&%"%:=2)$3B%,a:=@=(#:=L�2^w G\().1L  �J-&F$^�)�?�x #.� �Ji&F$^�h{HD%0Q gM6.�7W$5()2O# o�:=�%B2#�� o�D>J � f �43 :=�%Bv2)"%,zG  #2V )"%$
B%$5�%2),z #,6$�2x.=G� )"%$g #(?,/4�(?,6 ),/4<:AMe:=�QB9@2� � &r.1,6�> #2W ).P2)M/,6@1"> #MzJ'M6.�7W$5(�B%$��%2?,6 ),/$�25R�T 4_";:=�%@=$n.AG&L`G\().=L
fx ). � :A �uQXi$�B`L':A #(?,zX3B%$��Q2),6 �JQR � � � @ f�M6.p79$�(?2S# o�D>J � f �73 Z>2?"%,6G  )2SR�o�G\().1L � � @ � �  #. � � @ �*6:=�QBIBQ$�Ma:<J-2H #"%$n:=&%&F$<:A(#:=�%45$m.=G} )"%$ @2��� :=2H.1�%$m,/�Q4�()$�:=2)$52 �kR

xiy � y z � � ���~�8� � � � �����

f�"%$m*A:=(),/:A #,6.1�E7H,z #"
 #"%$n&;:=():=L'$+ #$5(JLKwy$YXQ&Q()$�2?2),6�%@E #"Q$n():A #,6.`Dr$+ �7W$5$��v )"%$nO%0%,/B���O;0%,6B :A�%BI )"%$
L':A #(?,zXn�dO%0%,/B�,6�~ )$�():=45 ),/.1�%2#{^,/2`2)"%.�7H� ,6��u;@%RVw � R ; {P:=�%B w � R � {]G\.1(P )"%$I �79.�4�:=2)$529R � � � @ �>� Z
� � � @ ; :=�%B R � � � @ f=Z � � � @ ;A� RmT &r.=2),6 ),6*=$]*A:=M/0%$3.=G L (?$�&%(?$�2?$��> #23:=�K:A ? #(#:A45 #,6.1��DF$5 �79$�$5�
L':A #(?,zX8:=�QB�O;0%,/B�&%:=(? ),/4�M6$�2n7H"%,/M6$�:��%$5@>:A #,z*1$E*A:=M60%$E(?$�&%(?$�2?$��> #2':v()$5&%0%M62),/.=�SRK�;.1(] #"Q$�M/.�79$�(
L':A #(?,zX BQ$��%2?,6 �JBR � � � @ �>� ZW #"%$v2)$��~0%$5�%4�$�.AGl&%";:=2?$�B%,/:=@1(#:AL'2P,62'G\.10%�QB  #.!Dr$
 �J-&r$��?�)� �
 �J-&F$g�)� �  �J-&F$g�)�?�U7H"%$��KL`B%$54�()$�:=2)$52xG\().1L &F.12),z #,z*1$H #.^�%$5@>:A ),6*1$o*A:=M/0%$52�R�T ) �h� �8 #():=�%2),z #,6.1�
:=&Q&r$�:=()2x�Q$<:=(JL � � wy:^&%()$54�,62)$lM/.-4<:t #,/.=�E4<:A�%�%.= �DF$gG\.10%�QBsB%0%$g #.P�~0%L�$�(?,/4�:=Me&%(?.1D%M6$�L�2W,/�� )"%$



� ���"� � ��� ��� �

0.70

0.74

0.66

0.78

#

0.62

0.66

0.70

0.74

#

0.60

0.64

0.68

0.72

0.76

#

0.58

0.62

0.66

0.7

0.74

#

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.90

0.60

0.70

0.80

#

Rnm
��,/@10Q()$ � R � q )k:A(),a:t #,/.=�'7H,6 )" ��.=G� #"Q$l&%";:=2?$nBQ,a:=@1():=L .=G� #"%$lDQ,/�;:=(hJ'O%0%,/BsL�,zX- #0Q()$g,6�E #"%$5()L':=M
$��~0%,/M6,/D%(?,/0%L�7H,6 )"E:m&r.=().10%2kL':A #(?,zX^G\(?.1L 5l� �rT]R R � � � q � � � R 61� Z � R ;A� Z � R ;1� Z � R �1� :A�%B � R �1�
w\G\().=L� #.=&I ).�DF.= ? #.1LE{"CQ��0QM/MeM6,/�%$Aq ) � �v�WZ?) � �l��.1(o� ��� �l��45.i$YXQ,62? )$��%45$3450%(?*=$�2 C�B%.A ) #$5B M6,/�%$Aq
L'$+ _:=2h _:=D%M6$ ) � �v�� #(#:A�%2),z #,/.=�ECQB;:A2)"%$5BvM/,6�%$=q � �dM/,/�Q$=R



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

0.64

0.56

0.60
#JN

0.54

0.58

0.62

0.66

#JN

0.60

0.52

0.56
# N

0.2 0.3 0.4 0.5 0.6 0.70 0.1 0.8
0.45

0.55

0.65

# N

Rnm
��,6@10%(?$ � R � qgf�"%$P2):=L�$`:=2g,/��u%@%Rbw � R � {HG\.1( R � � � @ f1Z�L � � q � � � R 6�� Z � R ;=� Z � R ;�� :=�%B � R �1�
w G\().1Lj #.1&s #.�DF.= ) ).1L�{YR



� ���"� � ��� ��� �

0.60

0.64

0.68

0.72

#

0.58

0.62

0.66#

0.56

0.60

0.64

0.68

#

0.52

0.56

0.60

0.64

0.68

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

#

Rnm
��,/@10Q()$ � R 6 qHf�"%$P2):=L�$^:=2g,6�vu;@%R�w � R � {�G\.1(OR � � � @ f1Z L � f1q � � � R 6>� Z � R ;A� Z � R ;=� Ze:=�%B � R ;1�
w\G\().=L  #.1&s ).�DF.= ? #.1LE{+R



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

0.58

0.62

0.66

0.70

#

0.64

0.60

0.68#

0.58

0.62

0.66

0.74

0.70#

0.64

0.68

0.60

#

0.58

0.62

0.66

0.54
0.2 0.4 0.6 0.70.30 0.1 0.5 0.8

#

Rnm
��,6@10%(?$ � R ; q )k:=(),/:A #,6.1�E7H,z #"HL�.=G� #"Q$l&%";:=2?$nBQ,a:=@1():=Lj.=G} )"%$mD%,/�%:=(?J'O;0%,/B
L�,zX- #0Q()$g,6�
 )"%$�(?LE:AM
$5�-0Q,/M/,6D%(),60%L 7H,6 #"C:
&r.=().10%2mL':A #(?,zX G\().1L 5m� �rT3R R � � � @ �>� Z � � � @ ; q L � � R � Z � Zwf1Z � Z �rf
w G\().1L  #.1&� ).PDr.A ) #.=L�{YR��;0%M/MFM/,6�%$=q ) �h�v�9Z�) ���l�!.1(H� ��� �l�!45.i$YXi,/2? )$��%45$m4�0%(h*1$�2,C�B%.= ) )$�BsM6,/�%$Aq
L�$5 #:=2? #:=D%M/$&) �h� �  )(#:=�%2?,6 ),/.1�ECiB;:=2?"%$�BIM/,6�%$=q � ��M6,/�%$AR



� ���"� � ��� �
	 �

0.58

0.62

0.66

#

0.56

0.60

0.64

0.68

#

0.52

0.56

0.60

0.64

#

0.48

0.52

0.56

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

#

Rnm
��,/@10Q()$ � R � q�f�"%$n2#:=L�$m:=2H,/�su;@QR�w � R ; {9G\.1(JR � � � @ f � Z � � � @ ;=� q,L � � Z f1Z � Z�� fEw G\().1L� #.1&s #.
Dr.= ? #.1LE{+R



�
	 � ����� �
	�� ����
������� ��������������������	 �
�
45(),6 ),/4�:=M;()$5@1,/.1�E:=2xL�$��> #,6.1�%$5B�:=DF.�*1$�{9:=�%B�$YXQ,62? )2x.1�%MzJ',6��:]2?LE:AM/M;(#:A�%@1$[.AG Ln��*=:AM/0%$529$YXi )$��%BQ,/�%@
(?.10%@1"%MzJ�G\().1L �  #. 7 � @ � R f�"Q$�&%";:=2?$�B%,/:=@1(#:AL ,/23:=@>:=,6�!.=Gx �J-&F$��)�?�gG\.1(m #"%$'L'.1(?$E2h #().=�%@1M6J
(?$�&%0%M62),z*1$`LE:t #(),|Xn�dO;0%,6B�,/�> )$�(#:A45 #,6.1�%2 L � 7 f1R`T �~0;:=M6,6 #:A #,z*1$�MzJv2?,/L�,/M/:=(VDF$�"%:�*-,6.1(l,/2l.1DQ2)$�(h*1$5B
G\.1(9 #"%$lM/:=()@1$5(xL':A #(?,zX'B%$��Q2),6 �J�R � � � @ f*C%"%$�(?$l #"%$g �J-&F$n�?�b&%";:=2?$nDF$�"%:�*-,6.1(x.-4�4�0Q()2o:A �M6$<:=2h �G\.1(� 36L93 � R

f�"%$95l� �rT :=M6M/.�7H2]0Q2^ #.�B%$+ #$5()L�,/�%$E )"%$�L�$5 #:=2? #:=D%M/$ ) �h� �  #():=�%2),z #,6.1�%2sw\"%,/BQB%$���DF$�M6.p7
 )"%$ ) � �l� 4�.-$+Xi,/2h #$��Q4�$^450%(?*=$�{"Cr #"%$52)$P:=(?$]L':=()NA$�B�,6�Iu%@12�R�w � R ; {{�+w � R � {�D>JIB%.= ) )$�B�M6,/�%$52�Ro�;().1L
u;@QR�w � R ; {YZ;,6 �,62V:A&%&;:=(?$��> H #";:A �Z%7H"%$��
 #"Q$3L':A #(?,zXE,/2�2h #().=�%@1M6J�:A ) )(#:=4+ #,z*1$'w=L � � @ � {+ZQ )"%$ � �dM/,/�Q$w\$+X- #$5�%B%$�BK,6�~ ).� #"%$ ) � �l� 4�.-$+Xi,/2h #$5�%4�$`()$5@1,/.=��{o,6�~ )$�(?2)$�4+ #2g )"%$^L�$5 _:A2? _:AD%M/$nu;()2h l.1()BQ$�( ) � �v�
45.i$YXQ,62? )$��%45$3M6,/�%$n:A V:`B%$��%2?,6 �J
2?LE:=M6M/$5(W #";:A�  #"Q$�w\L'$+ _:=2h _:=D%M6$�{W45(),6 ),/4�:=MSB%$5�%2),z �J1Z R�� ����o Z;7H"%,/M6$
G\.1(� )"%$9(?$�&%0QM/2),z*1$9LE:A )(),|X ��O;0%,6Bl,/�> #$5(#:=4+ #,/.=��w+L � 7 fp{S #"%$9,/�> #$5()2)$545 ),/.1�n,/2�.1D%2?$�(?*=$�B^G\.1(�B%$5�%2),z #,6$�2M/:=()@1$5(n )";:=� R � ����o RvT[2]&r.1,6�> #$�B!.10Q ^D>J �,/M6B%,/�%@ � � �*��
 ��f �t� ,/�8 )"%$�,6(]L�$<:=� �du;$5M/B!2h #0%BiJ�.=G
:�2?J-L'L�$5 )(),643D%,6�;:=(hJ � ����� L�,zX- )0%()$m #"%$52)$3B%, +r$�(?$��%45$�2g,6�  #"Q$]L�$5 _:A2? _:AD%M/$m$��~0%,6M/,6D%(),60%L L':�J
DF$
.=GU()$�M6$5*A:=�%45$3G\.1(o #"%$3BQJ-�;:=L�,/4n&%().=&r$5(? #,6$�2V.=G� #"%$32?J-2? )$�LIR[f�"%$5()$+G\.1()$AZe7H"%$��eZS,/�I #"%$34<:=2?$^.=Gb:
(?$�&%0%M62),z*1$HLE:t #(),|XrZ1 #"%$HO;0%,6B',62k�~0%$5�%4_"%$5B�G\().1L :m"%,6@1"P #$�L�&F$�(#:t #0%(?$V2h _:A )$o,6�> #.m #"%$o4�.-$+Xi,/2h #$5�%4�$
(?$�@1,6.1� 2?M/,6@1"> #M6JEDr$5M/.�7  )"%$3L�$5 #:=2? #:=D%M6$n45(),z #,/4�:=MS&F.1,/�> o.1�%$n4<:A�v$+Xi&F$�4+ 	�= �79. ��2h _:=@1$nB%$5L',|XQ,6�%@
�%R
f�"%,62xL�$<:=�%25ZQ #"Q$l2?J-2? )$�L 7H,/M6MFu%()2? H2?$�&;:A(#:A )$n,6�> #.`: ) �b:=�%BI:`�v���d&%";:=2?$*C% #"Q$��s #"%$l$5�~0%,/L�.1Ma:A(
M6,/�~0%,/BP7H,6M/M�B%$�L�,zXv��f �t� RU����45.1�> #():=2? �ZiG\.1(9:=�s:A ? #():=45 ),6*1$VLE:t #(),|X w=L � � @ � {+Z~ #"Q$VO;0%,6B'7H,6M/M�B%$�L�,zX:=�QBI&Q";:=2)$n2)$5&;:=():A #$m2),6L^0%Mz _:=�%$5.10%2?M6J�w��1.1�Q$���2h _:=@=$nBQ$�L�,zXi,/�%@��I� f ��� {YR

