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efGWI]L ` gmL+U�K `W� \ e�I [ T�n q U�I `oc(`o\]`oc K qQ`Wc~[ T�n g I `oc ` T�K \]`oa I q K � U"KQI+K c GJL+KQI]TfGWP � GWT Y LVU�K
I+K \ L-g I `oc GWT ` L+U�KQI � U�KjI+K efG0LVKQI]TfGWP ��	 � U"K I+Kje�I+K \ KQT�LVGJL [S` T ` T L+U�K b�` L+L `oc I [ noU�L [S\ T ` L�L `
\+q GJPRK ��[ T LVUfG0L�noKjT�K qQ` T v KQI \+[R` T \ L
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(i) no crossover

(ii) crossover

(i) no crossover

(ii) crossover

MESELSON−RADDINGHOLLIDAY

C [ n a I]K � 	 y � � U�K�I]K qQ`Wc b�[ T�GJL [S` T c(`8Y KQP \	` g�N ` PSP [SY G t � ��� { � � PRKMg L �9GWT Y 
 K \ KjP \+` T � � G Y�Y�[ T�n
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N ` PRP [RY G t c~`8Y KQP � I+K qQ`oc b�[ TfG0L [R` T \ L_GWI^L \ � [ LVU G)T [Rq � ` T ` T�K \ LVI+GWT Y ` g�K G q U U `Wc~` P ` n �
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L ` � [R[ � q I `o\+\]` v KQI�	 F KQT�K qj` T v KQI \+[S` T e ` L+KQT�L [ GWPRPit `8qQqja I \ v8[ G c([R\+c GJL q U qj` I+I]K q L [R` T 	 �
T L+U�K
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U `oc~` P ` n � LVU�K�� U [ LVK \ L+IVGWT Y � �!Y�[R\ e�P G qQ[ T"nkG � p �kP `;` e(GWT Y~b K [ T�n qQ` I]I+K q LVK Y�b t [ L \	qj`oc e�PRK �
c KQT�LVGWI]t \ LVI+GWT Y � I]K \+a PSL [ T�n [ T G \ t c(c KMLVI [Rq p � X � � U [Sq U c G t�e�I `Wc~` L+K noKQT"K qj` T v KQI \+[S` T 	
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GJPRP ` � [ T�nHg ` ImG I+Kjn [R` T ` g \ t c(c KMLVI [Rq p � X �;b KMg ` I+K b K [ T�n I]K \+` P v K Y��G P G N ` PRP [RY G t � \6c(`;Y KQP �
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p � X �<`8qQqja I \k[ T ` T"K \ LVI+GWT Y)` T=KQG q U ` g7LVU"K(L � ` q U"I `oc(`o\+`Wc K \ G0LHL+U�K \ G c K \ e ` L � GWT Y

G �+N ` PRP [RY G t B]a T q L [R` T � � ` IkK�� q UfGWT�nWK�e `o[ T�L b KML �7KjKQT)L+U�K L � ` \ LVI+GWT Y�\��*[R\ g ` I c K Y 	 N ` �

LVU [S\2B]a T q L [S` T [R\ I+K \]` P v K Y �"` I qQa L ��Y KMLVKjI c([ T�K \ � U�KjL+U�KQI q I `o\]\+` v KjI `;qjqQa I \ [ T�L+U�K�e�I `;Y�a"q L \

` I~T ` L 	 �
T GWT�t q G \ K � . F I F+' / 7 � $�KMF����"O�� �6Y KMhfT�K Y G \ G q U�I `oc(`o\+`oc K \ KQn c KjT!L � U `o\ K

L � `~\ LVI+GWT Y�\�qQ` T�LVG [ T p � X c GJL+KQI [ GWP#g I `oc \ KjefGWI+GJLVK \+`oa I q K \ ��U"KQI+K ` T�K \ LVI+GWT Y qQ` T�L_G [ T \

c GJL+KQI]TfGWP p � X GWT Y LVU"K ` LVU�KjI \ LVI+GWT Y efGJL+KQI+T�GWP p � X � [S\ g ` I c K Y GWT Ydqj` I+I]K q L+K Y � K [ L+U�KQI
I+K \]a PSL [ T�n [ T=noKjT�K qj` T v KjI \+[S` T ` IHT ` L�	 X � qQ` I]I+K q L [S` T � I+Kjg KjI \ L ` \ t8T q U�I ` T [R|j[ T�n LVU�K L � `
\ LVI+GWT Y�\ ` g�G \+[ T"noPRK q U�I `Wc~`o\]`oc K�L ` b K�GWe"e�I ` e"I [ G0LVKQPit qQ`oc e�PRK c KjT�L_GWI^t b G \ KjefG [ I \ 	 C ` I

K��"G c e�PRK � g ` I C [ n 	 � 	 y � [ � �![ g GJPRP LVU�K qj` P ` I c~[S\+c GJL q U"K \ �6KQI]K qQ` I]I+K q LVK Y L ` b P G q � � LVU�K�I]K \]a PSL
� `oa P Ydb KHG noKjT�K qQ` T v KjI \][R` T ` T�L ` LVU�K � U [ LVK q U�I `oc~`W\+`oc K 	

p � X L+IVGWT \ g KQI �mG \-qQ` T \][RY KjI+K Y \ t c~c KjL+I [Sq [ T LVU [S\-c(`;Y KQP � \]` LVUfG0L � g ` I�K���G c e�PSK � LVU�K

n�GWe)PSKjg L b t [ T \ KjI]L [ T�n G efGWI]L ` g LVU"K�efGJL+KQI]TfGWP p � XD[ T�L ` L+U�K c GJLVKjI+TfGJP q U"I `oc(`o\+`Wc K [R\

hfPRPSK Ydb t�LVU�K Y�[S\ e�PRG q K Y U `Wc~` P ` n `oa"\m\ K q L [S` T ` g*L+UfGJL c G0LVKQI]TfGWP q U"I `oc(`o\+`Wc K�� \ KQK C [ n 	 � 	 y
� [ � GWT Y � [S[ � � PSKjg L ��	 � U�K~T�KjL I+K \+a PiL ` g6LVU [S\ \ t c~c KjL+I]t [R\ LVU�GJL K v KjI]t e `o\][ L [R` T=GWP ` T�ndLVU�K

noKQT�KML [Sq I]KQn [S` T�UfG \ G y � y \ LVIVGJT Y I+GJL [S` ` gse�GJLVKjI+TfGWP � L ` � c GJLVKjI+TfGJP noKjT�KjL [Rqkc GJLVKjI [ GJP �8b KMg ` I+K
GWT Y GJg LVKjI-LVU"K(I]K qj`oc b�[ TfGJL [S` T K v KQT�L�	 X noKQT�K qj` T v KQI \+[S` T q GWT ` T�Pit `8qQqQa I [ T LVU [R\ c(`;Y KjP

b t qQ` I+I+K q L [R` T \]a�q U=G \ L+UfGJL Y K \+q I [Rb K Y G b ` v K
	 � L \ U `oa P Y b K T ` LVK Y LVUfGJL qQ` I]I+K q L [S` T Y�` K \

T ` L	GWP �mG t \&`;qjqQa I � I+K \]a PSL [ T�n [ T(G b KjI+I+GWT�L&toK G \ L	e�I `8Y�a�q L \ 	sw)K Y�` T ` L Y K GWP � [ LVU c(`;Y KjP [ T�n

LVU [S\ a T qQ` I+I+K q L+K Y � [ T Yd` g p � XZ[ T�LVU [S\ LVU�K \+[S\ 	


 K \ KjP \]` T�GWT Y � G Y"Y�[ T�n � � � � � �&P GJL+KQI9I+K v8[R\ K Y N ` PSP [SY G t � \9c~`8Y KjP�L ` G qQqQ`Wa T�Lmg ` I	K��;e KjI �
[Rc KQT�L_GWP*K v8[RY KjT q K �s[ T [ L [ GWPRPit [ T toKQG \ L � LVU�GJL T ` L GWPRP&U�KMLVKjI `8Y�a e�PSK�� p � X �7G \ \ t c~c KjL+I [Rq 	

� U�K [ I c(`8Y KQP GJPRP ` � \ g ` I G \+c GWPSPmI+Kjn [R` T ` g p � X L `=b K Y�[R\ e�P G q K Y$[ T ` T"K U `Wc~` P ` n b t

LVU�KdI+K qQ`oc b�[ TfG0L [R` T � [ T [ L [ GJL [ T�n %(, � G�7&%(, 0 S I6' G&,�7 ` g-L+U�K ` LVU�KjI U `oc(` P ` n 	 � U a�\(` T�PSt ` T�K
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LVU�KjT � \ P [RY K \ � GWP ` T�n L+U�K q U�I `oc(`o\]`oc K~G �mG t=g I `oc L+U�K [ T [ L [ G0L [ T"n \+[ L+K 	 � U�K~n�GWe PRKjg L ` T

LVU�K [ T v G Y"[ T�n \ LVI+GWT Y g I `oc [ L \ T [Rq � \+[ L+K efGWI^L �mG t L ` LVU�K \][ LVK � U"KQI+K L+U�K N ` PSP [SY G t B]a T q �
L [R` T [R\ I+K \+` P v K Y � qja L � [S\ I+KQe�G [ I]K Y b t [ L \ ` � T qQ`oc e�PRK c KjT�L_GWI^t \ LVIVGJT Y � I+K \+a PiL [ T"n [ T G 	 � �
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� U"K c~`8Y KQPsGWP \]` GWPRP ` � \ g ` I GWT=GWI]K G ` g \ t c(c KMLVI [Rq U�KMLVKjI `8Y�a e�PSK�� p � X G \ [ T N ` PRP [RY G t � \

c(`8Y KQP � U�KQI]K [ T b KML �7KjKQT�LVU�K�KQT Y�` g LVU [R\ I]KQefG [ I+K Y I]KQn [S` T GWT Y LVU�K qQ` T�L [ T a�[ T"n \ P [RY K ` g L+U�K

N ` PRP [RY G t B]a T q L [S` T � \ KQK C [ n 	 � 	 y � I [ noU�L ��	 C [ TfGWPSPSt � GWT�GWP GWn `oa�\ L ` N ` PSP [RY G t � qj` I+I]K q L [R` T q GWT
`8qQqja I ` T c~[S\+c GJL q U"K \7b KjL �6KQKjT \ LVI+GWT Y�\7` T K G q U ` g<LVU�K�e�I `8Y�a�q L q U�I `oc~`W\+`oc K \�� I]K \+a PSL [ T�n