xiy � y�� � � ���~�8� � � � ������

f�"%$I,/�iO;0%$��Q4�$v.AG[ #"Q$ L':A #(?,zX�B%$��%2?,6 �J .1�  #"%$I&%";:A2)$vBQ,a:=@1():=L .AG[ #"Q$ L�,zX- #0Q()$
,/2`2)"Q.p7H� ,/�
u;@=2�R;w � R � {�:=�%B w � R f � {�G\.1(} �7W.l*A:=M/0Q$�2�Z � :A�%B f1Z1.=G� )"%$�&;:=():=L'$+ #$5(SL]:A�%B � � � @ ; RUTV2UB%,/2?4�0%2?2)$5B,6�E #"%$l45.1L�&;:=(),62).1�s.AG}2?,/L^0QMa:A ),/.1�E:=�%B� #"Q$�.1(?$5 #,64<:=Me()$�2?0%M6 )2�Z%,6�sDr.A #"s4<:A2)$�25Z�:A ER � � � Zi79$m";:<*1$
:g �J-&r$H�?��B%,/:=@1(#:AL 4_";:A(#:=4+ #$�(?,/�5$�B�D~J�:g )(),/45(),z #,/4�:=M-&r.1,6�> ow\7H"%$5()$H #"%$ � ��M6,/�%$9.=Gr )"%$H2)$54�.1�%B'.1()BQ$�(
B%$5L',|Xi,/�%@P #():=�%2?,6 #,6.1�s #$5()L�,/�;:A )$�2#{H:A2H79$�M6M�:=2[:` #(?,/&%M6$l&r.1,6�> �7H"%$�(?$3 #"Q$^�PZ; #"%$ '�:=�%BI #"%$3�l�
45.i$YXQ,62? �R^T[2l79$�,6�%4�(?$<:=2?$MR ��Z�:A �L � f w�:t ) #():=45 ),6*=$^ _:=,6M�,/�� )"%$`LE:t #(),|Xn�dO;0%,6B�,/�> )$�(#:A45 #,6.1��{o )"%$
 )(),/45(),z #,/4�:=M� )$�L�&r$5(#:A )0%()$ #����]BQ$�4�(?$<:=2?$�2,Cx:A 4R � � � @ �  #"Q$'u;(?2? P.1(?B%$�(n #():=�%2),z #,6.1�!DF$5 �79$�$5�  )"%$�v�8:=�%B� #"%$[�l�C";:A2k*A:=�%,62)"%$5BSZQ@=,6*-,/�%@m(?,/2)$H #.]: @2��� :A #�� @DB w  �Ji&F$[��&%";:=2?$gB%,a:A@1(#:=LE{+R��d 94<:=�DF$H.1D%2)$5(?*=$�BE )";:A � #"Q$o$YXi,/2? )$��%45$[.=Ge: @2� ��M6$<:=BQ2U #.3:mN~,6�%N^,/�P )"%$ ) �h�v��450%(?*=$=ZQ45M/$�:=()MzJ3*-,/2?,/D%M6$
,6�� #"%$ 5l���FT B;:A #:QZ;:P&%"%$5�%.1L�$��%.1�s7H"%,64_" "%:=2�Dr$5$��IB%,/2?4�0%2?2)$5Bv,/�I:^2?,/L^0%M/:A #,6.1��2h #0%BQJ�.=G} )"%$
&%0Q()$�L�,zX- #0%(?$x,/�I��f �7;�� R�f�"%$�2),z #0;:A ),/.1�],/2�4�.=L'&%M6$5 )$�M6JnB%, +e$5()$5�~ b,zG; #"%$�L':A )(),zXn��O;0%,/B],/�> #$5(#:=4+ #,/.=�%2
:=(?$m";:=()BI2)&Q"%$�(?$3&F.= #$5�> #,a:AM/2nw=L � � {+R 8$3�Q.p7 :=()(?,6*=$m7H,z #"I,/�%45()$�:=2),6�%@MR �[:A V:P �J-&r$m�)�?�W&%"%:=2)$
B%,/:=@1():=L�C�G\.1(4R � � � @ f� #"%$.) � �v�  #():=�%2?,6 #,6.1��DF$�45.1L'$52PL'$+ _:=2h _:=DQM/$s:=�QB "Q,/B%B%$5� Dr$5M/.�7� )"%$
) � �l�  )(#:=�%2?,6 ),/.1� w  �J-&r$P�?�)�o&%";:=2?$PB%,a:=@=(#:=LE{+RmT[2lBQ,/2)450%2)2?$�BC,/�� )"%$P&%()$+*-,/.10%2l2?0%D%2?$�45 ),/.1�eZ� )"%$



� ���"� � ��� �
	�	

0.62

0.66

0.70

0.74

0.78

#

0.64

0.68

0.60

#

0.54

0.58

0.62

0.66

#

0.2 0.3 0.4 0.5 0.6 0.7 0.80.1

0.50

0.54

0.58

0

#

Rnm
��,/@10Q()$ � R � q )k:=(?,a:A ),/.1�87H,6 #" L':A #(?,zX!B%$��Q2),6 �J R �'.=Go #"Q$I&Q";:=2)$
B%,/:=@1():=L .AGV )"%$sD%,/�%:=(?J8O;0%,/B
L',|Xi )0%()$�,/�C #"%$5()L':=Mb$��~0%,6M/,/DQ(),/0QL 7H,6 )"�:v&F.1().=0%2]L':A #(?,zX�G\(?.1L 5l���FT]R L � � Z � � � @ ; q4R �� � RzZ � R �>� Z � Rhf � :=�QB � R f � w G\().1L  #.1&� ).�Dr.= ? #.1LE{+R �;0%M/MVM/,6�%$=q�) �h� �WZ ) � �l� .1(
� ��� �l�
4�.-$+Xi,/2h #$��Q4�$n4�0%(h*1$�2,CrBQ.= ) )$�BIM/,/�Q$=qUL�$5 #:=2? #:=D%M/$ ) �h�v�� )(#:=�%2?,6 ),/.1�ECiB;:=2?"%$�B M/,/�Q$=q�� ��M6,/�%$AR



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

0.62

0.66

0.70

0.74

0.78

#

0.58

0.62

0.66

0.74

0.70#

0.54

0.58

0.62

0.66

#

0.46

0.54

0.58

0.50

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

#

Rnm
��,6@10%(?$ � R f � q^f�"%$E2):=L�$�:=2n,/�Cu;@%RWw � R ; {gG\.1(DL � f1Z � � � @ ; q4R � � � Z � R �>� Z � Rhf � :A�%B � R �1�
w G\().1Lj #.1&s #.�DF.= ) ).1L�{YR



� ���"� � ��� �
	��
L'$+ _:=2h _:=D%M6$ ) � �v�� #(#:A�%2),z #,/.=�s4<:=�IM/$�:=Bs #.�: �A �7W. �d2? #:=@1$lB%$5L',|XQ,6�%@
�%R

x|y���y{x � � �����8� � � � 
 � � � � � �����

0.68

0.72

0.76

#

0.64

0.56

0.60
#

0.48

0.52

0.56

0.60

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

#

Rnm
��,/@10Q()$ � Rhf f1q )k:A(),a:t #,/.=� 7H,6 )"K2)4�(?$�$5�%,/�%@IM/$5�%@= )" ; .=Gb #"Q$�&Q";:=2)$`B%,/:=@1():=L .AG9 )"%$PD%,/�%:=(?J O;0%,/B
L',|Xi )0%()$�,/�K #"Q$�()L':=Mb$��~0%,6M/,6D%(),60%L 7H,z #"�:I&r.=().10%2nL':A #(?,zX�G\(?.1L 5l���FT]R ��:=():=L�$5 #$5()25qQL � � Z
� � � @ 6�� Z�:A�%B R � � � @ f � R ; 5 � � Z � R � :=�QB � w\G\().=L  ).1&! #.�DF.= ? #.1LE{+R��;0%M6MbM/,/�Q$=q ) � �v�WZ
) � �l� .=(`�v�����l� 4�.-$+Xi,/2h #$��Q4�$
4�0%(h*1$52 CHB%.= ? #$�B M6,/�%$Aq'L�$5 #:=2? #:=D%M/$ ) �h� �  )(#:=�Q2),6 ),/.1� C9B;:A2)"%$5B
M/,/�Q$=q � ��M/,6�%$=R

f�"%$E4_";:=�%@1$E,/�!&Q";:=2)$EB%,a:=@=(#:=L $5�~ #:=,/M6$�B�D>JC*A:=(),/:A #,6.1�K.=G� #"%$E2)4�(?$�$5�%,/�%@vM/$��Q@= #" ; .AGx #"%$
�k0%Nt:�7W: &F.= )$��> #,/:=MU,/2m2?"%.�7H�!,/��u;@QRkw � Rhf fp{[G\.1(�R � � � @ f � Z � � � @ 6�� Z�:=�%B L � � R`T 4_";:=�%@1$
.=G ; 5�G\().1L �  ). � L':=,/�%MzJsM/.�79$�(?2g #"%$] )(),64�(),z #,64<:=MS )$�L�&r$5(#:A )0%()$]:=�%B� #"Q$^4�(?,6 #,64<:=M� )$�L�&r$5(#:A )0%()$
.=G� #"%$]L'$+ _:=2h _:=D%M6$ ) �h�v�  #(#:A�%2),z #,/.=�SZ�D%0Q g.A #"%$5(?7H,/2?$^M/$�:<*1$�2V #"%$34�(),z #,64<:=M�B%$5�%2),z �J�:=�QBv �J-&r$^.AG
&%";:=2?$3B%,/:=@1():=L w  �J-&r$n�)�?�h{W0%�%4_";:=�Q@1$�BSR



�
	 � ����� �
	�� ����
������� ��������������������	 �
�
���%45()$<:A2),/�Q@H )"%$b(#:=�Q@1$�.=G- #"%$ �k0%Nt:<7W:o&F.= #$5�> #,a:AM=G\().1L *po � � @ � 5Iw\*A:=M60%$b:A �7H"%,64_"nL�.12h �.=Gi )"%$5l� �rT�4�:=M/450%Ma:t #,/.=�%2H";:<*1$^DF$�$5��&r$5(?G\.1(?L'$5Bv #.E:=M/M6.p7 4�.1L�&;:=(?,/2).=� 7H,6 )"  )"%$`� @ 2),6L^0%M/:A #,6.1�%2_{

 ). � 5�():=,/2?$�29 )"%$g45(),6 ),/4�:=M; #$�L�&F$�(#:t #0%(?$[7H"%,/M6$V&Q()$�2?$�(h*i,6�%@P #"%$V2)";:A&r$l.=Ge #"%$g&Q";:=2)$lBQ,a:=@1():=L wy4+G R
u;@QR�w � Rhf � {?{+R 8$m.1�%M6JE.1D%2?$�(?*=$]:`�;:=(?().�7H,/�Q@�.AG} )"%$�) �h� � 45.i$YXi,/2? )$��%45$=R

0.58

0.62

0.66

0.74

0.70#

0.62

0.66

0.70

0.74

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

#

Rnm
��,6@10%(?$ � R f � q9)k:A(),a:t #,/.=�!7H,6 )" 450Q ��d.*+�(#:=BQ,/0%2M*po^.AGV )"%$ &Q";:=2)$ B%,a:A@1(#:=L .=G[ )"%$
D%,/�%:=(?J�O;0Q,/B
L�,zX- #0Q()$g,6�
 )"%$�(?LE:AMe$��~0%,6M/,6D%(),60%L 7H,6 #"I:P&F.1().10Q2�LE:A )(),|XEG\(?.1L 5l� �rT]RQf}.1&I4�0Q(?*1$Aq(* o � � @ � 5 CDF.= ) ).1L 450%(?*=$ *po � � 5URUf�"Q$g.= #"Q$�(k&;:=(#:AL'$+ #$�(?2W:A()$ L � f1Z � � � @ ; Zi:=�%B9R � � � @ �>� R��;0%M/M;M6,/�%$Aq) �h�v�WZ ) � �l� .1(�� ��� �l� 4�.-$+Xi,62? #$5�%4�$I4�0Q(?*1$52 CoB%.= ? #$�B M/,6�%$=qsL�$5 #:=2? #:=D%M6$<) �h� �  )(#:=�%2?,6 ),/.1�EC
B;:A2)"%$5B M6,/�%$Aq � �dM/,/�Q$=R



� � ��� ���	� 


� �� ����� ������ ��� � � �����������

�! #" 1 "%$'& � @)(+*#,.-/,.01"%*20 5431*#,506"7-/* �8"%3.*#-/9:"<;>=#=#3.(@?A-'BDC:01-/(+*FE 1 @ 5��8;HGI-',JCK*LCKMON:CK*#P7"%MQ$/-/RTS#-'M��U,50VC:01"
BW"X06 #(YMZ06 [C\0!31"7BDCK-'*#,],.S#P%P7"%,1,5&^S#$_-/*D01 #"HP%3.-'01-/P`C:$a3."%b+-'(+*ECY-'0!"7*O&^(+31P7"%,!P7(+*#,1-',.01"%*#PXceda"X0Uf)"7"%*g06 #"
P%(+Bh=#31"7,1,.-/d#-'$/-'0Uci3.(+SO01"HCK*#MZ01 #"4"%*O"%31b:cZ31(KSO06"j06(k06 O"%31Bh(YMOcY*[CKBh-/P%,7l 1 @ 5��8;m-',]9T*#(@fn*e06(kb+-oN+"
CKP%P7S#36C:01"L3."%,.S#$'01,n&^(K3]06 #"p=# [C:,1"pM#-qC:b+36CKBrCK*#Me06 O"QP731-o06-/P%CK$8ds"% #C@NY-'(+3n(K&tCku[SO-/MIl

�"L #C@NK"kb+"7*#"%31CK$/-'v%"%Mg06 O"L&^(+3.BkS#$qC\06-/(K*e(K&w01 #"Fx @!y��8;z06(h06 #"QP`CK,."{(K&�CW [CK3.M��UP7(+31"QBkS#$o06- �
�<S#9\C@f)C�u[SO-/MIl|�! #-',D [C:,W"7*[CKd#$'"%M}S#,i06(~063."`C:0hN:CK31-'(+S#,h,.cY,.01"%Bh,Wfn-'01 �=[C:-/3i=a(:06"%*201-qCK$',i01 [C:0
P`CK*~da"F=#CK36CKBh"701"%3.-/v%"7M�-/*�01"%31Bh,H(K&<$/-'*#"`C:34P%(+B{d#-/*[C\06-/(K*#,�(K& �<S#9\C`f)Cg06CK-/$',%�n06 #"h� �g=s(K01"%*206-/CK$
CK*#Me06 #"L�H-/3.-'&�CK$'P%(Q=a(K01"%*206-/CK$a01 [C:0!MO"%,1P731-'da"7,n01 #"H-/*201"%36C:P706-'(+*eds"70Uf�"%"%*�&^S#$/$'"%3."%*#"4=#CK3.01-/P%$'"%,7l �"
 [C`N+"QP`CK$'P%S#$/C:06"7Me=# [CK,."HM#-qCKbK36CKBh,](K&_06 O"%,1"p,5cA,506"7BW,>CK*#MgP%(KBW=[C:31"%MZ01 #"p31"7,1S#$o06,]fn-'01 e=#31"XNY-/(+S#,
06 #"7(+31"X06-/P%CK$IC:*#Mg,1-/B{S#$qC:01-/(+*h,.01S#M#-'"%,%l��! O"QP7(+Bh=[CK31-',1(+*W [CK,!,. #(@fn*g01 [C:0]01 #"Qx#�!y��8;�=#3.(@NA-'M#"%,
N+"%35cZC:P%P%SO36C:01"�"%,506-'BDC:01"%,�&^(+3�06 #"jP%3.-'01-/P`C:$[=a(+-'*20�=#CK36CKBh"701"%3.,%lt�! #">M#"701"%3.BW-'*[C:06-'(+*i(K&I01 #">=O [CK,1"
M#-qCKbK36CKBh,J(K&����\�Y����&^S#$'$/"731"%*O"%,�,1 #(@f�"%M �a-/*QP%(K*T0136CK,50�01(>=O31"7NY-'(+S#,�,.06SOM#-/"7,�d2cL�]CKP7P`CKBh(h� �I�K��
O��� f%�
�H06 [C\0{06 O"Z36CK*Ob+"Z(K&!01 #"Z$/-'RTS#-/M�36CK*#bK"DM#"7P%31"%CK,1"7,hCK,k(+*#"D-/*#P731"`C:,1"%,L06 #"Z,.-/v7"Z(K&n06 #"W&^S#$/$'"%31"7*#"
BW(+$'"%P7S#$/"7,%l

�"� [C`N+"�&^S#3.01 #"%3.BW(+3."�=#31"7,1"%*201"%M�3."%,1SO$'06,e&^(+3�C��4� ��,.cY,506"%B fn-o06 �M#"%*O,1-'0Uc���M#"%=s"%*#MO"%*20
-/*206"736CKPX06-/(K*k36CK*Ob+" ; E+RYGXl�xYS#PV F-/*2N+"7,.01-/b2C:01-/(+*O,w,1 O(+S#$/M{da"](:&�31"%$'"7N:CK*#P7"�&^(+3�06 #")=# [CK,.")0631CK*#,1-o06-'(+*#,
-/*�P7(+$/$'(+-/M[C:$I,.cY,.01"%Bh,pCK*#M�$'-/RTS#-'M�Bh"706CK$/,nfn #-/PV �C:31"{SO,1S[CK$'$'cgM#"7,1P731-/ds"%M�d2c�M#"%*O,1-'0Uc���M#"%=s"%*#MO"%*20
=[CK-/3D=a(K01"%*206-/CK$/,7lz��c�N:CK35cY-/*#b�01 #"�0Uf�(�=#CK36CKBh"701"%3.,Z(K& ; E=RYGW01 [C:0eMO"%,1P731-'da"�01 #"� #"%-'b+ 20gCK*#M
$/(YP`C:01-/(+*�(K&�-'01,>BWC\?A-/B{S#B f)"{b+"%*#"736C:01"%M�Ch,1"%3.-/"7,4(K&�=# #CK,1"kMO-qCKb+31CKBh,�CK*OM�(+d#,."%3.NK"%M�M#-o¡8"731"%*20
0UcA=s"%,F(:&!P%3.-'06-'P`CK$�ds"% #C@NY-'(+3%�F-'*�=[CK3506-'P%S#$/CK3%¢�=# [CK,."DM#-/CKb+31CKBW,Hfn-o06 �0Uf�(�P%3.-'01-/P`C:$�=a(+-'*206,Lfn O"%31"
&^(+S#*#MI¢�(K*#"DP7(+313."%,1=s(+*#MO-/*#b£01(�C£,50VCKd#$'"D(+3QBh"70VC:,.0VC:d#$/"Wb2CK,~��$/-'RYSO-/M�0631CK*#,1-o06-'(+*I¢�01 #"D(:06 #"73k(+*#"
06(h,.0VC:d#$/"p(+3nBh"70VC:,.0VC:d#$/"H$'-/RTS#-/M �U$/-'RTS#-/Mh0636C:*#,1-o06-/(K*#,%l�¤U*�06 #"pP`C:,1"pfn #"%*�06 #"p0Uf)(WP%3.-'06-'P`CK$a=a(K-/*206,
BW"731b+"QCF=#31"7$/-'BW-'*[CK3.ch,506S#MOcg(:&�01 #"LP731-o06-/P%CK$8"¥?A=a(+*O"%*20O��,1 #(@f�"%M�"XNY-/M#"7*#P%"p06 [C\0n-/*e06 #-',nP`CK,."LC
0631-'P%3.-'06-'P`CK$8=a(+-'*20�(YP%P7S#31,7lj�! O"{M#"XN+"%$'(+=#Bh"%*20H(K&�06 #"kx#�!yp¦8;§M#(K*#"L-'*�01 #-/,nf)(K319g(K¡a"%31,j&^(+3!06 #"

f �+¨



�
	 � �������X�	� ���
�������������� ����� �
� 3.,.0>06-/Bh"p06(Z,506S#MOc�06 O"%,1"{=# #"%*O(+BW"7*[CZ-/*£CDRTS[CK*206-o0VC:01-'NK"Qf)C`c+l���(K31"kM#"X0VCK-'$/"7M£-/*2NK"%,.01-/b2C\06-/(K*#,
-'*Z06 #-',jMO-/31"7P701-/(+*gCK3."pP%S#3.31"%*201$'ceM#(K*#"Kl

�"L [C`NK"kCK$',1(ib+"%*O"%36C:$/-/v7"%Mg06 #"{x#�!yp¦8; 06(DChd#-'*[CK35ce,.cYBhBW"X0631-'P4u[S#-'MIl���"%CK*�� � $/"7M�06 O"%(+35c
=#3."%M#-'P701,D&^(+3W01 #-/,WBW- ?Y06S#3."�06 O"�"X?A-/,506"7*#P%"�(K&H01 #31"7"�b+"%*O"%31-'P£=# #CK,1"�M#-/CKb+31CKBW,7lm�! #"7,1"�=# #CK,1"
M#-/CKb+31CKBW,�CK31"iC:$/,1(e(KdO0VCK-'*#"%M�-'*�06 #"F=#3."%,."%*20{,506S#MAc�CK*#M�06 O"i0136CK*O,1-'01-/(+*£da"X0Uf)"7"%*�01 #"%,."h0UcY=s"%,
-',4&^(+S#*#M�06(�ds"k0631-'b+b+"731"%M�d2c�06 O"h=#CK36CKBh"701"%3 � �n01 #"i36C:01-/(e(K&<06 #"iS#*O$/-/9:"k06(e06 O"h$'-/9:"F,1=s"%P%-'"%,
-'*T01"%31CKP701-/(+*Il�;�P%(+Bh=[CK3.-/,1(K*�fn-o06 �����,.01S#M#-'"%,D-',i=#$qCK*O*#"%MIl �"�CK$/,.(�P7(+*#,.-/M#"73h01 #"�&^SO3.06 O"%3
M#"XN+"7$/(+=#Bh"%*20!(:&�"7*O&^(+3.P%-/*Obk,1"7$'& �UP7(+*#,.-/,.01"%*#PXcZds"70Uf�"%"7*�01 #"H"%*#"731bKcD31(+SA06"HCK*OMZ06 #"43.(+SO01"%,]06(k01 #"
=[C:3.06-/CK$�P%(KBW=#3."%,.,1-/dO-/$/-o06-'"%,hE�"7R�l��Al � f G4fn #-'PV �f)(KS#$/M 3."%RTS#-'31"W01 #"D,.(+$/SA06-/(K*�(K&!C£P%(+SO=#$/"7M�,1"X0F(K&
01 #31"7"�������,]01(Fda"�f�(+3506 g=#S#3.,1S#-'*#b#l<�)$/(K,1"%3!-'*2N+"%,506-'b2C:06-'(+*#,�(K&_06 #"HP731-'01-/P%CK$ads"% #C@NY-'(+3](K&�d#-'*[CK3.c
Bh-o?Y06SO31"%,]fn-'$/$ada"pM#(+*O"Q-'*e&^SO06S#3."Hf)(+3.9�l
�[S#3.01 #"%3.BW(K31"K¢Tf�"4 [C`N+"4,506S#MO-/"%MgCQd#-/*#CK3.ch,.cYBhBW"X063.-/PjBW- ?A01S#31"nfn #"7*e-'0�-/,)-'*W01 #"%3.BDCK$s"%RTS#- �

$'-/d#3.-/S#Brfn-o06 �CZM#-',1(+3.M#"%3."%M�=s(+31(KS#,4BWC:063.-o?al��n"%,1SO$'06,H(KdO0VCK-'*#"%M�fn-'06 O-/*£01 #"{&^36C:BW"Xf)(+3.9�(:&<01 #"
�!yp¦�-'*206"%bK36CK$�"%RTS[C:01-/(+*�06 #"7(+3.c�-/*£P%(+BkdO-/*[C:01-/(+*gfn-'01 �01 #"iy����s;§P7$/(+,.S#31"L [C`N+"F=#3.( NY-'M#"%M�MO"��
06CK-/$'"%M£-'*O&^(+3.BDC:01-/(+*�(+*�06 O"k-/*Ou#S#"%*#P7"i(K&�BDC\0631- ?�M#"%*#,.-'0Uc�CK*#M�=[CK31CKBW"X06"731,4M#" � *#-'*#bZ06 #"F-'*206"%3��
CKPX06-'(+*#,{ds"70Uf�"%"7*�06 #"Z=#CK3.01-/P%$'"%,L(K&!06 #"Dd#-/*[C:3.c�BW- ?A01S#31"WCK*#M�ds"70Uf�"%"7*�01 #"ZBh-o?Y06SO31"��4CK*#M 01 #"
BWC:063.-o?n�U=#CK3.01-/P%$'"%,7l��! #"k01 #31"7"k0UcA=s"%,p(K&<=# #CK,1"FM#-/CKb+31CKBW,n06 #C:0H(YP%P%SO3H-/*£01 #"Fd#S#$'9�Bh-o?Y06SO31"kC:31"
CK$',1(i"%*OP%(+S#*201"%31"7M�d2ce06 #" �!yp¦�01 #"%(K3.ce&^(+3!ds(K06 g06 O"Ld#SO$/9eCK*OM�01 #"LP7(+* � *O"%M�Bh-o?Y06SO31"Kl�;	BDC ��.(+3pC:PV #-/"XN+"%Bh"%*20Q(K&<06 #-',Hf)(+3.9�-/,401(g,1S#=#=O$'c�Ce*#(+* � CKBkdO-/b+S#(KS#,HP%(+3.31"7,1=s(+*#M#"7*#P%"hda"X0Uf)"7"%*�01 #"
-'*T01"%31CKP701-/(+*#,)-/*Z06 O"H=[CK3.01$'cWRTS#"%*#PV O"%M£,5cY,.06"7B�E�Bh-o?Y06SO31"4=#$'S#,]=s(+31(KS#,!BDC\0631- ?#G�CK*#Me01 #"40UcY=a"p(K&
=# #CK,1"FM#-/CKb+31CKB�01(Zfn #-/PV �01 #"7c£b+-'NK"F31-/,."KlQ¤U*�06 #"Fd#SO$/9£dO-/*[CK35c£Bh-o?Y01S#31"{01 #"FPV [CK*Ob+"F-/*�=# #CK,1"
M#-/CKb+31CKB -/,{0131-/bKb+"%3."%M d2c�(+*O$'c�(+*#"Z=[C:36CKBh"701"%3gE 06 #"e=[C:36CKBh"701"%3 �wGXl~¤U* 06 #"e=#3."%,."%*20h,.cY,.01"%B
01 #"{,.-'06S#C:06-'(+*g-/,jBW(+3."LP7(+Bh=#$/"¥?�d#31-'*#b+-/*ObW-'*T01(W=O$qC`c�CDP%(KBkd#-/*#C:06-'(+*g(K&�,1"XN+"736CK$�=[CK36C:BW"X06"%3., �<¢
L�E^01 #"{31C:06-'(D(K&tBDC:0131- ? � u[S#-'M£CK*OM£u[S#-'M���u[SO-/M£-'*206"%31CKP701-/(+*O,VGnCK*#M£01 #"{=s(+31(K,1-'0Uc�E NA-/C9R �XG¥lHxABWCK$/$
PV [C:*#b+"%,<-/*i"%CKPV D(K&a06 #"7,1"j=[CK31CKBW"X06"731,� [C`N+"jda"7"%*W,1 #(@fn*D01(Q$'"`CKMi06(pRTS[CK$'-'06C:06-oN+"!PV [CK*Ob+"%,<(K&801 #"
=# #CK,1"HM#-/CKb+31CKBW,7lt¤U*g=[CK3506-/P7S#$qC:3%¢T&^(+3nCkb+-'NK"%*eu[S#-'MgCK*#MgBWC:063.-o?a¢O-o0!-/,!C:=#=[CK3."%*20!06 [C\0!06 #"H=# #CK,1"
M#-/CKb+31CKB�P`CK*�ds"kPV [C:*#b+"%M�M#31CK,.01-/P%CK$/$ocgdTc�N:CK3.cY-'*#bD06 O"k=a(K31(+,.-'0Uc�(K&�06 #"{BW"7M#-/S#B�fn #-'PV �-/,�01 #"
=[C:36CKBh"701"%3<BW(+,50]3."`CKM#-'$'ciP7(+*20631(K$/$qC:d#$/"n-/*D"X?A=a"731-'BW"7*T0%l<�)(+Bh=[CK31-',1(+*hfn-'01 e�Q�����},1-/B{S#$qC:01-/(+*O,
CK*OM�y����s;�3."%,.S#$'01,{,1 O( f�"%M�01 [C:0Q&^(+3L$'(@f BDC\0631- ?�M#"7*#,1-o06-'"%,L01 #"ZC:b+31"7"%Bh"%*20{-',L"¥?AP%"%$'$/"7*T0kCK*#M
01 [C:0�y����s;|-/,�C:d#$/"]01(Q=O31"%MO-/P70 ��C\0�$/"%CK,.0�-'*iCpRTS[C:$/-'06C:06-oN+")f)C`ck�_063."%*#MO,<-'*F06 #"!=# #CK,1"nds"% [C`NY-/(+37l