[ T��"� z b�[ G \9` g LVU�K [ T v G Y�[ T�n \ LVI+GWT Y � noKQT"K qj` T v KQI \+[S` T
� ` I qj` I+I]K q L [R` T b G q � L ` y � y � T ` noKjT�K
qj` T v KjI \+[S` T
��	

� ` LVK LVU�GJL [ T L+U�K q G \ K ` g ��� z qQ` I]I+K q L [S` T � LVU"K I+K \]a PSL [ T�n c K [S`o\+[S\sq U�I `Wc~`o\]`oc K e�I `8Y�a�q L \
GJI+K 	 L ` � [ T�g G vo` I ` g L+U�K [ T v G Y�[ T�n q U�I `oc(`o\+`oc K 	 � U"K \+[R\ LVKjI q U�I `oc GJL [RY ` g�L+U�K [ T v G Y�[ T�n
q U"I `oc(`o\+`Wc K ��[ TdG Y"Y�[ L [R` T�L ` K G q U ` g LVU�K�L � `~q U"I `oc(`o\+`Wc K \ [ T vo` P v K Y [ T LVU�KkI+K qQ`oc b�[ TfG �
L [R` T � UfG v K�LVU�K p � X ` g<L+U�K [ T v G Y"[ T�n q U"I `oc(`o\+`Wc K
	 �
T qQ` T�L+IVG \ L � L+U�K \+[S\ L+KQI q U"I `oc GJL [SY ` g

L+U�KkT ` T � [ T v G Y�[ T�n q U�I `Wc~`o\]`oc K I+KjLVG [ T \ [ L \ ` � T p � X 	
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 K \ KjP \]` T(GWT Y � G Y�Y�[ T�n

����� � � � c(`;Y KQP 	 C ` I�K��"G c e�PSK � [ L~g G [ P \ L ` K��;e�PRG [ T K��;e KjI [Sc KjT!L \ LVUfG0L \+a nonoK \ L [ L [R\ L+U�K

[ T v G Y�[ T�n \ L+IVGWT Y � LVU�K \ LVI+GWT Y L+UfGJL GJe�e KQGWI \ L ` [ T [ L [ GJL+K L+U�K�I]K qQ`Wc b�[ T�GJL [S` T � LVUfGJL \ KjK c(\ L `

c(` I]K ` g L+KQT noKML I+Kje�P G q K Y � [ LVU nWKQT�K qj` T v KjI \+[S` T GWT Y T ` L7LVU"K ` LVU"KQI �7G t�GWI `oa T Y � � K � I+Kjt \
GJT Y � K a�c GJT�T � yWzWz�y � � � [SqQ` PRG \ KML GWP 	 ����� � ��� ��	 � U�K �]e�I]K \ KjT�LVPSt c~`W\ Lmg G vo`Wa I+K Y � � 
 ` KQT \��

yJzoz 	 � c~`8Y KjP	L ` Y GJL+K \ KjK c(\ L ` b K(LVU�K Y"`oa�b PSK � \ LVI+GWT Yxb I]K G�� � p � � � c(`;Y KQP ` gO� |j`o\ LVG��
KMLOGWP 	 � � � � 	 � � GWP \+` g ` I c a PRGJLVK Y�`oa L ` g `ob"\ KQI v GJL [S` T \ ` T tWK G \ L b"a L LVU�K ` I [S| K Y L ` K��8LVKjT Y L `
U [ noU�KjI � ` I Y KjI K a �0GWI^t ` L+K \ 	 C [ n 	 � 	 	 [ PRP a�\ L+IVGJL+K \ L+U�K b G \][Rq qQ` T q KQe;L \H` g6L+U [R\ c(`8Y KQP 	 X n�G [ T
L � ` \ KQe�GWIVGJL+K ��Y�`oa"b PRK � \ L+IVGWT Y K Y U `oc(` P ` n \ � e�GJLVKjI+TfGWPsGWT Y=c GJL+KQI]TfGWP �OGWI+K Y Kje [Rq LVK Y ��` v KQI
� U [Rq U I+K qQ`oc b"[ TfGJL [R` T [R\ `8qQqja I [ T�n � C [ n 	 � 	 	 � X 29\+[S\ L+KQI q U�I `oc G0L [RY"\ GWI+K GJn�G [ T `Wc~[ L+LVK Y ��	
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T�LVU [S\�c(`;Y KjP �6b I+KQG�� \ GWI+K q I]K GJL+K Y ` T b�` L+U \ L+IVGWT Y�\ ` g L+U�K I]K qQ`Wc b�[ T�GJL [S` T [ T [ L [ GJL [ T�n

q U"I `oc(`o\+`Wc K � GWT Y G noGWe [R\ KQT�PRGWI+noK Yx\+a I+I `Wa T Y�[ T�n LVU�K b I+KQG�� � C [ n 	 � 	 	 � � ��	 � U [S\ n�GWe [S\

I]KQefG [ I+K Y a�\+[ T�n LVU�K qQ`Wc e�PSK c KQT�L_GJI]t \ LVI+GWT Y(` g [ L \ U `Wc~` P ` n � I+K \]a PSL [ T�n [ T n a GWI+GWT�LVKQK Y noKjT�K

qj` T v KjI \+[S` T � GWT Y L � ` �+N ` PRP [SY G t B]a T q L [R` T \ � GWI+K g ` I c K Y � C [ n 	 � 	 	 � ����	 X-\ [ TBLVU"K KQGWI+P [ KjI



�

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

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

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

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

������������ ��������������������

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

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

)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�))�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)�)*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�**�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*�*+�++�+,�,,�,-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�./�/�//�/�/0�0�00�0�0
1�1�1�1�1�11�1�1�1�1�11�1�1�1�1�12�2�2�2�2�22�2�2�2�2�22�2�2�2�2�2
3�3�3�3�3�34�4�4�4�4�4

5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�55�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�5�56�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�66�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�6�67�7�77�7�78�8�88�8�89�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9�9:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:�:;�;;�;<�<<�<

=�=�=�=�=�=�=�=�=�=�=�=�=�=�=>�>�>�>�>�>�>�>�>�>�>�>�>�>

?�?�?�?�?�?�?�?�?�?�?@�@�@�@�@�@�@�@�@�@

A�A�A�A�A�A�AA�A�A�A�A�A�AB�B�B�B�B�B�BB�B�B�B�B�B�B
C�C�C�C�C�C�CD�D�D�D�D�D�D

E�E�E�E�E�E�E�E�E�E�E�E�E�E�EF�F�F�F�F�F�F�F�F�F�F�F�F�FG�G�G�G�G�G�G�G�G�G�G�G�G�GH�H�H�H�H�H�H�H�H�H�H�H�H�HI�I�II�I�II�I�IJ�J�JJ�J�JJ�J�J
K�K�K�K�K�K�KK�K�K�K�K�K�KL�L�L�L�L�LL�L�L�L�L�L

M�M�M�M�M�M�M�M�M�M�MN�N�N�N�N�N�N�N�N�N�N

O�O�O�O�OO�O�O�O�OO�O�O�O�OO�O�O�O�O
P�P�P�P�PP�P�P�P�PP�P�P�P�PP�P�P�P�PQ�Q�QQ�Q�QR�R�RR�R�R

S�S�S�S�S�S�S�ST�T�T�T�T�T�T U�U�UU�U�UV�VV�V
W�W�WW�W�WX�XX�XY�Y�Y�Y�Y�Y�Y�YY�Y�Y�Y�Y�Y�Y�YZ�Z�Z�Z�Z�Z�ZZ�Z�Z�Z�Z�Z�Z
(ii)(i)

(a)  crossover (b)  gene conversion

paternal
maternal

D

B

C

A

E

C [ n a I+K�� 	 	 � � U"K Y"`oa�b PSK � \ LVI+GWT Y � b I+KQG�� � p � � � I+KjefG [ I c~`8Y KjP7g ` I I]K qQ`Wc b�[ T�GJL [S` T$G \ K�� �
e�P ` I]K Y [ T tWK G \ L 	 p a I [ T�n c K `o\][R\�� LVU"K L � ` U `oc(` P ` n `oa�\�q U"I `oc(`o\+`Wc K \ � efGJL+KQI+T�GWP GWT Y
c GJL+KQI]TfGWP ��GJP [ nWT �\[ ��	 � G q U q U"I `oc(`o\+`Wc K � \H\+[S\ LVKjI q U"I `oc GJL [SY [S\k`oc~[ L+L+K Y g I `oc L+U [R\Hq GJI �
L `8` T 	 X b I+KQG�� `;qjqQa I \ U�KQI]K ` T�LVU�K efGJL+KQI+T�GWP q U"I `oc(`o\+`Wc K ��] � 2 LVU�K I+K \]a PSL [ T�n n�GWe [R\
I+KQe�G [ I]K Y a�\+[ T�n [ L \ c G0LVKQI]TfGWP�U `oc(` P ` n �_^ ��	 � g	LVU"K L � ` I+K \+a PiL [ T"ndN ` PSP [RY G t B]a T q L [S` T \ � [ �
GWT Y � [S[ � �_^ � GJI+K qja L [ TxGWT ` e�e `o\][ LVK c GWT"T�KQI � K 	 n 	 �&\+a�q UBL+UfGJL � [ � [S\ qja L ` TxL+U�K `oa L+KQI
\ LVI+GWT Y�\ GWT Y � [R[ � ` T LVU"K [ T�T�KjI \ LVI+GWT Y�\ �-LVU�KjI+K � [ PSP b K(G q I `o\]\+` v KjI �\` � � G � ��	 � g6L+U�Kjt GWI+K
qQa L [ T LVU�K \ G c K c GWT�T�KjI � K 	 n 	 � [ �&GWT Y � [R[ � b�` L+U qQa L ` T~L+U�K [ T�T�KjI \ LVIVGJT Y�\ � � L+U�KQI]K � [ PSP b K
T ` q I `o\+\]` v KQI �\` � � b � ��	 � U�K c~[S\+c GJL q U�K \mb KjL �6KQKQT \ LVIVGJT Y�\ ` T L+U�K \ G c K q U"I `oc(`o\+`Wc K-GWI+K
I+KQe�G [ I]K Y � I+K \]a PSL [ T�n [ T PSK \+\7` I c(` I+K�noKQT�K qQ` T v KjI \][R` T �f` I6LVU"Kjt�GJI+K�T ` L � I]K \]a PSL [ T�n [ T ` L+U�KQI
L
t;e�K \	` g#G b KQI+I+GWT�L	e�I `8Y�a�q L \ 	sN�KQI]K-GJPRP"I]KQefG [ I \ GWI]K [ T g G vo` I ` g�LVU"K c GJL+KQI+T�GWP�U `oc(` P ` n �\a ��	
)$I . G&, � S I / I . Fcb F3"*$ G 0 F /edgf 'HG&, ��K %(,<D I$G . K G�S�G ) / 7 F K d / ' I . %MS %()4G 0 F /