� � � ��� � ��� �

� � ��� � � � ����� ���t� � ������������ �	� ��� � � 

� � � � ������� �n���  � � ��� � ��� �£����� �

��"p,1(K$'N+"H01 #"LyH3.*#,.01"%-'*��5¦8"731*#-'9K"p"%RTS[C:01-/(+*
� E=*KG ��� E+*+G l R � ��� *�� � E=*�� G � E�� % 7 %���� G E�;{lhf G

,1S#=#=O$/"%Bh"%*201"%M£d2ce01 #"pP%$/(K,1S#3."H31"%$/C:06-'(+*
� E=*KG � � &^(+3 *Q3 f
� E=*KG � 8 �"!$#&%(')! �+*) &^(+3 *-, f � E�;{l �+G

S#,1-'*#bh0Uf�(hM#-'¡a"%3."%*20>CK=#=#3.(2CKPV #"7,%l

. ��/ 0 s21����4365 �87 s-9 �;:<3>=@? s �A=@:<B CEDF9HGIBI=$J �KD
�! #" � 3.,.0DCK=#=#3.(2CKPV -/,id[CK,."%M�(K*�01 #"L��-'"%*#"73"MU�>(+=O&>&�CKP701(+31-'v`C:01-/(+*�(K&>06 #"gM#-'31"7P70WP%(+3.31"%$/C:06-'(+*
&^S#*#P701-/(+* -/*2063.(AMOS#P%"7M�d2c��]C\?Y06"73 � ¨ON � l��>"�,1 O( f�"%M}01 [C:0i06 O"�(+3.-/b+-'*[CK$nyp¦�"%RTS[C:01-/(+* P`CK* da"
31"7fn3.-'0.06"%*�CK,

P � E P G �RQ6S4T E P G�U ��V�WHXZY[ S4T E]\.G S E^\ Q P G`_a\ E�;{l � G
P � E P Gcb Q6S T E P G�U ��V�WHX Yd E P Q \.G � Ee� P Q \���G S E]\.G"_a\�f E�;{l N G

fn #"%3." S E P Ga-/,I01 #"�,1(�MUP`C:$/$/"7M4&�CKP701(+3I&^S#*#PX06-'(+*Il��]C\?Y06"73J06 #"7*Q,. #(@f)"7ML01 [C:0 S E P G8 [CK,I06 O"�&^(K$/$/(@fn-'*#b=#31(+=s"%3506-'"%,%� S E P Gw-',�CH31"%CK$ ¢+P7(+*206-'*YSO(+S#,�&^S#*#PX06-/(K*I¢ S E P GAb � &^(K3 P-g � CK*#M S E P GAb � &^(+3 P ,ih-'& � E P G4b � &^(+3 P ,jhklZ�j"h01 TS#,{-'BWBh"%M#-/C:06"7$'c�(+dO06CK-/*O"%M�06 #"Zkml ,.(+$/SO01-/(+*�&^(+3p [C:31MnM�,1=# #"731"7,
o�� �



����� ������� �	� �s�K��
���
��� �\�	����
��� ������� � ������� �O����
����� ���! � �K��"<�#�$
&%'� �'( %
E � E P GAb � &^(+3 P , o GXlw�*)KcK"nCK*#Mh�)$/SOB � � N �O,1 #(@f�"%Mi06 [C\0��]C\?Y06"73,+ ,�CK=#=#3.(2CKPV F-',�CK$/,.(HCK=#=O$/-/P%CKd#$'"
&^(+3>CK*�-/* � *O-'06"7$'cg31CK*#b+"7M � E P G!(K&t01 #"L&^(K31B (K&�Ch$/-/*O"`CK3jP%(+B{d#-/*[C\06-/(K*�(:&ml<S#9\C`f]CK,4CK*#M�M#"731-oN+"%M
01 #"HCK*[C:$'cT06-'P>,.(+$/SO01-/(+*8lw�! #"XcZ,1 O( f�"%Mg06 #C:0)&^3.(+B 01 #"�&^(+3.B (K& � E P G�(+SO01,1-/MO"�06 #"�P%(+3."iE�;Ll �+G<CK*#M"7Rsl�E^;{l � G]-'0]&^(K$/$/(@fn,)01 [C:0 S E P G)BkS#,.0jds"p(K&�01 #"H&^(+31B

S E P GAb S d E P G UE_�-�.�/ [ &^(+3 P , � E^;{l10+G
fn #"731"

S d E P GAb 23 4657 E P 7 Q o G�U98\E P Q o G U � E�- .�/ [ Q - .�/ G � giP-g o� o giP E^;{l;:2G
fn-o06 Zc+"X0nS#*#M#"X06"731Bh-/*#"7M�P7(A"'<hP%-/"7*206,>= f?8�f � CK*OM _�l;��"4-'*#,1"73.0 S E P G�b+-'NK"%*ed2c~E^;{l10+G)CK*#M~E^;{l;:2G-'*T01(F"%R�l�E�;Ll N G¥l �[(+3 P-g o (+*#"H01 #"%*�b+"701,nS#,1-'*#bh01 #"pP%(+3."HP%(+*OM#-'01-/(+*

� b Q6S4Td E P G�U���V W X#@d E P Q \.G � Ee� P Q \�� G S d E]\.GA BDC EF dHGJILK [NMPO
_a\

U���V�W X#@d E P Q \.G � Ee� P Q \�� G`_Q-�.�/DR^_a\
b Q6S Td E P G Q ��V�W�_Q-�.�/ [ X @d S � E S GT-�.�/DU�_ Sb QWV = P U98 QYX E � UE_AGZ- .�/ [N[ Q ��V�W�_Q- .�/ [�\� E X G f E^;{l ¨ G

fn #"731" \� E X G>-/,j06 #"k��C:=#$qCKP7"Q0136CK*O,.&^(+3.B (K& P � E P GXl���c�"%RTS[C:01-/*#bD01"%3.BW,>(K&�"%RTS[CK$ P MO"%=s"%*#M#"7*#P%"
(+*O"QbK"706,

= b �8 b �X E � U _YGRb ��V�W�_ \� E X G'] E^;{l;^2G
_j,1-/*Obi01 #"%,."LP7(A"'<hP%-/"7*206,!&^(+3 S CK*#M�-/*O,1"%3506-'*#bk06 #-',!&^S#*#P701-/(+*g-'*�"7R�l�E�;{l � G)(+*O"QbK"706,!&^(+3 P , o

`a-�.�/cb [ . O�d b _ X -�.�/ [ U���V W X O[ S E]\ Q P G S T d E]\.GA BDC EF deGJILK [NfPO
_a\

Q ��V�W�_ X X @[ S E]\ Q P GZ-�.�/�R^_ \b _ X - .�/ [ E o Q ��V W�g#E X G1G f E^;{l � G
fn #"731"

gOE X GRb X @d S E^\.GT- .�/DR _a\b h�E X G Q�i E X GZ- .�/ E�;Ll o � G



� ��� � � ��� %��J� �'� ���'��@����
���
	 � �?� �P�� � � ��� �
fn-'06 

h�E X G b Q �X -�.�/mU � U _� Xi E X G b Q o� X � - .�/ ] E^;{l oao G
�! #"%3."7&^(+3."L(+*O"Q(KdO0VCK-'*#,]&^31(KB E�;Ll � G

- / `8b _ X E o Q ��V�W�gOE X G.G ] E^;{l o �+G
��"�&^SO3.06 O"%3)*O"%"%Mg,.(+BW">"X?A=#3."%,1,.-/(+*Z&^(K3 \� E X G¥l;��">0VCK9:"�06 #"�CK*[CK$ocT06-/PjP%(K*T01-/*TS[C:01-/(+*W(K&_"%R�lIE�;{l ¨ G&^(+3 P , o CK*#Mg,1SOdO0631CKP70>-'0]&^3.(+B "7Rsl�E^;{l N G�&^(+3 P , o

P � E P GAb X _Q-�.�/ [ U���V W X#@d E P Q \.G � E�� P Q \���G S E^\.G`_a\ E^;{l o�� G
06(h(+dO0VC:-/*

P � E P GAb Q*Xa� -�.�/ [ U���V�W X [d E P Q \.G � Ee� P Q \�� G S E]\.G`_a\ ] E^;{l o$N G
�! #"�$/CK,.0I-/*206"7b+36CK$K-/,��.S#,50�CnP7(+*2N+(+$'SO06-'(+*p-/*206"7b+36C:$ l�xA(n(+*#"�(+dO06CK-/*O,JC:& 06"73_�_CK=#$qC:P%"t0631CK*#,5&^(+31BWC:06-'(+*

\� E� G>b Q Xa�X U� - .�/ - .�� U���V�W \� E�\G�g#E� G E^;{l o 0+G
CK*#Mg06 #"731"7&^(K31"

E o Q ��V�W�gOE X G.G \� E X G>b Q �� -�. 7 /L] E^;{l o :2G
��(K3!b+-'NK"%* \� E X G]"%RT,%l�E^;{l o :2G]CK*#M�E�;Ll1^+G]CK31"p$/-'*#"`C:3]-/* � CK*OM _[l;��"Q-'*20631(YM#S#P7"WE�� b�� � WYG

� b � N � - / \� E X Gb � N � X @O P -�.�/?b [ . O�d�� E P G`_ P f E^;{l o ¨ G
S#,1-'*#b{06 O"�31"7$qC:01-/(+* � E P G;b � E P Gtfn #-/PV Z-',�N:CK$'-/MF&^(+3�01 #"�� M?+(MU,5cY,.06"7B E^P7& lt,.S#d#,."%P70%l N l � l �+G��Y,1(+$oNY-/*#b
"%RT,%l�E�;Ll o :2G!CK*#M�E�;Ll1^2G)&^(+3 � CK*#M _hf�"L(+dA0VCK-'*

� b � Q o U �
� X - .�/�� _

_ b  O 7"! - /V o U O7 / E o Q - .�/ G#� [ 7 ] E^;{l o ^2G
¤U*#,1"73.06-'*#bi06 #-',!,1(+$'SO06-'(+*e-/*g"%R�l�E�;Ll o �+G�cY-/"%$'M#,nCF*#(+*#$'-/*#"%CK3]"7RYS#C:06-'(+*�&^(K3$�

:%� `�b / 7 � V o Q  7 / - .�/ [V o U O7 / E o Q - .�/ G#� [%& ] E^;{l o � G
��(K3Hb+-'NK"%* ` C:*#M X 01 #"i,1(+$'SO06-'(+*�(K&<06 #-',4*#(+*O$/-/*O"`CK34"7RTS[C:06-'(+*�cY-/"%$'M#,'��C:*#M�06 TS#, � f _ f \� E X G�f S"706P:l