�

c(`8Y KQP \�� LVU�K c GJT�T�KQI9LVU"K \ K B]a T q L [R` T \ GWI]K-I]K \+` P v K Y Y KMLVKQI c~[ T�K \ � U�KjL+U�KQI q I `W\+\+` v KQI `8qQqQa I \

[ T(L+U�KOe�I `8Y�a�q L \	` I9T ` L � C [ n 	 � 	 	 � p ��	 � U�KOg ` I c GJL [S` T ` g . F I F+' / 7 � $�KMF�� �"O�� [ T LVU�KOI+Kjn [R` T \

�fGWT � [ T�nOLVU [S\ GJI+K G �W[ 	 K 	 I+Kjn [R` T \ � [ LVU GOn�GWe ` T ` T�K \ L+IVGWT Y ` g�L+U�K7I]K qQ`Wc b�[ T�GJL [S` T [ T [ L [ GJL [ T�n
q U"I `oc(`o\+`Wc K b�a L*T ` L ` T LVU�K ` LVU"KQI \ LVIVGJT Y �oq GWT I+K \+a PiL [ T c([R\+c GJL q U�K \ ` T L+U�K7L � `�\ L+IVGWT Y"\ 	

� U"K(I]KQefG [ I ` g	LVU"K \ K c([R\]c GJL q U�K \ G0g LVKQIkN ` PRP [RY G t B]a T q L [S` T I+K \]` P a L [R` T G � K q L \ L+U�K \+[S| K ` g

nWKQT�K qj` T v KQI \+[S` T)K v KQT�L \ GWT Y n [Sv K \ LVU�K hfT�GWPse�I `;Y�a"q L \ � C [ n 	 � 	 	 � � � � ` T"K ` g � U [Rq U c~[ noU�L
b KkefG \]\ K Y GWP ` T�n L ` GWT `W� \ e�I [ T�n [ TdL+U�KkT�K��8L�noKQT"KQIVG0L [R` T 	

����� ���-� �  ��
�  �&� 
�� 	 � � 
� ���� 	�� � ��	��
��	 ��� � ����� ��������� 	������ �&�
 	��

 
!	� !% 
 ,5I�' / 7 � 4 I�% / ,

� U `oa noU G c(`8Y KQPsU�G \kb KjKQT)e"I ` e `o\ K Y)b t=� |j`o\ LVG�� KjL GWP 	 � � � � 	 ��L ` K��"e"P G [ T L+U�K e�I `8q K \+\
b KQU [ T Y noKQT"K qj` T v KjI \+[S` TxGJT Y q I `o\]\+` v KjI � G c(`;Y KjP*LVU�GJLHUfG \k\+a I v8[Sv K Yx` v KjIHL �6KQT�L
t toKQGWI \

� [ LVU)g K�� c G B]` I q UfGWT�nWK \��	c GWT�t)l a K \ L [S` T \ I]K c G [ T 	 C ` I K��"G c e�PSK � LVU"K�IVGJL+K \ GJL � U [Rq U

L+U�K \ K p � �7\~`;qjqQa I � GWT Y U ` � ` g L+KQT L+U�Kjt�GWI]K I+K \+` P v K Y G \ noKjT�K qj` T v KQI \+[S` T \ v KjI \]a�\ G \

q I `o\]\+` v KjI \�� UfG \ T ` L7toKML b KjKQT L+U ` I `Wa noU�Pit~K��;e�P ` I]K Y 	 C a I^LVU�KjI c(` I+K � P [ L]LVPRK [S\ �!T ` � T G b `Wa L
L+U�K v GWI [ G b�[ P [ L
t(G q I `o\]\ LVU�KknoKjT `oc K ` g�L+U�KkIVGJL+K \ ` g LVU�K \ KHe�I `8q K \+\ K \ 	

� K q KQT�L \ L_GJL [R\ L [Rq GWP9GWT Y K��;e�KQI [Rc KQT�L_GWP9GJTfGWPSt \ K \ UfG v K \ U�K Yx\+`oc K P [ noU�L ` T=e�I ` e�KQI^L [ K \

` g U a"c GWT q I `W\+\+` v KQI IVGJL+K \�� K 	 n 	 LVU�K Y KjL+K q L [R` T ` g q I `o\+\]` v KQI �]U ` L \ e ` L \ � [ T U a�c GJT \ b t

� K � I]Kjt \ KjL GWP 	�� yJzoz � � � �7I+G � g ` I Y KjL�GWP 	�� yWzoz � � � 
 q �9KQGWT KML GWP 	 � yWzWz � ��	 N ` �6K v KQI �oc a�q UHPRK \+\
[S\ �!T ` � TdG b�`oa L7noKQT�K qQ` T v KjI \][R` T 	 �
T�g G q L � B]`o[ T�L6K \ L [Rc GJL [R` T ` g<LVU"K-L � ` U�G \ e�I ` v KQT�l a�[ LVK
Y"[A@(qQa PiL [ TkI+K q KjT!L \ L a�Y�[ K \ � K 	 n 	 C I [R\]\ K&KjL*GWP 	 � yWzWz � � � w)GWPSP
� yWzWz � � ��	s�!L [ PSP [ L \ KQK c~\ e�I `ob G b PSK
g I `oc \+`oc K I+K q KQT�LOK��;e�KQI [Rc KQT�L_GJL [R` T~LVUfGJL qQ` T v KjI \][R` T \O`8qQqQa I c~` I]K ` g L+KQT�LVU�GWT q I `W\+\+` v KQI \

[ T)G0L PSK G \ L \]`oc K�GWI+KQG \H` gmLVU"K�noKjT `oc K�� �mGWI+e�KQT�LVKjI � � � ��� � � � K � I]Kjt \ GWT Y 
 G t � yWzoz � � ��	
C I [R\+\ K�KML GWP 	 � yJzoz � � qQ` T q P a�Y K [ T)L+U�K [ I \ L a�Y�[ K \ L+UfGJL q KQI]LVG [ T \ � [ T Y�\ ` g�� \ U ` I]L I+GWT�noK 	 	 	

Y GJL_G c G t PSK G Y L ` [ T v GWP [SY=[ T"g KQI]KQT q K \ G b `Wa L e ` e a P GJL [R` T U [S\ L ` I [ K \k[ gmnWKQT�K qQ` T v KjI \][R` T [S\

T ` L�LVG��WKjT [ T�L ` G qjqQ`oa T!L�	 � �
T Y KjK Y3X T Y�` PSg GJL]L ` GJT Y � ` I Y�b�` I+n ����� � � � q PRG [Rc L+UfGJL �]GJL
[ T�LVIVGJnoKQT [Sq Y�[S\ L_GJT q K \�� nWKQT�K qQ` T v KQI \+[R` T � I+GJLVU�KjI LVUfGJT q I `o\]\+[ T"n � ` v KjI �	[R\ P [ �WKjPSt=L ` b KdL+U�K



�

Y�`oc([ TfGWT�L�g ` I q K7LVUfG0L b I+KQG�� \&a e(G \+\]`;qj[ GJL [R` T \ G c(` T�n \+[ LVK \ 	�� r9I | K�� ` I \ � [ GWT Y w)GWPRP � yWzWz � �
g `oa T Y LVUfG0L L+U�K Y GJL_GdP [ �WKQP [ U `8`8Y g ` I LVKQT U a�c GJT P `;qj[&a T Y KjI LVU"K [ I c(`;Y KQP�� [ T q I]K G \ K \ � � �
g ` P Y � [ L+U LVU�K [ T q P a�\][R` T ` gmnoKjT�K qQ` T v KjI \][R` T � � GWT Y �mGWI]e KjT!L+KQI � ������� �-T ` L+K \ LVU�KjI+K [R\ GWT
�]K vW` P a L [R` T�GWI]t-e KjI \+[S\ L+KQT q K ` g;U [ nWUHg I]KQl a KQT qQ[ K \�` g�noKjT�K qj` T v KjI \+[S` T � [ LVU `Wa L q I `W\+\+[ T�n ` v KQI �
[ TkK a �0GWI^t ` L+K \ 	 } g�efGWI^L [SqQa PRGWI [ T�L+KQI+K \ L [R\ LVU"K	I]KQPRGJL [iv K9IVGJL+K ` g�noKjT�K qQ` T v KjI \][R` THL `Oq I `W\+\+` v KQI �
Y KQT ` LVK Y G \ � U�KQI]KmGWT Y [ T ` LVU�KjI*P [ LVKjIVGJL a I+K � � U [Rq U e"I ` v8[RY K \ GWT [SY K G ` gfU ` � ` g L+KQT N ` PSP [RY G t

B]a T q L [R` T \ GWI+KkI+K \+` P v K Y G \ G noKjT�K qj` T v KjI \+[S` T I+KQPRGJL [iv K�L ` G \ G q I `o\]\+` v KjI�	

� KQP ` � �7K b I [ K �"t \+a�c(c GWI [S| K \]`oc K ` g;L+U�K �WKjt qj` T�LVI [Rb�a L [R` T \ g I `oc e K Y�[ noI]KQK	GWT Yk\ e KjI c

GWTfGWPit \][R\ L ` `oa I a T Y KjI \ L_GWT Y"[ T�n ` g LVU�K I]K qQ`Wc b�[ T�GJL [S` T�e�I `8q K \+\ 		w K LVU�KjT \]a�c~c GWI [R| K�LVU�K

c KMLVU `8Y�\ GJT Y I+K \+a PiL \m` g \+`oc K ` g<LVU�K \ L_GJL [R\ L [Rq GWP�GWe�e�I ` G q U�K \ LVU�GJL a L [ P [R| K $ / $ � K GJI6% / , 7 GJI�G

L ` \ L a�Y t�I+GJLVK \ ` g q I `W\+\+` v KQI�GWT Y noKQT�K qj` T v KjI \+[S` T 	6r ` e a P GJL [R` T Y GJL_G qj` T \+[S\ L \O` g q U"I `oc(` �
\+`oc K \OqQ` PSPRK q LVK Y g I `oc a T�I]KQPRGJLVK Y [ T Y�[Sv8[RY"a GWP \ IVGWT Y"`oc Pit \ G c e�PSK Y g I `oc G(e ` e a P G0L [R` T 	 �
T

�7UfGWe"L+KQI \ y ��� � �6K e�I ` e `o\ K~G�T�K�� c K GWT \ ` g6GWTfGWPit |j[ T�n�e ` e a P GJL [R` T Y GJL_G L ` K��"e"P ` I]K LVU�K

I+K qj`oc b�[ TfGJL [R` T e"I `8q K \]\ 	

� ,�GJK '�S+%MS��0S+%(, 0 Q F17&% 0 ' F F S

� GJI+noK � \+q GWPRK q I `W\+\+` v KQImG q L [iv8[ L
t ` v KQI c Kjn�G b G \ K \ � 
 b � �!` I c([ PSP [R` T \�` g b G \ KQe�G [ I \�� UfG \9b KQKjT
\ L a"Y�[ K Y K��8LVKjT \+[iv KQPit b t \ K v KQI+GWP c KjLVU `;Y�\*a�\+[ T�n Y GJLVG�g I `Wc I]KQPRGJLVK Y [ T Y"[Sv8[RY�a GWP \�[ T g G c~[ P [ K \��

[ 	 K 	 $5F17&% 0 ' F F 7 GJI�G 	��8L a"Y t [ T�n q U"I `oc(`o\+`Wc K \ g I `oc�c K c b KjI \O` g9G�e�K Y"[ noI]KQK GWPRP ` � \O` T�KHL `

[ T"g KjI q I `o\]\+` v KjI \ LVU�GJL-U�G v K `8qQqQa I+K Y G q I `W\+\ G(I+Kjn [R` T G \ nWKQT�KML [RqHc GJLVKjI [ GJP [R\ efG \+\ K Y g I `oc

` T�K nWKQT�KjIVGJL [R` T L ` L+U�K T�K��8L 	 u \+[ T�n \]a�q U Y GJLVG �#q I `o\]\+` v KjI�IVGJL+K \ U�G v K b KQKQT \ KQKjT L `~v GWI^t

\+a�b�\ L_GWT�L [ GWPSPSt ` v KjI c KQn�G b G \ K \]q GWPSK \ 	 C ` I K��"G c e�PSK ��� ` T�n(KjL-GWP 	 � yWzoz�y �7g `oa T Y q I `o\]\+` v KjI
IVGJL+K \ L ` v GWI]t�g I `oc z 	 �HL ` 	 	 � q KjT!L [Rc(` I+noGWT \ � q 
 � e�KQI 
 b GWP ` T�n q U�I `oc(`o\]`oc K 	 � � U"KQI+K
� 4 F+,5I�%() / ' 0 G&, e KjI 
 b I+Kjg KjI \ L ` � GWe"e�I ` � [Rc GJLVKjPSt � G � � e"I `ob G b�[ P [ L
t ` g q I `o\+\]` v KQI�e�KQI

c K [R`o\][R\-b KjL �6KQKjT L � ` q U"I `oc(`o\+`Wc GWP�P `8q GJL [R` T \ G c KQn�G b G \ K GWe�GWI]L�	 N ` �6K v KQI ��q I `o\+\]` v KQI \

GWI+KHI+KjP GJL [Sv KjPSt�I+GWI+KJ� I+Kjn [R` T \ � [ LVU \]a�b�\ L_GWT�L [ GWP q I `W\+\+` v KQI G q L [iv;[ L
t [ T U a"c GWT \-c([ noU�L ` T�Pit

UfG v K G q I `W\+\+` v KQI g I+Kjl a KQT q t ` g G b `Wa L z 	 zozozWz � �Jb e 	 � U�KQI]Kjg ` I]K � e K Y�[ nWI+KQK Y GJLVG � � U [Rq U

qQ` T \][RY KjI \ ` T�PSt G g K�� c K [S`o\+[S\ K v KjT!L \ e KjI g G c([ PSt ��[S\ qja I+I]KQT�LVPit ` T"PSt a�\ KMg a P [ T \ L a�Y t [ T�n



� z

q I `o\]\+` v KjI ` v KQI LVU�K \ K c Kjn�G b G \ K \+q GWPRK \ 	

r�GJL+L+KQI+T \m` g<noKjT�K qj` T v KjI \+[S` T�GWI]K qj` T \+[SY KQI+G b Pit c~` I]K Y"[A@(qQa PiL6L ` \ L a�Y t � [ LVU�e�K Y"[ noI]KQK

Y GJL_GkLVUfGWT~efGJL]LVKQI]T \7` g q I `o\+\]` v KQI GJI+K 	 X-\ � [ LVU q I `W\+\+` v KQI � �]noKQT"K qj` T v KQI \+[S` T�K v KQT�L \m`8qQqja I
K��8LVI+K c KjPSt IVGWI]KQPit e�KQI b G \ K7efG [ I \+` L+UfGJL Y�[ I+K q L c K G \+a I]K c KQT�L \&` g L+KQT I]KQl a�[ I]K7LVU"KmK��"G c([ TfG �
L [R` T ` gsG e�I ` U [Rb"[ L [iv K�T a�c b KjI ` g c K [S`o\ K \ � � rsLVG�� KjL�GWP 	 � yWzoz ����	 �
T G Y�Y�[ L [S` T � L+U�K P [Sc~[ LVK Y
G v G [ P G b PSK [ T;g ` I c GJL [S` T \+a nonoK \ L \ LVUfGJL noKjT�K qj` T v KjI \+[S` T \ L
t8e [Sq GWPSPSt qQ` v KjI G \]c GJPRP&GWI]K G [ T

U a�c GWT \�� e�KQI+U�GWe \ ` T"PSt � � ��y � z b e e KjI K v KQT�L � � K � I]Kjt \ GWT Y 
 G t � yWzoz ����	 � U"KQI+KMg ` I+K � G \

e�K Y"[ noI]KQK Y GJLVG qja I+I]KQT�LVPit UfG \ I+K \+` P a L [S` T ` T�Pit ` T LVU�K \+q GWPRK ` g c KQn�G b G \ K \�� LVU�K \ L a�Y t ` g

nWKQT�K qQ` T v KQI \+[R` T a�\][ T�n e�K Y�[ noI+KjK Y GJL_G [R\ [ T"g K G \+[Rb PRK 	

� ,�GJK ' S+%MS��0S+%(, 0 D $5F+'-) � ' $�%(, 0

� U"K�P G b�` I+GJL ` I^t LVK q U�T [ l a K ` g S!$5F+'-) I ' $�%(, 0 noKjL \ GWI `oa T Y�\+a�q U Y�[ @(qQa PiL [ K \6b t qQ` T \+[RY KQI [ T�n
L+U�K(e�I `8Y�a�q L \H` gmLVU `oa�\ GJT Y�\H` g c K [R`W\+[R\ K v KjT!L \ GJL G L [Rc K � GWPSP ` � [ T�n g ` Ikh�T�K � \+q GJPRK \ L a"Y t
` v KQIOU a T Y KQI]K Y�\�` g b e 	 X@\ e KjI c \ G c e�PSK qQ` T�LVG [ T \ LVKjT \O` g�L+U `oa�\ GWT Y�\O` g . G+$�K / %�7 c K [S`o\+[S\

e"I `8Y�a�q L \ g I `oc G \+[ T�noPSK [ T Y"[Sv8[RY�a GWP � � U�KjI+KHG UfGWe�P `o[RY�[R\m` T"K q U�I `Wc~`o\]`oc K-g I `oc G U `oc(` P �
` n `oa�\ efG [ I�	 � U"K \ e�KQI c GWI+K GWTfGJPSt | K Y a�\][ T�n�GWPRPSKQPRK � \ e K qQ[ h q r ` Pit c KQI+G \ K �7UfG [ T � K G q L [S` T

� r � � �	L+K q U�T [ l a K \ L ` Y�[ I+K q LVPit `Wb�\ KjI v K b�` LVU q I `W\+\+` v KQIOGWT Y nWKQT�K qj` T v KjI \+[S` TdK v KQT�L \ 	 u \ �
[ T�n \+a"q UxGWTfGJPSt \+[S\�� K��;L+KQT \][Sv K v GWI [ GJL [S` T [ T q I `W\+\+` v KQIHIVGJL+K \ UfG v K b KQKQT `ob�\ KQI v K Y)` T v KQI^t

h�T�K \]q GWPSK \9[ T \+`Wc K I+Kjn [R` T \&` g#L+U�KOnoKQT `Wc K �8\]a�q U G \ L+U�K 
 G B]` I	N [S\ L `;qj`oc e�GJL [Sb�[ P [ L
t � `oc �
e"PRK�� � 
 N ��� � GWT GWI+KQG LVU `oa noU�LmL ` b K [ T vo` P v K Yd[ T�L+U�K PSt c e�UfGJL [Rq-\ t \ LVK c � � K � I]Kjt \ KjL GJP 	 �

yJzoz � ��	 � U�K c G B]` I [ L
t ` g#LVU�K q I `W\+\+` v KQI K v KQT�L \ [ T~LVU [R\ I+KQn [R` T�GWe�e�K GWI	L ` b K q P a�\ LVKjI+K Y�[ T�L `
T�GWI+I ` � I]KQn [S` T \6` g�G b�`oa L�� �^y � [ P `ob G \ K \ � � b ��		� a�q UdGWI]K G \ GWI+KOLVKjI c K Y q I `o\]\+` v KjI .�/ I S!$ / I S�	
N ` L \ e ` L \ UfG v K U [ noU"PSt v GJI [ G b PRK [ T!L+KQT \][ L [ K \ 2 LVU�K�h v K U ` L \ e ` L \([ TBLVU�K 
 N �Eg `oa T Y$v8[ G