����� ������� �	� �s�K��
���
��� �\�	����
��� ������� � ������� �O����
����� ���! ���K��"<�#�$
&%'� �'( %
. ��� �	��
��� 9 D C 3 � B���a:<3�� CED49 GIBI=$J��KD
�! #"DCK$'01"%3.*[C:06-oN+"i31(KSO06"i06(g06 #"W,1(+$'SO06-'(+*�-/,Qd[CK,."%M�(K*�06 O"Z�_CK=#$/CKP%"F0631CK*#,5&^(+31B 01"%PV #*#-'RTS#"W01 [C:0
f)CK,HCK=O=#$/-'"%M£d2c � CK-',1BWCK* � N �\��06(D,1(+$oN+"{01 #"iyp¦�"%RTS[C:01-/(+*�fn-'06 �P7(+31"LP%(+*OM#-'01-/(+*£CK*#M�CDM#-'31"7P70
P7(+313."%$qC\06-/(K*�&^SO*#P701-/(+* (K&H(+*#"�M�l<S#9\C`f)C�&^(+31B�l��>-',W,.(+$/SA06-/(K*�f)CK,Z,.S#d#,1"7RTS#"%*206$oc},.-/Bh=#$/- � "%M�d2c
� )Kc+"QCK*#M£xY01"%$/$ � ¨no �_CK*#M�b+"%*O"%36C:$/-/v7"%Me06(F01 #"pP`CK,."L(K&�0Uf�( l<S#9\C`f)CK, � NaN ¢ : � ¢$0 � � l
��"QP7(+*#,.-/M#"73n01 #"pP%(+3."pP%(+*#MO-'06-'(+*

� E P G>b Q�� &^(+3 P-g o ] E�;Ll � � G
CK*OM 3."%P%(@NK"%3g06 #"�(+3.-/b+-'*[CK$�P7(+31"�P7(+*#M#-o06-/(K*	E�;{l �+GZ-/*|01 #"�$/-/Bh-'0 ��� � lj��"�-'*T0131(YM#S#P7"�01 #"&^S#*OP706-'(+*#, ��E P GAb � E P G� f �WE P G>b � E P G� ] E�;Ll � o G
�! #"Xcg,6C:01-/,5& cD06 O"{yp¦�31"7$qC:01-/(+*��E P G;b��DE P G�U��W X _ � P T �}E P T G�� Ee�  Q  T ��G E�;Ll ���+G
CK*OMg01 #"pP%$'(+,1S#3."p31"%$/C:06-'(+*#, � E P G�b Q o &^(+3 Pcg o�WE P G�b !` - .�/cb [ . O�d

P &^(K3 P , o E�;Ll � � G
fn-o06 !`8b ` � f �W-b � W f ��<b � � ] E�;Ll � N G
�! TS#,tf�"n31"%P7(@N+"%3<C4P7$/(+,.S#31"]3."%$/C:06-'(+*L01 [C:0� [C:,�CK$/3."`CKMOcLds"%"%*i,506S#M#-'"%Mid2c{01 #"!�_CK=#$/CKP%")0136CK*O,.&^(+3.B
01"%PV #*#-'RTS#"Kl � C:-/,1BWCK*£&^(KS#*#M�06 O"kM#-/3."%PX0HP%(+3.31"7$qC:01-/(+*�&^S#*#P701-/(+*�(:&�06 #-',4,.cY,.01"%B -'*#,1-'M#"L01 #"FP%(K31"
01(hds"pb+-'NK"%*gd2c

Q �WE P G b =FU98 P U o� �� = P � U#" o Q - .�/ [X P U#" 7 P7(+,1 �E X P G Q o
� P !` X 7 - / f P g o E�;Ll ��0+G

fn #"731" = f?8hCK*#M	" b !` � b !` � N ���- /%$��E X GL,1C:06-',.& c�C�,1"70k(K&j*#(+*#$'-/*#"%CK3L"7RTS[C:06-'(+*#,7l �[(+$'$/(@fn-/*Ob,.-/Bh-/$qC:3)$/-'*#"%,nC:,j&^(+3!01 #"Q0Uf�(OM l<S#9\C@f)C � E P G]-/* � N N ¢�: � �_01 #"%,."L"7RYS#C:06-'(+*#,jP`CK*�da"p31"Xfn31-o0106"7*�CK,jC,5cA,506"7B (K&<$/-'*#"`CK3�"%RTS[C:01-/(+*#,>&^(+3pCZ,1S#-o0VCKdO$/"kPV #(K-/P%"F(:&�=#CK36CKBh"701"%3.,%�>01(e06 #-',4"%*#M�f�"i-/*2063.(AM#SOP%"
01 #"HNKC:31-qC:d#$/" & � b � Q(' g Q*) O) d f1fn-'01 g b,+ o U��-��o Q ��/.

7 f E�;Ll ��:2G
fn #"731"H06 O"Q31C:06-'(10�2043 -/,!bK-'N+"7*g-/*e06"731Bh,j(:& �-b � N65��- / $��E X G]dTcZ"%RT,%l�E �1� G]CK*#M�E � N G)(:& � NaN ��C:,

) O) d b
N U�� X2Q X 7
�#E
� U X G i � Q oh � Q o ] E�;Ll � ¨ G



� ���s�o� � � 	 �.��� % � ��� ( 	 � �?� �P�� � � �����
fn #"%3."

h b o
� X � X4Q �X U�� U9-�.�/�� E^;{l ��^2G

i b o
� X + X 7 U�� X2Q NN U�� X2Q X 7 U9-�.�/ . ] E^;{l � � G

�! #"{C:da(@N+"pBh"%*206-'(+*#"7M�$'-/*#"%CK3],.cY,506"%B�ds"%P7(+Bh"%,!06 #"7* E^P%(+Bh=[CK3."4fn-'01 �"7Rsl>E�:2G)(K& � : � � G
� UmE � Q � G ) d b g

� � U ) d b � E^;{l � � G
fn-'06 

� b E o Q �OG 7 E o Q W �� E��Ab � G1G E^;{l � o G
� b o U & 7O& X 7� b E & U ' gKG 7 Q oN X 7 ] E^;{l � �+G

xA(+$'NY-'*#bF06 #"p,.cY,506"%B�E^;{l � � G�&^(+3 ) d b+-'NK"%,
) d b NX 7 � oN X 7 Q	� 7 �eE ' g Q	� G 7 E^;{l �1� G

fn #"%3."Qf�"LMO" � *#"7M
�
� b ' g Q O& X 7& ] E^;{l � N G

��3.(+B�01 #"pM#" � *#-'01-/(+*#,LE^;{l ��:2G]CK*#M�E^;{l � N G]-'0]&^(K$/$/(@fn,
) O) d b � Q(' g Q

O& X 7E ' g Q	� G 7 ] E^;{l � 0+G
��cg-/*#,."%3506-/*Obk06 #"p"X?A=#3."%,.,1-/(K*#,kE^;{l �1� G!CK*#M�E^;{l � 0+G)-/*g"7Rsl�E � :2G�(K& � NaN �

: �� !` b N E X U��+G 7 h 7X 7 ) d � ) O) d Q�
 �
7

E^;{l � :2G
fn #"%3."



b E N U�� X4QYX 7 G i

�nE
� U X G h E^;{l �2¨ G
(+*#"p(+dO06CK-/*#,nCi*#(+*O$/-/*O"`CK3]"7RTS[C:06-'(+*e&^(+3]06 O"QRTS[C:*T01-'0Uc

�

: �� �`8b E X U��+G 7 h 7X & � oN X 7 Q	� 7 � V N E � Q ' g Q�
 G%E ' g Q�� G Q X 7 [ 7 ] E^;{l � ^2G



���$� ������� �	� �s�K��
���
��� �\�	����
��� ������� � ������� �O����
����� ���! ���K��"<�#�$
&%'� �'( %
��(F(+dO06CK-/*D01 #"4P7(+313."%,1=s(+*#MO-/*#bF"7RYS#C:06-'(+*D&^(+3)01 #"4(+3.-/b+-'*[CK$�P%$'(+,1SO31"43."%$qC\06-/(K*�E�;Ll �KG<f)"H-'*#,1"73.0]01 #"
"¥?O=O31"%,.,1-'(+*#,{E�;{l � N G)-'*g"%R�l�E�;Ll � ^+GnC:*#Me0VCK9:"Q01 #"p$/-/Bh-'0 � � � l�¤U*g06 O-/,!$/-'BW-o0)(K*#"pb+"701,

� b � N � � X @O - .�/cb [ . O�d � E P G� _ P b � N � X @O - .�/cb [ . O�d � E P G`_ P b � N � - / \� E X Gg � o& � o Q ) O) d
� � o Q O& X 7& E�;Ll � � G

CK*OMg01 TS#, :%� `�b E X U �+G 7 h 7X & � oN X 7 Q�� 7 � V N E o Q�
 G7E o Q	� G QYX 7 [ 7 ] E�;Ll N � G
��c}"X?A=#31"7,1,.-/*#b

�
CK,�C�&^S#*OP706-'(+* (K& ��NY-/C�01 #"�"%RT,%l{E�;Ll � N ¢ ;Ll ��:A¢ ;Ll � ¨ Ge(K*#"�P`CK* ,1 #(@f 01 [C:0

"7Rsl�E^;{l N � G)-',!"%RTS#-'N:CK$'"%*20n06(F06 O"Q=O31"7NY-'(+S#,!&^(+31B{S#$qC:01-/(+*D"%R�l�E�;Ll o � GXl



� ��� �����	��
��� ���

� o���������� l���� �"!$#&%�' �$�)(���J%'��)*+($, -/.0*?��($1P)*?%32��54 ��(�%6. 	 �7($1 %'���)2�1 %58)9;:=< � >+?A@CBEDF!$>+��#&?&� # k�>+��%+%�'oHG GJI K
� IL�NMO�QPO� �SRFDT%+� #U'&VW��X �Y� �=? � k�Z\[=% �Q]_^Y`ba 0 0c'P0�^ � 8 o6G ^ �JK
� ������� k �Jd DFDT��#e!$#�?"f �g��� h RTDF?&��%+DF�i[ 'kj 2 ( �Yl��m.'�>�$ ( l=,n(���)2�1 %o2�� � ���l qp�%38)9;:=< � >7?A'=BEDr!$>7��#&?�� #A'oHG G � Ks�
� Nt����� k �Uu !$#�%+��#�!$#�?wv � V �A�yx fo� #z!tDF?A' 	 �z.02�� 
{2�� �$ ( �Y,F. � ���l qp�%N8q| �i} l��$>+~Q@ d�x !t?&����R xk�>7��%+%�' o6G ^ :�' I��H� ��?&Rn��RT� # K
� 0 �����A��� VW�6}WDFRT#&%+� #U'A!$#&?�� �U���k� }WRF#J��� #U' � ���l qp�%e($1Yp � ���l�qp�-  � ��l���.?%O8 � � #&?&� #U@��E�c�+����>"M

}�� >���ZA' o6G ^ I K
� : �����$���tu )$[$�$' RT#�� .'" � � ����2�(=*?�z.?%��m2;4e��2$��,F. ( %��1 � ���l�qp��$�)(��b. 	 �z.02��'
;8q� ?�% � B � B�! x�x !$���&'

��� M&k �Qu !$#�%+��#U'Q!$#&? Pe�Q� ����DTD)' | !t�+� �cx RF��# x � � ��>+RF��%�' M DF�J}���>�'Qfo� >+?&>7� x ZJ�H' oHG G ^ K
��� ��d�� k�!$>7� Dr!c' ��� V���!t�+�+�&' d ?�Xt!$# x ��%;RT#Lk�ZJ[=%+R x %�' ]_^Y`ba NaN ' Inoao 8 oHG G 0 K
� ^ � V � foR x ~=�"!$#A' Pe�Q� ����DTD)' k�ZJ[=% � VW��X �Q� ���+� � ' ]_^Y`ba � � ' G G : 8 oHG G : K
� G�� B � B�! x�x !t�"�&' k�ZJ[=% � VW��� � ' ]_^�`baUI � N ' o 8 o6G G : K
� o � � k ��u�� kC�c� DT�$' h���P >+!$#&?&�t'�B �Cd��kd #&�$��DFD�'�!$#&? k � � �C�yx6� RTDFDr!t#A' �cx RT��# x �$' ]_^�`ba�I � 0c' �JI I

8 o6G G � K
� oao�� | ��Pe�kd DF�"!$>+��!�' � �C� � ���&!�' PO� V���RF�$'�B � � �kh � �7��>7�&';k�ZJ[=% � V��iX ��� ���7� � ' ]_^Y`�a ^ :�' I � � ^8 I �a� o6K
� oLIL� | � � � �SRTDF?&RT#&�&'&� �Q�cx Z&��RF?A' k � | RT��DF!$�z!�' k�ZJ[=% � VW��X � � ' ]�^Y`ba 0�^�' I I � o 8 o6G G ^ K
� o�������� M ��� VW� %+RT#=�Y��>7�&'z� .'" � � ����2�(=*?�z.?%	�b2�4e�02$��,F. ( %*�1 � ���l qp��$� (��m. 	 �z.02�� 
N8�� ?&% � B � B�! x M

x !$���&' ��� M&k �&u !$#&%7��#A'Y!$#�? PO�Q� �+��DFD�' | d�h 9 �cx RT��# x � � ��>+RT��%�' M DT�J}E��>�'Qfo� >7?&>+� x Z\��' o6G G G K
o$N 0



����� ��� � �����	��
�� 4��  
� o$N$� d�� k � l �� �$#&�y!$#&? �/�ku_�� � BEZz!$#A' k�ZJ[=% � V��iX �k� ���+� � ' ]_^Y`�a :�0c' I 0�: G 8 o6G G��JK ' dN� k �l �� � #&��' �Y� � �CM RT�{'  � v �CP � DT?&�&�&>7�{!t#&? ����u_�� � BEZz!$#A' k�Z\[=% � VW��X �C� ���+� � ' ]_^Y`�a