\ e KjI c GWTfGJPSt \+[S\~` g�K [ nWU!L u ��[ T Y�[Sv8[SY�a GWP \ UfG v K GWT�t � U�KjI+K g I `Wc � z L ` � zozoz L [Sc K \ L+U�K
K \ L [Rc GJLVK Y q I `o\]\+` v KjI-G q L [iv8[ L
t ` g*I]KQn [S` T \ `oa L \+[RY K�LVU�KkU ` L \ e ` L \ 	

C a I^LVU�KjI c(` I+K � GWTfGWPit \][R\<` g ` T"K \+a�q U 
 N � U ` L \ e ` L � q GJPRPRK Y �"O�� � � I]K v KQGWPRK Y L+U�K&U ` L \ e ` L

L ` UfG v K G \]a�b�\ LVGWT�L [ GWP	G c~`Wa T�L ` gmnoKQT�K qQ` T v KQI \][R` TxG q L [Sv8[ L
t=G \ �7KjPRP � e�I `ob G b PSt b K q G a�\ K

� O � � [R\ I]K GWPSPSt G�U ` L \ e ` L*g ` I Y�`oa�b PRK � \ L+IVGWT Y � b I]K G�� \ 	 �
T g G q L � � [ L+U [ T L+U�K �"O�� � U ` L \ e ` L �



� �

noKQT�K qQ` T v KjI \][R` T �7G \ `ob�\ KQI v K Y L `�`8qQqja I � � � � L [Sc K \-c(` I+K ` g LVKjT LVUfGWT q I `o\]\+` v KjIkK v KjT�L \��
[ 	 K 	 ��� � � � � ��[ T)L+U�K~L � ` c KjT \ L a�Y�[ K Y � � K � I+Kjt \ GWT Y 
 G t � yWzoz ����	 XD\+[Sc~[ P GWI I]KQPRGJL [iv K

IVGJL+K ` g�noKjT�K qQ` T v KQI \][R` T�L `=q I `o\+\]` v KQI��mG \ `ob"\ KQI v K Y [ T�GWT ` LVU�KjI 
 N � U ` L \ e ` L(K��"G c �
[ T�K Y�[ T ` T�K c GWT �8q GJPRPRK Y � 0 � " � � K � I+KMt \ GJT Y 
 G t � yWzWz � ��	*N ` �6K v KjI �f[ T�GWT ` L+U�KQI �!T ` � T
q I `W\+\+` v KQI9U ` L \ e ` L ��q GWPRPSK Y O 
 �  � GWP \]` LVU `oa noU�L&L ` b K G�U ` L \ e ` Lsg ` IsnoKjT�K qQ` T v KQI \][R` T � nWKQT�K
qQ` T v KjI \][R` T `8qQqQa I+I+K Y G b `oa L�g `oa I-L [Rc K \ KMF S S ` g L+KQT L+UfGWT q I `o\+\]` v KQI \�� [ 	 K 	���� � � � �<[ T LVU�K
` T�K c GJT \ L a�Y"[ K Y g ` I b�` LVU � � K � I]Kjt \ GWT Y � K a�c GWT�T � yWzWz�� ��	~� [Sc~[ P GWI]PSt � � �mG \ � � ��	d[ T
G U ` L \ e ` L ��q GWPSPRK Y D &���� � [ T LVU�K e \ K a�Y"` G a L `o\+`oc GWPse�G [ I [ T�n I]KQn [S` T ` T LVU"K \ K�� q U"I `oc(` �
\+`oc K \ � � K � I+KMt \ GWT Y 
 G t � yWzWz � ��	 �
T toKMLHGWT ` L+U�KQI�U ` L \ e ` L [ T LVU�K�� � noP `ob"[ T noKQT�K I+KQn [R` T
` T q U�I `oc~`W\+`oc K � � � � �7G \ K \ L [Rc GJL+K Y L ` b K
	�� � � y [ T ` T�K c GWT � N ` PSP ` �7G t(KML GWP 	 � yWzozo{ ��	
� U [R\mY"[R\ e�GWI [ L
t [ T�� G q I `o\+\ L+U�K \ Kkg `Wa ImU ` L \ e ` L \ b I [ T"n \ma e G l a K \ L [S` T G \ L ` � UfG0L K��8LVKjT!L

� v GWI [ K \ noKQT `Wc K � � [RY K ��[ T GJT Y `Wa L ` g�U ` L \ e ` L \ 	

� U"K \ efGJI \ K [ T"g ` I c GJL [R` T �6K UfG v K ` T LVU�K b G \ KjefG [ I qQ` v KjIVGWnWK ` g noKQT"K qQ` T v KQI \][R` T K v KQT�L \

[ TdU a�c GJT \�� �!T ` � T G \ L+U�K4I6' G 4 I KMF+, 0 I . �fqj`oc K \ g I `oc \ e KjI c L
t8e [ T�n � � U [Sq U UfG \O`Wb�\ KjI v K Y

G v KQI+GWnoK PSKQT�nWL+U \ L `Bb K GWI `Wa T Y � � ��y � z b e � � K � I]Kjt \ GWT Y 
 G t � yWzoz � ��	Z�8L a�Y t [ T"n)LVI+G q L

PRKQT"nWLVU [R\ nWI+K G0LVPSt G � K q L+K Y b t�LVU�K Y KjT \+[ L
t ` g*nWKQT�KML [Rqkc GWI �JKQI \�� � U [Sq U g ` ImL+U [R\ L+U�K \][R\ � [ PSP
b K9G \]\+a�c K Y L `Ob K D %(, 0 KMF�O � 4 KMF / I�%�7 F�Q / K '�) / ' $ . %() S )�DPO Q�S / � [ T�L+U�K9I+KQn [R` T b K [ T�n \ L a�Y�[ K Y 	
� � r \ GWI]K \+[ L+K \ L+UfGJL&UfG v K�G0L9PRK G \ LsL � `kY�[S� KQI]KQT�L9T a�q PSK ` L [RY K \ e�I+K \ KQT�L [ T L+U�K q U�I `oc~`W\+`oc K \
` g [ T Y�[iv;[SY�a GWP \7\ G c e"PRK Y g I `oc G e ` e a P G0L [R` T 	&N [ noU g I+Kjl a KQT q t � � r \�� ` T"K \ [ T � U [Sq U b�` LVU
T a"q PRK ` L [SY K \O`8qQqQa I � [ LVU GWe�e�I]K qQ[ G b PSKHg I]KQl a KQT q t [ T G(e ` e a PRGJL [S` T ` g q U�I `oc(`o\+`oc K \�� `;qjqQa I

I `oa nWU�PSt � K v KQI]t�� b [ T U a"c GWT \ ` T G v KQI+GWnoK
	 � K � I+KMt \ GJT Y 
 G t � yJzoz � � K \ L [Rc GJLVK Y LVI+G q L
PRKQT"nWLVU \�[ T L+U�K 
 N � � � U [Sq U UfG \ G qj` T \][RY KjIVG b Pit U [ noU�KjI Y KjT \+[ L
t ` g � � r \ LVU�GWT LVU�K�� � e�KQI
� b noKQT `oc K � � [SY K	G v KQI+GWnoKmGJT Y L+U�KQI]Kjg ` I]K6LVU"K6e ` LVKjT�L [ GJPog ` I b KML+LVKjI*e�I]K qj[R\+[S` T [ TkLVIVG q L�PRKQT"nWLVU
K \ L [Rc GJL [S` T 		N ` �6K v KQI �#\+`oc K q G a L [R` T [R\ T�K q K \+\ GJI]t � G \ LVU�K 
 N � [S\ LVU `oa noU�L�L `~b K a T Y KQI

\ KQPSK q L [Sv K e�I]K \+\]a I+KdGJT Yxc G t=UfG v K g K GJL a I+K \�� I+K qQ`oc b�[ TfG0L [R` T ` I ` LVU"KQI � [S\ K � LVUfGJL GWI+K~T ` L

L
t;e [Rq GJP ` g#L+U�K�nWKQT `oc KOG \ G � U ` PRK
	9�8L [ PRP � K � I]Kjt \ GJT Y 
 G t � yWzoz ��� \+a nonWK \ L \ L+IVG q L6PSKQT�nJLVU \
GWI+KHnoKQT"KQIVGJPRPSt \]c GJPRP GWT Y L+UfGJL �^LVU"K ` T�Pit I+K G \+` TfG b PSt q PSK GWIOK v8[SY KQT q K g ` IOP ` T"n qQ` T v KQI \+[R` T
LVIVG q L \ [ T�U a"c GWT \Oqj`oc K \ g I `oc IVGWI]KknoKQI c P [ T�K�I]K v KQI \][R` T \O` g*LVI [ e�PSKjL I]KQe�K GJL K��;efGWT \][R` T \ 	 �



� y

p K \ e [ LVKkLVU�K G Y"v GWT q K \�[ T `oa I a T Y KQI \ L_GWT Y�[ T�n ` g&I+K qQ`oc b�[ TfG0L [R` TdL+UfGJL \ e�KQI c GWT�GWPSt \+[S\

U�G \ e�I ` v8[SY K Y � LVU [S\ � [ T Yx` g�� Y�[ I]K q L � PRG b�` IVGJL ` I]t � b G \ K Y � K \ L [Rc GJL [S` T ` g noKQT"K qQ` T v KQI \][R` T
I+GJLVK \�� GWT Y q I `o\]\+` v KjI ` T�K \�` v KQI�h�T�K � \+q GJPRK \���[S\ L+K q U�T [Sq GWPSPSt q UfGWPSPRKjT�n [ T"n)GWT Y K��8LVI]K c KQPit

PRG b�` I [S`oa�\�� K v KQT g ` I G \+[ T"noPRK P `;qja�\ � � wxGWPSP � yWzoz ����	 � U"KQI+KMg ` I+K [ L q GWT"T ` L b K(I]K GWP [R\ L [Rq GWPRPit
e�KQI^g ` I c K Y ` v KjI-P GJI+noKkI+Kjn [R` T \ GJT Y [S\ L+U�KQI]Kjg ` I]K qja I+I]KQT�LVPit [ T"g K G \+[Rb PRK L `(a�\ KHg ` I \ L a"Y t [ T�n

nWKQT `oc K � � [RY KHIVG0LVK \�` g&I]K qQ`Wc b�[ T�GJL [S` T 	 X T ` LVU�KjI-P [Rc([ L_G0L [R` T ` g \ e KjI c GWTfGWPit \+[R\O[R\ LVU�GJL [ L

[S\ TfG0L a I+GWPRPit ` T�PSt I+Kje�I+K \ KjT!LVGJL [iv K ` gOI+GJLVK \ [ T c GWPSK \ 	 � U�KQI]K [R\ K v;[SY KQT q K g I `Wc e�K Y"[ noI]KQK

\ L a�Y"[ K \ LVUfGJL q I `W\+\+` v KQI IVG0LVK \�v GJI]t b KML �7KjKQT c GWPSK \ GWT Y g K c GWPSK \ � � ` T�n�KML GWP 	 � yWzoz�y ��	 �
T
G Y�Y�[ L [R` T �f\+a�q U Y GJL_G [R\ g I+KQKkg I `Wc \ KQPSK q L [Sv K e�I]K \]\+a I]K \ LVU�GJL c G t b K G q L [ T"n ` T G q U�I `oc(` �
\]`oc K � \ h�LVT"K \+\ 2 e KjI+UfGWe \&\+`oc K7n�G c KMLVK \*`ob�\ KjI v K Y([ T \ e KjI c L
t;e [ T�nkGWI]K7T ` L&I+Kje�I `8Y�a�q L [Sv KQPit

v8[ G b PRK
	 C ` I \]a�q U)I]K G \]` T \�� L+U�KQI]K UfG \kb KjKQT \+a�b"\ L_GJT!L [ GWP [ T�LVKjI+K \ L [ T Y K v KQP ` e [ T�n c KMLVU `8Y�\

g ` I I+K qj`oc b�[ TfGJL [R` T�K \ L [Sc G0L [R` T�GJL LVU"KHe ` e a P GJL [R` T�PSK v KjP 	

 
!	� !#" � ,�GJK '�S+%MS��0S+%(, 0�� %(, �JG 0 F � %MS F�� � % K %�"3'-% � ) � $�$�' / G 4 . F S

r ` e a PRGJL [S` T Y GJLVG qQ` T \+[R\ L \ ` g q U�I `Wc~`o\]`oc K \ qQ` PRPRK q L+K Y g I `oc a T�I]KQP G0LVK Y$[ T Y�[Sv8[SY�a GWP \ IVGJT �
Y"`oc Pit \ G c e�PRK Y g I `oc G e ` e a PRGJL [S` T 	&� a�q U Y G0L_G q GWT b K a"\ K Y L `(\ L a�Y t � %(, �JG 0 F � %MS F�� � % �

K %�"3'-% � ) � � p � ��` I6e�GJL+L+KQI+T \7` g<T ` T�IVGJT Y�`oc G \]\+`8qQ[ G0L [R` T \ G c~` T�n GJPRPRKjPRK \&` T�G q U"I `oc(`o\+`Wc K
	

� U"K \ KHG \]\+`8qQ[ GJL [S` T \7q GWTdI+K.�fK q L U [R\ L ` I [Rq GJP I]K qQ`Wc b�[ T�GJL [S` T K v KQT�L \ L+UfGJL UfG v K `8qQqja I+K Yd` v KQI
L+U�K c GWT�t c K [R`o\ K \ K v KQT�L \ ` g LVU�K GJT q K \ LVI+GWP�L+I+KjK I+KjP GJL [ T�n=LVU�K q U"I `oc(`o\+`Wc K \�� [ 	 K 	 L+U�K

4 / GJKMF S
4 F+,5I � \ KQK�LVU�K \]a�b�\ K q L [R` T ` T	� / GJKMF S
4 F+,5I � $�$�' / G 4 . F S b KQP ` � g ` I G c(` I+K Y KjLVG [ PSK Y

Y K \+q I [ e"L [S` T ` g9LVU�K qj` GWPSK \+q KQT�L ��	 � KQPRGJL [iv K I+GJLVK \ ` g9LVU�K I]K qQ`Wc b�[ T�GJL [S` T e�I `;q K \]\H` v KQI LVU [S\
U [R\ L ` I]t q GJT b K \ L a�Y�[ K Y$` T$G hfT�K � \+q GWPRK �9[ 	 K 	 � [ P `ob G \ K \�� G \ [R\ LVI a K � [ LVU \ e KjI c L
t;e [ T�n

� LVU `Wa noU L+U�Kjt GWI]K c K G \+a I [ T�n \ P [ noU�LVPit Y�[i� KjI+KQT�LHLVU [ T�n \ ��	 �
T qj` T�LVIVG \ LHL ` \ e KjI c L
t8e [ T"n �

U ` �6K v KQI � PRGWI+nWK�G c(`oa T�L \ ` g h�T�K � \+q GJPRK b�[S` P ` n [Rq GJP Y GJL_G \ efGWT�T [ T�n LVU"K KQT�L [ I+K noKjT `oc K�UfG v K
b K qj`oc K=I]K q KQT�LVPit3G v G [ P G b PRK � GWT Y GWPSP-LVU�GJL I+K c G [ T \�[R\ L ` hfT Y K @(qj[ KQT�L qQ`oc e a LVGJL [S` TfGWP

c K GJT \ ` g�K��8LVI+G q L [ T�n LVU"K [ T"g ` I c G0L [R` T ` g�I+K qQ`oc b"[ TfGJL [R` T�IVGJL+K \ `oa L ` g�L+U [R\ Y G0L_G 	sw K � [ PRP

[ T [ L [ GWPSPStkg `8qQa�\	` T \]`oc K ` g LVU�KOK � ` I^L \ L ` K \ L [Rc GJLVK noKjT�K qj` T v KQI \+[S` T IVG0LVK \ GWP ` T�K a�\+[ T�n � p
c KjL+U `8Y�\ [ T�
 G&'NK ' � $�$�' / G 4 . F S � G \ G qQ` T�LVI [Rb�a L [R` T)L ` L+U [R\ n ` GWP [S\ ` T�K ` gOL+U�K�e�I [Rc GWI]t



� 	

g `;qja�\ K \�` g9LVU [S\ L+U�K \][R\ 	 X g K�� ` g&LVU�K c~`o\ L e ` e a PRGWI q I `o\]\+` v KjIkIVGJL+K K \ L [Rc GJL [R` T c KMLVU `8Y�\

LVUfGJL a L [ P [R| K � p � [ PRP b K c KjT�L [R` T�K Y GWn�G [ T [ T � / GJKMF S
4 F+,5I � $�$�' / G 4 . F S�	


 G&'NK ' � $�$�' / G 4 . F S

� `oc K ` g<L+U�K [ T [ L [ GWP GJL]LVK c e"L \ GJL7K \ L [Rc GJL [ T�n I+GJLVK \m` g�noKjT�K qj` T v KQI \+[S` T GWI+K�IVGJL+U�KQI G�7 .�/ 4�	

} T"K ` g�LVU�KdhfI \ L [R\ LVUfG0L ` gH�8LVKje�U�KjT \ ����� � � � � � U ` P `8` �JK Y G0L(L+U�K q P a"\ LVKjI [ T�n ` gk� � r \
L ` L+K \ L [ g*noKQT"K qQ` T v KQI \+[R` T [R\ P [ �WKQPit�L ` UfG v K `8qQqja I+K Y b KML �7KjKQT L � ` noI `oa e \�` g \ Kjl a KQT q K \ 	
� \]\ KjT!L [ GWPSPSt � G \ KjL ` g \ KQl a KjT q K \ [R\ efGWI^L [ L [R` T�K Y [ T�L ` L � ` nWI `oa e \�� GWT Y GWPRP;LVU�K v GWI [ G b PRK \+[ L+K \

b KML �7KjKQT�LVU�K c GJI+K-g `oa T Y 	 �	GWI [ G b PSK \+[ L+K \ GJI+K \][ LVK \ g ` I � U [Rq UdGJPRP c K c b KjI \6` g�K G q U�nWI `oa e

UfG v K~L+U�K \ G c K~T a�q PRK ` L [RY K �*b"a L L+U�K�T a�q PRK ` L [RY K [S\HY"[S� KQI+KjT�L b KjL �6KQKQTBKQG q UBnoI `oa e 	 � L [R\

LVU�KjT q U�K q �WK Y L `�\ KQK [ g*L+U�K \ K v GWI [ G b PSK \+[ LVK \ GWI]K \][ noT [ h q GWT�LVPSt q P a�\ L+KQI+K Y 	 � g \]` � [ L c G t b K
LVU `oa noU�L-LVU�GJL�L+U�KQI]K �7G \ G qj` T v KjI \+[S` T b KjL �6KQKQT \]`oc K c K c b KQI \O` g ` T"K ` gsL+U�K nWI `oa e \ GJL

LVU�K \ K \+[ LVK \�� G \ LVU�KMtdUfG v K \+[Sc~[ P GWI \ Kjl a KQT q K \�[ T LVU [S\ GJI+K G qj`oc e�GWI+K Y L ` L+U�K ` LVU"KQI noI `oa e 	

} g qQ`oa I \ K ��` T�K Y�` K \ T ` L �!T ` � � U [Rq U=efGWI]L [ L [R` T \ � [ PRP�I+K v K GJP \+a�q U q P a"\ LVKjI [ T�n �<\+` GWPSP

c a�\ L b K L+K \ L+K Y � � U [Sq U q GWT$I+K Y�a�q K�L+U�K�e ` �6KQI L ` Y KjLVK q L~GWT$GWT�G c~` PSt [ g [ L [R\ e"I+K \ KQT�L 	

�"G � toKQI ����� � ��� GJL+L+K c e"LVK Y L ` G vo`o[SY LVU [S\ [R\+\]a K � U [ PRK \ L [ PSP � ` I � [ T�n � [ L+UBT a"c b KjI \ GWT Y

efGJL+L+KQI]T \�` g v GJI [ G b PRK \][ LVK \�b KjL �6KQKjT \ KQl a KjT q K \ 	 � `oa noU"PSt � U [R\ LVK \ L~g ` I Y KjLVK q L [ T�nxnWKQT�K

qQ` T v KjI \][R` T qQ` T \+[S\ L \ ` g�LVG�� [ T�n GWPSP e�G [ I \m` g [ T Y"[Sv8[RY�a GWP \ g I `oc G \ G c e�PRK ` g � GWT Y � g ` ImK G q U

efG [ I ��Y�[Sv8[SY�[ T�n L+U�K \ KQl a KQT q K [ T!L ` g I+GWn c KQT�L \	\ e"P [ L b t LVU"K v GWI [ G b PSK \+[ L+K \	b KML �7KjKQT L+U�KOL � ` 	