� � ' G 0 N 8 oHG G1�JK ' �/� BEZz!$#U' | �U� �&DT?&��>7%o!$#&? ��� VW���&�J[$'�k�Z\[=%7R x % h �=?z!H[ ' ]_^Y`ba NJG 8 ^ K ' ���
8 o6G G : K

� o 0 ����� � �&M RF�y' ���Q� !O!$#&? �/�&u��� � BEZz!$#A' k�ZJ[=% � VW��X �z� ���7� � ' ]_^�`ba � o ' I I : ^ 8 o6G G1� K '&f �&���
h �&DFRT�"RT��>7RUf �Q��� ' ��� l��=� #y!$#&? �/�Qu��� � BEZ&!$#A' k�ZJ[c% � VW��X �Q� ���7� � ' ]_^�`ba ^ I ' oLI o 8 o6G G G K

� o : �	 � Pe�$� !$?&?���#�!$#&? � � Pe� P DF!$#&?���' ��� � �0!t� � k�ZJ[=% � ' ]�^Y`ba 0 o '�0 � � 8 oHG ^ ^ K '  �JPO�$� !$?&?&��#A'
��� BEZ&��� � k�ZJ[=% � ' ]�^Y`baUG :�'�0 N\I I 8 o6G GJI$K

� o � ����� � � � ?�}E!$>+?�% !$#&? k �� �Ad #&?���>+%7� #A' ��� k�ZJ[=% � �E' ]_^�`ba 0c' G :�0 8 o6G � 0 K ' ��� � � � ?�}�!t>+?&%
!$#�?wB �Y� � #���%�' ��� k�ZJ[=% �Yd ' ]_^Y`baUG ' o 0 G 0 8 oHG � : K

� o ^ �����zd��YP RnX ��#y!$#�? PO�Q� �+��DFD�' k�ZJ[=%+R x ! d ' ]�^Y`baAI�� G ' NJG 0 8 o6G GON\K
� o6Gt� � �=�cx Z���$DFD M)k�!$% x Z&RF#�� ��>�'\f �J� ��X ��%��\�&�t' ��� M ���� ��RT%�'\!$#&? P ��>+Z&!$>+? M !$Z&D�' k�Z\[=% � VW��X � � ' ]_^Y`�a: N ' � oao 0 �JI 8 I����noLK
� I��t� h��k���Uu RFDTD)' �$�)(���J%'��)*+($, 	 �z.'� ( 2�p�
�1Y( ( )*?%�8 � !t%+%�! x Z=��%+���7��%�@ d ?&?&RT%+� # M  ��%+DT��[Kk����&DFRT%+Z&RT#&�

BE� ���z!$#J[$' o6G : �JK
� Ino����/�zh !$�A' ��� VW�H!t�7���&' ��� BEZ&��� � k�ZJ[c% � ' ]_^Y`�a ^ � ' oHGJIno 8 o6G ^�0 K
� I I��_���Y��� 9 >+#�%7����RF#A'&� ��� ��>7#&RF~t�$' k�>+� x$�zd;x !$? �Y�cx R � 8 d ��%7�+��>7?z!$� K ' ]_^Y`bamo � ' o$N 0 I 8 o6G o$N\K
� I=�t� d�� � � ��!t�+Z&Rr!�'�f � � �zh Z&� >7#\�+� #A' k�ZJ[c% � V��iX � �;' ]�^Y`baAI ' ����� N 8 o6G � �JK
� ION$�����Y���Qu )$[ �t' ��� �EDF�&�y' ���Y� �0!t� � k�Z\[=% � ' ]_^�`ba o :�' � G$G 8 o6G � � K
� I 0 � � �� !$RF%7� !t#A' ���5����� �����6}WRT�+�$' ��� BEZ���� � k�ZJ[c% � ' ]_^�`ba 0�:�' ��� ^ : 8 oHG � I K � q�,qp ]_^Y`�a 0�:c'

���$G1� 8 o6G � I K
� I : ���/�� ��>���Z&��RF�y' ��� BEZ&��� � k�ZJ[=% � ' ]_^Y`ba 0 0=' N\I$G o 8 o6G � oLK
� I � �_���Y� RT��>�[ h ��>7#A' � � BE� >7X$��>�!c' d�� � �YP � #���DF���$' k�ZJ[=% � V��iX �zd ' ]_^Y`�ar� G ' � � o 8 o6G ^ GJK
� I ^ � � � V �Y� �"Rn��ZA' � � D � k�Z\[=% � ' ]_^Y`�ar� '$^ I=� 8 o6G � GJK
� I$Gt�_u_� B �zd #&?���>+%7��#A'Yf � BEZz!$#&?&DT��>�!$#&? ��� f �� ����~\%�' d ?�Xt!$# x ��%;RT#yBEZ&����R x !$D�k�ZJ[=%+R x %�' ]_^Y`�a

� N ' o�� 0 8 oHG � : K
� ���t��PO�Q� �+��DFD�' k�ZJ[c% � V��iX � ' ]_^Y`�a o ^ N ' o�� 0 8 o6G : GJK � ��� BEZ&��� � k�Z\[=% � ' ]_^Y`�a 0 0c' o@N ^�0 8 o6G � oLK



��� � �����	��
 � 4��  �����
� � o��Nu_� B �zd #&?���>+%7��# !$#&?{f � BEZz!$#&?�DF��>�' ��� BEZ&��� � k�ZJ[=% � ' ]_^Y`�a 0 � ' o6G o ^ 8 oHG � I K
� �JIL�Nu_� B �=d #&?&��>+%+��#A'&f � BEZ&!$#&?&DT��>�!$#&? ��� f �� ����~=%�' ��� BEZ&��� � k�ZJ[c% � ' ]_^�`ba 0�:�' � ^ oLI 8 o6G � I K
� �1���Nu_� B �zd #&?���>+%7��#A' ��� f �� ����~\%�'Y!$#&?{f � BEZz!$#�?&DF��>�' k�ZJ[c% � V��iX �Qd ' ]_^�`ba N ' o 0 G � 8 o6G � oLK
� � Nt� � � k�!$% x Z&RT#&� ��>�'YfoRF�&DT� �"!_��Z���%+RT%�' h � x Z&#�RF% x Z���_;#�RTX ��>+%7RT� �!��  RF��# 8 oHG G GJK
� � 0 � � �\M RF��>+DTRF~Q' �/�=��� V��$%+RF#\�Y��>7�&' Pe�Jh !$> �7�&%�'=!$#&?Zk �\d��=� � #&%7� #A' ��� BEZ&��� � k�Z\[=% � ' ]�^Y`ba o�� :�'

I : N 8 o6G G � K
� � : �NMO�zu �z!$#&��' �$� (���J%'��)*+($,U-�.0*?��($1P)*?% ' 8q| ��} l�� >+~Q@ � � Z&#  RTDF��[�� � � #�%�' o6G : �JK
� � � ���=x Z\}E!$�&D�' �$� (���J%'��J%6*?�z.�-/.0*?��($1P � ' 8 �E��>7DFRT#A@ � �&>7RF#&�$��>�' I������JK
� � ^ � k ��u_� Xt!$# M �$#\[=#&��#\�&�&>+��'zV �=�����cx �$�7�H' k�Z�RFDF�$% �Jh >�!$#&% � V �&� � xt�c� � #�?&� #A' � ��> �cd ' ]_^Y`�a 0 o 'N G 0 8 o6G ^ �JK
� � G�� fo�$�"RT#&R �\�&� � �iX ��%��\�&�$' ��� M ���� ��RF%�'z�&>+RnXt!t��� x � �"�N�&#&R x !t��RT� #
� N ������� M ���� ��RF%�' ��� ��� k � | R �7����R �7��>�' ��� � h !HX$!t>+��%�' �/� ���Jh ��DF��?z! P !$�"�"!�'Ok�Z\[=% � VW��X � � ' ]_^Y`ba0�0c' N>� : 8 o6G G � K � ��� ���Jh !HXt!$>+��%�' �/�g�/�Jh ��DF��?&! P !$�"!�' k � v � B �Jh ��R : ��RT>�!�' ��� M ���� ��RF%�' ��� ��� k �

| R �7����R �7��>�'nk�ZJ[c% � VW��X � � ' ]_^Y`�a 0 I ' oHG o 0 8 o6G$G 0 K
� N o�� � ��P >+�$ZA' ��� foRF���+>+R x ZA' k�ZJ[=% � V��iX ��� ���7� � ' ]_^Y`ba � I ' IONJI I 8 o6G G NJK �c� �cP >7� ZA' ��� foRF�i��>+R x ZA'\RF#

� .'" � � ����2�(=*?�z.?%��b2�4e�02$��,F. ( %��1 � ���l�qp �$� (��m. 	 �z.02�� 
;8�� ?&% � B � B�! x�x !$���&' ��� M&k �$u !$#&%7��#A'
!t#&? PO�Q� �+��DTD)' | !t��� �cx RF��# x � � ��>7RF��%�' M DF�J}���>�'Qfo�$>+?&>7� x ZJ�H' o6G$G GJK

� N\IL� � �� !$RF%7� !t#A' � �$D � k�ZJ[=% � ' ]_^Y`�aUI 0c' N 0 8 o6G � �JK
� N>��� | � � � B�!$>7#z!$Zz!t#A' MO� � �Y� ��!$>+DTRF#&�&' ��� BEZ&��� � k�ZJ[=% � ' ]_^Y`�a 0 o ' : � 0 8 o6G : GJK
� NaNt�����Y�Y�zu )$[$�$' PO�Q� ����DFD�' � �� !$RT%+�"!$#A' � � D � k�ZJ[=% � ' ]_^�`bar�JI ' I�� G 8 o6G � : K
� N 0 �����Y�Y��u )$[ �t' ���Q���Q� ���Y�6}WRT�+�$' Pe�Y� ����DTD)' ��� BEZ���� � k�ZJ[=% � ' ]_^Y`�a : o ' � I 0 � 8 o6G � N\K ' PO�Y� �+��DFD�'

�Y� � �J� �&#A' ��� BEZ���� � k�Z\[=% � ' ]_^�`ba : � '�0 �1�1� 8 o6G � 0 K ' ���J�Y�Ju )$[$�$' PO�J� �+��DTD)' ��� BEZ&��� � k�ZJ[c% � '
]_^Y`ba : � '$0 ION 8 oHG � � K ' Pe�z� ����DFD)' ��� M ���� ��RF%�' k�Z\[=% � VW��X �zd ' ]_^Y`ba o :c' � 0 � 8 oHG � � K

� N : � l � V��$%+��# < ��DF?U' | �� �zd %+Z x >+� < ��' k�ZJ[=% � VW��X �zd ' ]_^Y`�aUI�� ' oLI�� ^ 8 o6G � �JK
� N � � � �Q��� V��$� ��>7%�'Qf �&d�� l�� �&#&�&' k�ZJ[=% � VW��X �zd ' ]_^Y`�ar��� ' G G G 8 o6G ^ N\K
� N ^ ��PO� � ��>�!$ZA' ��� k �Qu !t#&%+��#A' ��� BEZ&��� � k�Z\[=% � ' ]_^Y`�a ^ N ' IA�1� : 8 o6G ^�0 K



����� ��� � �����	��
�� 4��  
� NJGt� B � B�! x�x !$�"��' PO� kC��DTDFR x !$#&�t'�f � BE� %��0!�'Uf � k�RF#�R)' Pe�U� �+��DFD�' k�ZJ[=% � V��iX � � ' ]_^Y`�a : � ' 0�0 �1�

8 o6G G GJK
� 0 �t� B � B�! x�x !t�"�&'>k ���N��P RF!��\�&RF#J��!�' PO�5P RF�&#J��!�' ��� k�ZJ[=% � BE� #&?���#&% ��� !t�+�+��>�' ]_^Y`ba 0c'�� � 0

8 o6G G1�JK 'CB � B�! x�x !$�"��' k�ZJ[=% � V��iX � ��' ]_^�`ba 0 o ' �1� ^ � 8 oHG G 0 K 'CB � B�! x�x !$�"��' PO��P RF�&#J�0!c'
PO�Q� !$DT��% x RF��' � � D � k�Z\[=% � ' ]_^�`ba ^ N ' oLI 0 8 o6G G 0 K