N�K&LVU�KjT qj`oa T�L \ LVU"K	T a�c b KjI ` g \ KjnoI+Kjn�GJL [ T�n \+[ LVK \ e�KQI�KQG q U e�GWI]L [RqQa P GWI#g I+GWn c KQT�L<LVU�GJL `;qjqQa I

[ T L+U�K KjT�L [ I]K \ G c e"PRK ` g �=q U�I `oc(`o\]`oc K \-b�a L�T ` L [ T LVU [S\ efG [ I�	 X U [ nWU c G � [Rc a�c v GWP a K

` g9GWPSP�L+U�K \ K efG [ I � [S\ K � g IVGWn c KQT�L � [S\ K v GJP a K \ � `oa P Y [ T Y�[Sq GJL+K G(e ` LVKQT�L [ GWP�noKjT�K qQ` T v KQI \+[R` T
K v KjT�L � G \+\]a�c([ T�n LVU�K c a LVGJL [S` T�I+GJLVK [R\(\+[Sc~[ P GWI G q I `o\+\ LVU�K \ KQl a KjT q K
	 � U a�\ t `oa UfG v K
��� ��� L+K \ L \ L ` e�KQI^g ` I c�� IVGJL+U�KQI LVU�GWT y ���  
	 � G \ � [ LVU �8L+KQe�U�KjT \ ����� � � ��	��8L [ PRP b�` L+U ` g

LVU�K \ K GWe�e"I ` G q U"K \ GWI+K7K \+\ KQT�L [ GWPRPit L+K \ L [ T"nkg ` I \+`Wc K e ` LVKjT�L [ GJP;e�I]K \ KQT q K ` g�noKjT�K qQ` T v KQI \+[R` T

� [ LVU `oa LsK��;e�P [SqQ[ L+PStkK \ L [Sc G0L [ T"n�I+GJLVK \s` I b G \ KjefG [ I*PRKQT"nWLVU \�` gfLVU"KmK v KQT�L \�� L+U `oa noU t `oa qQ`Wa P Y

c G t b K nWKjL \+`oc K I `Wa noU=K \ L [Rc GJLVK ` g7KQG q U 	 � U�K~GWe�e�I ` G q U�K \ Y�` T ` L Y"[S� KQI+KjT�L [ G0LVK GJLHGWPSP

b KML �7KjKQT q I `o\]\+` v KjI�GWT Y noKjT�K qQ` T v KQI \][R` T � G c a"q U c(` I+K Y"[A@(qQa PiL e�I `Wb PRK c 	



���

N [ PRP [ �JKQIHKjL(GWP 	�� � � ��� � \ U ` �7K Y L+UfGJL noKjT�K qQ` T v KQI \+[R` T�L+IVG q L PRKQT"nWLVU \��9Y KjL+KQI c([ T"K YBb t

q I `o\]\ K \~` g � ' / S / $ . % K G )�F K G&, /10 G�S I F+' [ TxL+U�K ' / S.'�P `8qQa�\�� G I+KQn [R` TxL+UfGJL qQ`Wa P Y K G \+[ Pit b K

\]q I]KQKQT"K Y g ` IkT ` T � q I `o\+\]` v KQI I+K qQ`oc b"[ TfGJL [R` T � \ KQK c L ` q P `o\ KQPSt g ` PRP ` � G nWK `oc KjL+I [Rq Y"[R\ L+I [ �
b"a L [S` T 	

� KMLVI+GWT�KjLOGWP 	 ����� � � � a�\ K Y LVU�K�G \+\]a�c e;L [R` T ` g�noK `Wc KMLVI [Sq L+IVG q L PRKjT�nWLVU \m[ T Y K v KjP ` e [ T�n
L+U�K [ I ` � T \ L_GJL [R\ L [Rq GWP c KjL+U `8Y�\�� � U [Rq U [ T vo` P v K \d[ T [ L [ GJPRPSt Y�[Sv8[RY"[ T�nBG \ G c e"PRK [ T!L ` L � `

\]a�b e ` e a PRGJL [S` T \ b G \ K Y ` T Y"[Sv KjI \][ L
t 	 � U�K c~`o\ L I+KjPRK v GWT�L�K \ L [Rc GJL+K Y efGWI+G c KMLVKjI [S\ LVU�KjT G

T a�q PRK ` L [SY K � \ � [ T"g ` I c GJL [iv KQT"K \+\�� � ` I LVU"K G b"[ P [ L
t~L ` h�T Y L+U�KHh�I \ L-GWT Y P G \ L \+[ LVK \O` gsG(noKjT�K
qj` T v KjI \+[S` TBK v KQT�L 	 � U�K [ I q I [ L+KQI [S` T g ` I�� [ T"g ` I c GJL [Sv KQT�K \+\ � \ LVGJLVK \ � G�� LVU�K�GWPRPSKQPSK \ GJL L+U�K
e ` Pit c(` I]e�U [Rq \+[ LVK c a�\ LHUfG v K�� yWz � g I+Kjl a KQT q t [ T LVU"K \]a�b e ` e a PRGJL [S` T e�I]K \+a"c K Y L ` b K

L+U�K I+K qQ[ e [ KjT!L ` g G�noKjT�K qQ` T v KQI \][R` T(K v KQT�L � GWT Y � b ��LVU�K \ G c K GJPRPRKjPRK c a�\ L b K GJL9PSK G \ L&LVU�I]KQK
L [Rc K \ noI+KQGJLVKjI [ T L+U�K ` L+U�KQI � Y�` T ` I � \+a�b e ` e a P GJL [R` T 	 � U�K T a"c b KjI�GWT Y LVI+G q L�PRKjT�nWLVU \-` g
nWKQT�K qj` T v KQI \+[S` T~K v KjT!L \6q GWT b K K \ L [Rc GJLVK Y([ T LVU [S\sc GWT�T�KjI � GJg L+KQI&G qQ` I+I+K q L [R` T g ` IsL+U�K b�[ G \

K��;e K q LVK Y�Y�a K L ` � a T [ T"g ` I c GJL [Sv KjT�K \]\ ��� K
	 n 	 c(` T `oc(` I+e"U [Rqm\][ L+K \&qQ` T!LVG [ T"K Y GJL9K [ LVU�KjI&KQT Y
` g7G nWKQT�K qj` T v KQI \+[S` T=L+IVG q L � `Wa P Y I]K \+a PSL [ T GJT `ob�\ KjI v K Y L+IVG q L PRKjT�nWL+U L `8`�\+c GWPRP ��	 � U�K
G a LVU ` I \ G Y�c([ L � U ` �6K v KQI � LVUfGJL L+U�Kjt Y�` T � L(K��"e�K q L�L `=`Wb�\ KjI v K c GJT!t ` g-L+U�K�LVI a K noKjT�K

qj` T v KjI \+[S` T=K v KjT�L \k[ T L+U [R\�c GWT�T"KQI � GJT Y [ T g G q LkK \ L [Rc GJL+K LVU�KMt GWI]K ` T�Pit `ob"\ KQI v8[ T�n yW{ �

[ T ` T"K-I+Kje ` I]LVK Y Y GJLVG \ KML � '!$ - + P `8qQa�\6Y GJL_G [ T � ' / S / $ . % K G S � " / " S
4 � 'HG ��	 � U [S\7[ T�G Y�Y�[ L [S` T
L ` L+U�K e ` L+KQT�L [ GWP Y�[A@(qQa PSL
t ` g q U `;`o\][ T�n e�I ` e KjI \]a�b e ` e a PRGJL [S` T \ GWT Y L+U�K PRG q � ` g B]`W[ T�L

q I `o\]\+` v KjI �Jqj` T v KjI \+[S` T K \ L [Sc G0L [R` T�KQT \]a I+K Y g a I^LVU�KjIOK �#` I]L \ L `(qj`oc K 	

� / GJKMF S
4 F+,5I � $�$�' / G 4 . F S

X e ` �7KjI]g a POT�K�� c K GJT \ ` g�K��"e"P ` I [ T�n=U ` � q U�I `oc~`W\+`oc K \(\ G c e�PSK Y g I `oc G e ` e a PRGJL [S` T

I]KQPRGJLVK L `=` T�K GWT ` L+U�KQI � GWT Y U�KjT q K U ` � efGJL]LVKjI+T \ ` g�I+K qQ`oc b"[ TfGJL [R` T c([ nWU!L(G � K q L \+a�q U

I]KQPRGJL [S` T \�� GWI+I [Sv K Y v8[ G-LVU"K 4 / GJKMF S
4 F+,5I � � [ T�n c GWT � ��� � y ��	 � U"K [SY K G [S\ LVU�GJL9GWPSP � a T"I+KQPRGJLVK Y �
U a�c GWT \ \ UfGWI]K qQ`oc(c~` T GWT q K \ L ` I \k[ g&t `oa n `�b G q � g GWI-KjT `oa nWU [ T L [Sc K
	 � U"K qQ` GWPSK \]q KQT�L
I]Kjg KjI \ L ` L+U�K GWT q K \ L+IVGWP LVI]KQK LVUfG0L I]KQP G0LVK \ LVU"K q U�I `oc(`o\+`oc K \d` g Y�[S� KQI]KQT�L [ T Y�[iv8[RY�a GJP \ 	

� g-t `oa n `)b G q �$g GWI(KQT `Wa noU [ T�L [Sc K � L+U�K U `Wc~` P ` n `oa"\ q U�I `oc(`o\]`oc K \�` g � [ T Y�[Sv8[SY�a GWP \



� �

\ G c e�PRK Y g I `oc GBe ` e a P GJL [R` T � [ PRP�UfG v K G qQ`oc(c~` T GWT q K \ L ` I�	 � U a�\ G q KQI^L_G [ T I+KQn [R` T

` g G$efGWI^L [Rqja P GJI [ T Y�[iv;[SY�a GWP � \ noKQT�KML [Sq c GJLVKjI [ GWP � [ PSP P `8` � c(` I]K ` I PSK \+\ \+[Sc~[ P GWI(L ` LVU�K

\ G c K I+Kjn [R` T ` g�GJT ` LVU"KQI [ T Y�[Sv8[RY"a GWP ��b G \ K Y�` T$U ` � g GWI b G q � [ TxL [Rc K~L+U�K \ K I]KQn [S` T \ ` g