� 0 o������Y���Qu )$[ �t' Pe�Y� ����DTD)' ��� BEZ&��� � k�ZJ[c% � ' ]_^Y`�a : � ' N1� G 8 o6G �$� K
� 0 I������Y���Qu )$[ �t' Pe�Y� ����DTD)' � � D � k�ZJ[=% � ' ]_^�`ba 0 I ' o�� � o 8 o6G ^ N\K
� 0 �t�����Y���Qu )$[ �t' Pe�Y� ����DTD)'cvm#\� �Y���zh Z&��>7�"�$�&ZJ[c% � ' ]_^Y`�a :�'�0�: o 8 o6G ^ 0 K
� 0 N$� f � k�RT#&R)' PO�Q� �+��DTD)'&V � foR x ~\�"!$#A' k�ZJ[=% � VW��X � � ' ]�^Y`ba 0 � ' I ^ : I 8 o6G G ^ K
� 0 0 � d�� �E� >+�$�$' ���Y���Qu )$[ �t' ��� BEZ&��� � k�ZJ[c% �Y]_^Y`ba o�� ^�' N 0 o : 8 o6G G � K
� 0�: ���/� � � ��RT%+Z&��>�'QVW��X �Y� �=? � k�ZJ[=% �Q]�^Y`ba � � 'P:�0 � 8 o6G G ^ K
� 0 � �����Y���Qu )$[ �t'Qf � k�RF#&R�' PO�Q� ����DFD�' k�ZJ[c%7R x ! d ' ]_^Y`baAI � G ' Ino�� 8 I������JK
� 0�^ � f � k�RT#&R)' PO�Q� �+��DTD)' ���Y�Y�Qu )$[$�$'zvm#J� �����&h Z&��>+��� �&ZJ[=% � ' ]_^Y`ba oHG ' o��JI$G 8 o6G G ^ K
� 0 Gt� f � k�RT#&R)' PO�Q� �+��DTD)' | � � �� RFDT?&RF#��&' � � D � k�ZJ[=% � ' ]�^Y`baUG 0c' N ^ � 8 o6G G ^ K
� : �t� f � k�RT#&R)' PO�Q� �+��DTD)' | � � �� RFDT?&RF#��&' ��� BEZ���� � k�Z\[=% � ' ]_^�`ba oao 0c' I � �JI 8 I���� oLK
� : o�� f � k�RT#&R)' P � � !$DTRF#A' dN� k�!t>+� DF!�' ��� VW�H!t�7��� 8 %7�&�&��RT�+�+��?����"BEZ&��� � k�ZJ[=% ��� ���+� � K
� : I��_����� ��>7DF�i�H' ��� M ���� ��RT%�' k�ZJ[=% � V��iX �zd ' ]_^�`ba 0c' G1� G 8 o6G � oLK
� : �t�����Y���Qu )$[ �t' Pe�Y� ����DTD)' � � D � k�ZJ[=% � ' ]_^�`ba 0 I ' o�� 0 � 8 o6G ^ N\K
� : N$�����A���Au )$[ �t' Pe�U� �+��DFD�' k�ZJ[=%+R x ! d ' ]�^Y`baCIONaN ' o � : 8 o6G G � K ' ���k����u )$[$�$' PO�A� ����DTD)' k�Z\[=%7R x !

d ' ]�^Y`baAI�N � ' NJG � 8 o6G G � K
� :�0 �����Y���Qu )$[ �t' dN� �E�$>+� �t' ��� BEZ&��� � k�ZJ[c% �Y]_^Y`ba o�� ^�'P^ ^ ��� 8 o6G G ^ K
� : : � | � _ �zd #�?&>+��%+��#U' d�� �E� >7� �$' ���Y�Y�Qu )$[$�$' ��� BEZ&��� � k�ZJ[=% �Q]�^Y`ba o o 0c' G o :�0 8 I���� oLK
� : � � � �&M RT��>+DTRF~Q' �/����� VW� %+RT#=�Y��>7�&' Pe�=h !t> �7�&%�' ����� �0!t� � k�ZJ[=% � ' ]_^�`ba ^ G ' Ino 0 8 o6G$G � K � q�,qp ]_^Y`�a

G N 'P^ � 0 8 oHG G GJK � q�,qp ]_^Y`ba o���� ' N\I=� 8 I������JK
� : ^ ������P >7� DFDF!$�A' � ��M RF��>+DTRF~Q' �/����� VW� %+RT#\����>+�&' PO�5h !$> �7�&%�'Hk�ZJ[=% � VW��X � � ' ]_^Y`�a : � ' N o oaoao

8 I���� oLK



��� � �����	��
 � 4��  �����
� : G����Y�YP >7� DFDF!$�A' �/�Q��� V��$%+RF#\�Y��>7�&' Pe��h !$> �7�&%�' k�ZJ[=%+R x ! d ' ]_^Y`�aUI$G :�' N : � 8 I���� oLK
��� ����d�� foR x ~\�"!$#A' PO�Q� �+��DTD 8 %+���&�"Rn�+�+��?���� � � D � k�ZJ[c% � K
��� o������Y�Y�zu )$[$�$' PO�Q� ����DFD�' � � D � k�ZJ[c% � ' ]_^Y`�ar�JI ' oHG 0 8 o6G � : K
��� IL� B �&� ��?&>7����� �7��~Q' PO�\dN�z� !$#&%+�=� >7R)' d�x ��!-k�ZJ[c% � k��$D �=d ' ]�^Y`ba 0 � ' o�� � 8 o6G ^ � K ' ���z��� �z� RFDT��%�'

| �� �Ud %+Z x >+� < ��' k�Z\[=% � VW��X �Ad ' ]_^Y`�a�ION ' N\ION 8 oHG ^ oLK ' ���kM � #&RT� >�'AB ��� ��?�>+����� �7��~Y' � � D �k�ZJ[=% � : � ' ]_^Y`�a : � ' :�0�0 8 o6G ^�^ K ' � � | � V��&?�RF%+RTDFD�' k �Uh�� BE���"��RF#&�$%�' � � D � k�Z\[=% � ' ]_^�`ba : ^�': I$G 8 o6G ^ GJK
��� �������  ��>7�+Z&��RT�{'�RF#�� h Z&� � �\�&RFDTRF�&>7RF�&� h Z&��� >�[ � < BEDr!$%7%+R x !$D���DF�&RT?&%�� 8 ��?&% �5u�� �Q>7RF% x ZA' ���

� �����6}WRT�+� K 'Q�Q>7� #J��RT��>+%3RT#��&ZJ[=%+R x %�'��E��# �+!$�"RT#A' 8q| �i} l�� >7~Y' oHG : N\K
��� Nt� V �Q��� ��! : �+��>�' d �&%�� ����� k�ZJ[c% � ' ]_^Y`�aUIno '$0�: � 8 o6G :�^ K
��� 0 � � �zd >+>+RT����!�'QB �Y� ��?�>+��� �7��~Q' MO� | �Y� !$>7%+ZA' ��� BEZ���� � k�ZJ[=% � ' ]_^�`ba�G 0c'P: ^ � : 8 o6G GnoLK
��� : ��PO� k�!$%7�+� >+�t' � � D � k�ZJ[=% � ' ]�^Y`ba 0�0c' o ^ � 8 o6G ^ ^ K
��� � �  � � �&d ����%�' � l ( .'� )*+($,�-�.'���z2�p�% �H2���43(�� ��q($,��� �o.'��.i1P��q($,$����l&(���)2�1 %_8q| ��} l�� >+~Q@ d;x !�M

?�����R x k�>+��%+%�' o6G � � K
��� ^ ��d�� BEZ&��#��&' �/�Q���QM DF��RT#A' k�ZJ[=% � VW��X � ��' ]_^Y`�a N 0c' o ^�^ G 8 o6G$GJI K
��� G��N���zd��QP RT>+R < !$D x �&' ��� k�ZJ[=% � BEZ&��� � ' ]_^�`ba�G 0c'$0 � � � 8 o6G$GJI K ' ]�^Y`baUG :�'P^�0�^ 8 o6G GJI K
� ^ �������zu��Y���zu !$� ��#A' � �Y�"� ��R �7��>�' PO� B �zd��Q� � �=� R ��'�f � �z>+��#�~$��D�' u�� | �� �z� ��~\~t��>+~t��>7~$��>�'

| !t����>+� 8 � � #&?�� # K ' ]�^Y`bae� :�0c' N\I 0 8 o6G G1� K
� ^ o�� | �� �zd %7Z x >7� < �H' | !t���&>7� 8 � � #&?&�$# K ' ]_^Y`bae� : 0c' � ^ � 8 o6G G1�JK
� ^ IL� � �Q� � ���&!�' | �YPO�&d DF�"!$>+��!�' ��� BEZ���� � k�ZJ[=% � ' ]�^Y`ba o ��� 'P^ � : � 8 o6G GON\K
� ^ ��� B � � �Qh � �7��>+�&' dN� f�! !$#�� �&#A' u�� | �  �Y� ��~\~t��>+~t��>7~$��>�' �/� ��!$�&%�' k�ZJ[=% � V��iX ��� ���7� � ' ]_^Y`ba

� � ' � 0 I 8 o6G G N\K
� ^ Nt��d�� BEZ&��#��&' �/�Q���QM DF��RT#A'zB � B�! x�x !t�"�&' k�ZJ[=% � VW��X �Q� ���+� � ' ]_^Y`ba � o ' oLI���� 8 o6G G1�JK
� ^�0 �N���Y� ��?&��>7� %�' PO� | !HXt!$% x �&��%�' k�Z\[=% � VW��X � ��' ]_^Y`�a 0 � ' o���� o 8 oHG G N\K
� ^ : � B � B�! x�x !t�"�&' k�ZJ[=% � VW��X � ��' ]_^Y`�a 0 o ' �=� ^ � 8 o6G$G 0 K
� ^ � �����zh !$�U' dN� k�!t>+� DF!�'&f � k�RT#&R)' ��� VW�H!��+����' k�Z\[=% � VW��X � � ' ]_^�`ba 0 I ' I : NaN 8 o6G G 0 K



���P� ��� � �����	��
�� 4��  
� ^ ^ � B � B�! x�x !$���&'Qf � BE�$%7�0!c' dN� �z� x RTDF�t' ��� BEZ&��� � k�ZJ[=% � ' ]_^Y`ba o�� :�' I 0 0 8 o6G G � K
� ^ Gt���/�tu !t%+��� !6}E!�' MO� 9 Z&#&�&' ��� BEZ&��� � k�ZJ[=% � ' ]_^�`ba o oao '�0 G 0 0 8 o6G G$GJK ' ]_^�`ba oao<� ' N1� o 0 8 I������JK
� G��t� d��k��� B � �z��>7>+��RF>�!c' �����/� k�! x Z&� x �&' ��� k � k�>�!�����%&MbV�!$�"!$DFZ&��' ��� BEZ���� � k�Z\[=% � ' ]_^Y`�a>oao�� '

� � ^ 8 I������ K
� G o����/� B �Ud ��>�!$���&'kB � B�! x�x !$�"��'kf � BE�$%7�0!c' Pe� k���DFDFR x !$#��$' � �&>7� �&ZJ[=% ��� ���7� � ' ]_^�`ba 0 N ' N : ^

8 I���� oLK
� GJI�� �N� v ��� �&���6XY' � � DT� xt�Q� !t�+��> � ' ]_^Y`�a o�� ' � ^ 0 8 I������JK
� G1�t� k � ����P Rr!��\�&RT#\��!�' PO��P RT�&#J�0!�' k�ZJ[=%+R x ! 8 d ��%7����>+?z!t� K ' ]_^Y`ba o ^ � d ' o@N 0 8 o6G G I K ' k � �N�

P Rr!��\�&RT#J�0!�' Pe�QP RF��#\��!�' ��� k �YP RF!$>+>7RT�7�0!�' k�ZJ[c% � VW��X �zd ' ]�^Y`ba N 0c'P: G :�: 8 o6G GJI$K
� G N$������ � kC��>+>+!$�y' � � D � k�Z\[=% � ' ]_^�`bar��� ' o 0 � 0 8 o6G � 0 K
� G 0 � B � � �zh � �7��>+�&' ��� ��!$�&%�' k�ZJ[=% � VW��X � � ' ]_^�`ba 0 � ' N ^ I o 8 o6G G ^ K
� G : �����Qu ! < #&��>�' � ��2 ( � ( ( �,��m2�1Pq($1 %��m2O4H��(�%6. ��q(����+( ( %o8 �E��>7DFRF#U@ � �&>7RF#&� ��>�' oHG ^ � K
� G � ��PO�Q� �+��DFD�' �/�Qu �����"��>�' ��� BEZ���� � k�ZJ[=% � ' ]�^Y`ba 0�:�' N\I � N 8 o6G � I$K
� G ^ �_��� �EDT�&�{' ���Y���Qu )t[ �$' ���Y� �0!t� � k�Z\[=% � ' ]_^�`ba o6G ' � o � 8 o6G � ^ K
� G Gt� B � B�! x�x !$���&'Qf � BE�$%7�0!c' Pe� kC��DTDFR x !$#&�t' ��� BEZ&��� � k�ZJ[=% � ' ]_^Y`�a o�� G ' NaNJG ^ 8 o6G G ^ K
� o����t� V �Q��� ��! : �+��>�' ��� BEZ&��� � k�Z\[=% � ' ]_^Y`�a 0 I ' N 0�0 G 8 o6G � �JK
� o�� o�� � �zd >+>+RT����!�'QB �Y� ��?�>+��� �7��~Q' MO� | �Y� !$>7%+ZA' ��� BEZ���� � k�ZJ[=% � ' ]_^�`ba ^ :�' � : � � 8 o6G ^ � K
� o��JI�� B � B�! x�x !$���&' PO�YP RT�&#J�0!�'YB �Yu � Z&��RT%+��D)' k�ZJ[c% �U� �i�+� �Qd ' ]�^Y`bamo 0�^�' �JI 0 8 o6G$G oLK 'zB � B�! x M

x !$�"��' Pe�zP RT�&#J�0!�' � � D � k�ZJ[=% � ' ]�^Y`ba � ^�'P^ � 8 o6G$G1�JK
� o��1�t���Y������P >+��� � !$#�? Me�5���  �5� RF#��&'H� p�%62�� ����)2�1����Ql�� ��(=*0. � ��.+(/($1Yp 4W2���2L%'���
w8 � � #&?&�$#A@

d;x !$?&���"R x k�>+��%7%�' o6G ^ I K
� o�� N$� � � �E>+� x Zz!$>7? !t#&? k � PO� ?&� P ��#&#���%�' ��� k�ZJ[=% � 8 k�!$>+RT% K�� ���7� � ' ]�^Y`ba N N ' � ^�0 8 o6G ^ �JK
� o�� 0 � � � k�RT��!$>+?U' ���\��� VW� %7RF#\����>+�&' PO�\� �+��DFD�'\!$#&? Pe�Jh !$> �7�&%�' k�ZJ[c% � VW��X �=� ���7� � ' ]_^Y`ba � N ' N1� : o

8 o6G G 0 K
� o�� : �_���Y� �$#&���7���$' d��Q� RF�A'z!t#&? Pe�Y���zP >7��%7��' k�Z\[=% � VW��X �zd ' ]_^Y`ba N :c' � : : N 8 o6G GJI$K
� o�� � � V � � Xt!$#&%�' ��� k�ZJ[=% � @�BE�$#&?&��#�% ��� !t�7����>�' ]_^�`baUI '$^ G ^ G 8 o6G G�� K



��� � �����	��
 � 4��  �����

� o�� ^ �N���&dN�YP RTX$��#A' k�ZJ[=% � V��iX �zd ]_^Y`ba N 0='P^ o : 8 oHG GJI K
� o��$Gt�N���&dN�YP RTX$��#A' ��� BEZ���� � k�ZJ[=% � ' ]�^Y`baUG :�' I I ^ � 8 o6G GJI$K
� oao �t�N�/�Q��� V��$%+RF#\�Y��>7�&' Pe��h !$> �7�&%�'Q!t#&? Pe�Y� �+��DTD)' ��� BEZ���� � k�ZJ[=% � ' ]_^�`ba o���� '$0 o � I 8 o6G$G 0 K
� oao o�� � �YM RF��>+DTRF~Q' �/�Y��� V�� %7RF#\�Y��>+��' PO�Qh !t> �7�&%�'�!t#&?Kk �A� �$#&%+� #U' ��� BEZ&��� � k�ZJ[c% � ' ]_^�`ba;o��=� 'NJI 0�: 8 o6G$G 0 K
� oao6I�������dN� �Q!$#J��R)' � � f �$P DF!$#&?���'$!$#�?  �JPO� � !t?&?&��#U' ��� BEZ&��� � k�Z\[=% � ' ]_^Y`�a\G1� '�0 G N 0 8 o6G$G��JK
� oao<�t� � �U� � ���z!�' ���Ud��kP RTX ��#A' PO�k� ����DTD)' ���k���� ��RF%�'U!$#&?�f �U� �iX ��%��\�&�$' k�ZJ[=% � VW��X � � ' ]_^Y`baN ^�' I=�1� 8 o6G G1�JK
� oao@N$�_dN�Q� ��>+� #�R)'Qf �z� ��X$��% �=���$'A!t#&? ���Y���� ��RF%�' ��� BEZ&��� � k�Z\[=% � ' ]_^Y`�a o�� 0c' oao�� o 8 oHG G : K
� oao 0 � B � � ���J!�'cV � f �=M !t�"RT#&%+~J[ 'c!$#&? k �=dN��� � #&%7� #A' ��� BEZ&��� � k�Z\[=% � ' ]_^Y`bazG G ' �����1� 8 o6G$G1�JK
� oao : ��Me�z��� k�!$�$��!t#&? k �zdN�Q� � #&%+�$#A' k�ZJ[=% � VW��X � � ' ]_^�`ba 0 N 'zV I$G 8 o6G G : K
� oao � � V � f �AM !t�"RT#&RF%7~\[w!$#&? k �kd��C� � #&%7� #A' k�Z\[=% � VW��X � � 0 N 'CV I$G 8 o6G G : K k�ZJ[c% � ' ]_^�`ba�G 0c'

ItG1� : 8 o6G$G oLK
� oao ^ � f �Q�/� �z� >+?y!$#�? � � f �YP Dr!$#�?��H' ��� BEZ&��� � k�Z\[=% � ' ]_^Y`�a o���� ' I=� G o 8 oHG G N\K
� oaoHGt�N�/���d DnX$!t>+���t'zf �z� ��X$��% �=���$'A!t#&? ��� M ���� ��RF%�' k�ZJ[=% � VW��X � � �P� '�0 NJG 0 8 o6G G GJK
� oLI��t� � ��u >+RT�z!$>�' 9 � k�RT��RF��' d���h >+� ~\ZJ[=� x Z\�&~Q'�!$#&? ��� � DF! x ZJ[ ' ��� BEZ&��� � k�ZJ[=% � ' ]_^Y`�a o��$G '

I�N ^ � 8 o6G$G ^ K
� oLI o��N�/�Y��� �z��>7#z!$�&?A' � �Q� � ���&!�'z!$#&? ��� M ���� ��RT%�' k�ZJ[c% � V��iX � � ' ]_^Y`�a : N ' � 0 o 0 � o 8 I���� o6K
� oLI$I�� � � k�!$% x Z�RF#&� ��>�!$#&? Pe�zM !$Z�D)' k�ZJ[=% � V��iX � � ]_^�`ba : o '�0 �JI�� 8 I������JK
� oLIA�t� � � k�!$% x Z�RF#&� ��>�'�f �k� ��X ��%��\�&�t' P ��>+Zz!t>+? M !tZ&D)'�!$#�? ��� M ���� ��RT%�' � ��>+� �&ZJ[=% ��� ���7� � ' ]_^Y`ba0�0c' o � ^�M o ^ � ' 8 I����noLK
� oLI�N$�NPe��M !$Z&D�' � ���cx Z��� DFD M&k�!t% x Z&RT#&� ��>�' dN�C� !$#&�&' � � #z!���%+Z�� < ��� < ��&>�BEZ&����RF� ]_^Y`�a o��JI ' o$N o�� Mo@N>�JI 8 I���� oLK
� oLI 0 �N�/� ���YP RFDTDr!$#U' � � D � k�ZJ[=% �Q]_^�`bar� ^�' o � ^ o 8 o6G � GJKi�
� oLI : �N���Q� !$�&RF~Q' d��Q� !$DTR �7�iXc%7~J[ 'Q!$#&? k ��� �$#&~�!�' � � D � k�ZJ[c% �Y]_^Y`ba 0�:c' � � G 8 oHG ^�0 Ks�
� oLI � � | � � �� RTDF?&RT#&�&' k�ZJ[=% � VW��X �k� ���7� �Y]�^Y`ba � ^�' o$N ^ ^ 8 oHG G � K ��k�Z\[=% � VW��X � � ]_^Y`�a 0 0c' : : ION

8 o6G G � K





���������
	,� D��� D � D ��� �
h Z&�W}�� >+~O}E!$%E%7�&�&�Y� >7�+��? �J[e��Z����z� #&?�����>E� ��$>+?&��>+�&#&��?&��>�}WRF%7%+��#&% x Zz! < ��DFR x Z&��# �Q�$>+% x Z\�&#��

8 �  � K �&#&?&��> k�>7� �7� x � | � �  ��� N !$#&? !�� >+!$#J����Z�>+� �&�$Z �+Z&�4k�>+�$� >�!$������? + d�x ��RF�$#&%�vm#J�
�
� >
�
����%

d��{d f � _ ���
� �z!tDFDF��>+��>+%7�5� �� x ZJ�+�3R x Z�!$DFDT��#�?&!$#&~$��#A'=?&RF�3��R x ZORT#O?&��#�DF�i�����+��# � !$Z&>7��#��&#J����>+%7��������i��Zz!$�Y��#A'

X � >�!tDFDF���	�"��RF#&��� � !$#&# � �J! x Z�RF� �cx Z��� DTD < ��&>�?&RF� < >+� x ZJ�+�z!$>+� � ��%�!$���"��#z!$>7����RT�;�&#&? ����RF#���>
�Y!t�"RTDFRF� < ��&>3?&��# V �� x ~\Zz!$DT� �

�E��%+� #�?&��>7%5����?z!$#&~t�ER x ZN��R x Z_����R P ��>7Zz!$>+? M !$Z&D < ��&>�?&RF��� >7���J!$>���RF�$���E���+>+�����&#&�o?&��> d >+�Y��RT��'
%+��RT# >+��� ��% vm#\�+��>7��%+%7��!$# RTZ&>+��� �Q�$>7��� !$#&�&'�%+��RT#&� < ! x Z&DFR x Z&��# u RFD < ��%7�+��DTDF�&#&�$��#A'�?&RF� d �&%7Dr!$#�?&%"M
!$� < ��#J�+Zz!$DT�+��RT#Kk�!$>+RT%;�&#�?wRF# | �i} l�� >+~Q'Y?&RF�_��>��"RT>W?&�&> x Z %+��RT# � #&�J!t� ������#J�o��>+� �� � DTR x ZJ�WZz!t�
�&#&? %7��RT#&� ��&����>3?z!$%��Q! x Z&DTR x Z&��Z&RT#z!$�&%7� ��Z���#&?&�_�Y��>+% �� #&DTR x Z&�_�z>+���&#&?&% x Zz! < � �

v x ZO�Y��?z!t#&~$�3��R x ZN!$� x ZO�Y��Rnk�>7� < �5u ! < #&��> < ��&>�?�RF� < ! x Z&DFR x Z&����#&?��z#z!$#���RF��DFDT��_�#\�+��>7%7������+���&#��
X � # � ��Rn����# ?&��%  RT%+%7��#&% x Zz! < ��%7~$� DTDF��� % � BE� ���&����!t��RT� #z!$D � !t����>+RF!$DF% �=x RF��# x ��+ �

� ���&��RF% �7�E?
�
��%7RF>+�E>+������> x RT��>5fo�$�"RT#&R �\�&� � ��X ��%��\�&�W��� � �H!$#nM � ! x �\�&��%  ��RF%��Y� �&>�DF����>5! x�x �&��RFD

!$� � !$�Y� >�!���� RT>+��?&� k�ZJ[=%+R �\�&� h Z
�
��� >+R �=��� 8 _�#&RTX$��>7%+RT�

�
��?�� k�!$>+RT%"M � �&?A' 9 >7%�!H[ Ki��� �_DF��%;>7������> x RF�

��� ��>W�+� ��� x � �\� + RFDT%3� + � #J�W��#�%+��RT� #
�
�_�z!$>3DT���&>3� : �

�
��>+RT��# x � �

�z�&>���Z&��> v�}�� �&DF? DFRF~t�y�+� ��Z&!$#&~ P ��� >+� � � �+��DFD < � >���Z&�{%7��RT���&DF!t��RT#&��?&RF% x �&%7%+RF�$#&%�!$#&? Z&RF%
Z&� %+��RT�0!tDFRT�m[ ?&�&>+RT#&� ��[ %7�0!H[ !t����Z&� fo���z!$>�������#J�"� < BEZ&���"RT%7��>�[ 8 � ��!t��� _;#&RnX ��>+%+Rn�m[ � < | �i}l�� >+~�!�� � ��� #J[y�E>7�c�$~Y' | ��} l�� >+~ Ki�

v�!$��!$DF%7� X ��>7[ �$>�!t�+� < �&DC����f�!HX=RF?&�-k�RT#&R < �$>o�&>+�6X=RF?�RF#&� Z�RF%���>+� � >+!$� < � >���Z�� � B 9 �Ud < � >
u B l %�[c%������"%W!$#�? � �&� � ���z! < � >��&���+�+RF#&��! x � �J["� < Z&RT%�RT#\�+��� >+!$DY� �\�z!t�+RF� # x �c?�� < � >���Z&��V 9 �
� �\�z!t�+RF� #&%�!t�W��[�?&RF%7���$%�!$D �



� ������� � � � �� ��� � �	�

��  � ^����z`��������
| !$���$@ � DFRT%�!$�Y���+Z � !$>7Rr! �cx Z��� DTD M)k�!$% x Z&RF#&�$��>
f�!���� !$#&? �&DF! x � � < �&RT>7��ZU@ I$Gc��� �&DFR oHG � N '  RF��# 8 d �&%7�+>+RF! K
| !t��RT� #z!$DTRT�m[Y@ d �&%7�+>+Rr!t#
� !$>+Rn�0!$D�%7�0!����&%�@ �"!$>+>7RF��? }WRT��ZyfoRT�&D � Mmvm#&� ��� �J! x Z�RF� �cx Z��� DFDk�>7RTXt!t��� !t?&?&>+��%+%�@ � ��&>7� ��>7%+�&Rn�0!$DT�J!$%7%+� I$G�� ION

d M o�� : �  RF��#

�����! ���#" ^��%$ &'� ��� " �(

oHG ^ � M o6G ^ N k�>+RT� !$>�[ % x Z&�c�$D � !t����> � !$DTXt!t�+� >+RT%�'  RF��#

oHG ^ N M o6G G I P [c��#z!$%7RF�&� � !t�+��> � !$DnX$!���� >7RF%�'  RF��#

oHG GJI M o6G G$G � �+�&?&RF��%WRF# h � x Z&#&R x !$D k�ZJ[c%7R x %�' h � x Z&#&RT% x Z&� _;#&RnX ��>7%+Rn� �!t�  RT��#
foRF��DF� �"!���Z���%+RT%�@$� � ��>7� x �+�&>�!$D�!t#&? h Z&��>7�"�=?�[=#z!$��R xk�>+� �Y��>���RT��%W� < ��DF�&RT?&%�RT# kC� >+�$�&% � ��?&RF! + 8 %7�&�Y��>7X=RT%+� >�@�fo> ��Pe�&M !tZ&D K

oHG G N M � �+�&?&RF��%WRF# h � x Z&#&R x !$D � !t�+Z&���"!t�+R x %�' h � x Z&#&RT% x Z&� _;#&RnX ��>+%+Rn� �!t�  RT��#

oHG G G M k�Z � f � %7����?&��#J��!t�3��Z&� vm#&%���Rn����� < ��&> h Z&��� >+�i��RT% x Z&� k�ZJ[=%+RT~Q'
h � x Z&#&RT% x Z&� _;#&RnX ��>+%+Rn� �!t�  RT��#