LVU `o\ K [ T Y�[iv;[SY�a GWP \ � qj` GWPRK \+q K Y � � ` I UfG Y G qj`oc~c(` T�GWT q K \ L ` I�	 X PSP ` LVU"KQI LVU [ T�n \ KQl a GJP �

LVU�K(PRK \+\ L [Rc K [ LkL_G �WK \ g ` I L � ` q U�I `oc(\+`Wc K \ Kjn c KQT�L \ L ` qj` GWPSK \+q K � LVU�K c~` I+K(GWP [ �WK LVU"Kjt
GWI+K K��"e�K q LVK Y L ` b K 	 �7[R` P ` n [Sq GWP e�U�KjT `oc KQTfG LVU�GJL c~[ noU�L q I]K GJL+K Y�[i� KjI+KjT q K \�b KjL �6KQKjT GWT�t

L � `xq U"I `oc(`o\+`Wc K \ LVU�GJL K v KQT�L a GWPRPit \ UfGWI]K G qj`oc~c(` T�GWT q K \ L ` I [ T q P a�Y K c a L_GJL [R` T�GWT Y

I+K qj`oc b�[ TfGJL [R` T 	 � U"KQI+KMg ` I+K �*` T"K c([ nWU!L b K(G b PSK L ` K \ L [Rc GJLVK I+GJLVK \ ` g7LVU"K \ K(e�U�KjT `oc KQTfG

b t K��"G c([ T [ T�n�LVU�K Y KjnoI+KjK ` g#I]KQPRGJLVK Y T�K \]\ G c~` T"nkG \ G c e"PRK ` g q U�I `Wc~`o\]`oc K \���[ 	 K
	*efG0L+LVKjI+T \

` g � p ��a T Y KjI v GWI [S`oa�\ G \+\]a�c e"L ` T \ I+Kjn�GWI Y"[ T�ndLVU�K b KjUfG v;[S` I ` gmLVU"K qQ` GWPRK \ KQT�L LVI+KjK 	 w)K

`oa LVP [ T�KdL � `�` gHL+U�K c(` I+K T ` LVK�� ` I]LVU�t c~`8Y KQP \ L+UfGJL a L [ P [R| K qQ` GJPRK \]q KjT!L�L+U�K ` I]t [ T \+a"q U

G c GWT�T"KQIQ�dG � � `oc e `o\+[ LVK � [ �JKQP [ U `8`;Y � c KMLVU `8Y$Y K v KQP ` e K Y�b t�N a"Y�\+` T � yJzoz � � � GWT Y G

�+r&I `8Y�a�q L ` g X e�e�I ` � [Rc GJL+K � ` T Y�[ L [R` TfGWP \ � c~`8Y KjP q I]K GJL+K Y b t � [ GJT Y �!LVKQe"U�KQT \ � yJzoz 	 ��	

^����������	��

��������������������� } T�K ` gfL+U�K c(` I+K [ T�LVKjI+K \ L [ T�n GWe�e"I ` G q U"K \ L `�B]`o[ T�L�K \ L [Rc GJL [S` T

` g q I `o\]\+` v KjI GJT Y nWKQT�K qQ` T v KQI \+[R` T)IVG0LVK \k[S\ LVUfGJL ` g C I [S\+\ K KML GWP 	 � yWzoz � ��	 � U�K [ I c KjLVU `;Y
a�\ K \ LVU"K � qj`oc e `o\][ LVKdP [ �WKjP [ U `;`8Y � GWe"e�I ` G q U Y K v KQP ` e�K Y b t�N a�Y"\+` T � yWzoz � � [ T [ L [ GWPSPSt L `
K \ L [Rc GJLVK q I `o\]\+` v KjI-I+GJLVK \ GJP ` T�K
	9N [S\Oc KjL+U `8Y a"\ K \ efG [ I \ ` g \+[ LVK \ GWT Y \][Rc a PRGJL [S` T \ noKQT�KjI �
GJLVK Y v8[ G qQ` GJPRK \]q KjT!L�LVU�K ` I]t�L ` G q U [ K v K G P [ �WKQP [ U `8`8Y g ` I LVU�K q I `W\+\+` v KQI�I+GJLVK
	 � U [R\ IVG0LVK [R\
I+KQe"I+K \ KQT�LVK Y b t � � % �����! � � U"KQI+K"��� [S\ LVU"K K � K q L [Sv K e ` e a P G0L [R` T \][R| K GWT Y  [S\-Y KMhfT�K Y

U�KQI]K G \ L+U�Kke�I `ob G b�[ P [ L
t~e KjI a T [ L e"U!t \][Rq GJP Y"[R\ LVGWT q K ` g*G q I `W\+\+` v KQI [ T G \][ T�noPSK�LVI+GWT \+c([R\ �
\+[R` T~g I `Wc efGWI+KjT�L7L ` `W� \ e�I [ T�n 	 � U�K a�\ K ` g qQ` GWPSK \]q KQT�LmL+U�K ` I]t ` T�e ` e a P GJL [R` T Y GJLVG GWPSP ` � \

g ` I K \ L [Rc GJL [R` T ` g � ��b�a LHT ` L ` g# [ L \ KQPSg 	 � U [R\ LVU"K ` I^t GWPRP ` � \ a�\ L ` I+KjP GJL+K [ T Y Kje KjT Y KjT!L

[ T Y�[iv8[RY�a GJP Y GJLVG [ T GJT [ T"g ` I c GJL [Sv K c GWT"T�KQI �7b�a L �6K GWI]K qQ` T \][RY KjI [ T�n)GJT G v KjIVGWnWK Y I]K �
qQ`oc b"[ TfGJL [R` T(IVG0LVK ` v KQI c GWT�t(noKQT"KQIVG0L [R` T \�� � U [Rq U Y KQe�KQT Y�\ ` T�LVU�K�e ` e a P G0L [R` T \][R| K$�%� [ T

G Y�Y�[ L [R` T L ` LVU�KmI]K qj`oc b�[ TfGJL [S` T e"I `ob G b�[ P [ L
t& 	 C ` IsG�efG [ I ` g \+[ LVK \�� G qQ` GWPRK \+q KjT�L � b G \ K Y G&, �

4 F S I6' GJK ' F 4 / ) "3%(,�GJI�% / , 0 ' G+$ . ) � 2�' / [S\*qj` T \ L+I a�q LVK Y g ` I*K G q U v GWP a K ` g � � g I `oc LVU"Kme�I+K \ KjT!L

Y G t a T�L [ P�GWPRP \ G c e�PSK Y q U"I `oc(`o\+`Wc K \ UfG v K G qj`oc(c~` T GWT q K \ L ` I GJL-K G q U \][ LVK
	 C ` IOK v KjI]t



� {

e�G [ I ` g b IVGWT q U"K \Hb KML �7KjKQT)L+U�K LVI]KQK \ GJLkKQG q U \+[ L+K � G \+[ T�noPSK c a LVGJL [S` T [R\ e"P G q K Y ` T K G q U

b IVGWT q U � �6K [ noU�LVK Y b t [ L \ e�I `ob G b"[ P [ L
t � GWT Y q U�K q �JK Y g ` I qQ`oc efGJL [Rb�[ P [ L
t�� [ LVUdLVU�K `ob"\ KQI v K Y
\ G c e�PRK
	 � U�K-g I+G q L [R` T ` g \]a�q U qQ`oc efGJL [Rb�[ P [ L [ K \*` v KjI GWPSP b IVGWT q U�efG [ I \ n [Sv K \ GWT [RY KQG ` g L+U�K

e"I `ob G b�[ P [ L
t�� [ LVU � U [Sq U LVU"K \][Rc a PRGJLVK YdX � F c([ noU�L UfG v K noKjT�KQI+GJLVK Y LVU"K `ob"\ KQI v K Y Y GJL_G 	


 GWT�t \+a�q U X � F \ GWI+K qj` T \ L+I a�q LVK Y L ` noKML-GJT K��;e K q LVK Y e�I `ob G b�[ P [ L
t~g ` I KQG q U v GWP a K ` g � 	

� U"KQI+KMg ` I+K � G P [ �JKQP [ U `8`;Y [R\ g ` I c K Y ` v KjIkGdnWI [RY ` g � v GWP a K \�� GWT Y GWe�e�I ` e�I [ GJL+K \ LVGJL [S\ L [Rq GJP
[ T"g KQI]KQT q K � K
	 n 	 c G � [Rc a"c P [ �WKjP [ U `;`8Y K \ L [Rc GJL [S` T � 
 � � � �fq GWT b K a�\ K Y L ` K \ L [Rc GJLVK � 	

X�q L a GWPRPit G \+[ T�noPRKHefG [ I ` g \+[ LVK \ n [Sv K \ P [ L]LVPRK [ T"g ` I c GJL [R` T�L ` �7GWI Y�\ e�I ` v8[SY�[ T�n�G qQqja IVG0LVK

K \ L [Rc GJL [S` T ` g � 	 � U�KQI]Kjg ` I]K LVU�K P [ �WKQP [ U `8`8Y�\ g ` I GWPSP efG [ I \�` g \ KQnoI]KQn�G0L [ T"n \+[ LVK \~[ T L+U�K

\ G c e�PRK GWI]K c a PSL [ e�P [ K Y L ` nWKjLVU"KQI ��q I+K G0L [ T"n N a�Y�\+` T � \ � qj`oc e `o\][ LVK P [ �JKQP [ U `8`;Y � a T Y KjI G \ �
\]a�c e"L [S` T \9` g qQ` T \ L_GWT�L6K � K q L [Sv K-e ` e a PRGJL [S` T \+[S| K �%� � IVGWT Y"`oc c GJL [ T�n �o[ T"hfT [ LVK � \+[ LVK \�� GWT Y
T ` \ KQPRK q L [R` T 	�� X PRP ` g6LVU�K \ K GJI+K(G \+\]a�c e"L [S` T \k` g7L+U�K qQ` GWPSK \]q KQT�L \+[Rc a P GJL [R` T \ 	 ��� `Wc K ` g

L+U�K \ KHG \+\]a�c e;L [R` T \mq GJT b K I+KjP G �;K Y 2 g ` ImK��"G c e"PRK � 
 q �9KQGWT KjL GWP 	 � yWzoz�y �	GWPSL+KQI]K Y N a"Y�\+` T
� yWzoz � � � \&c~`8Y KQP;L ` I+KQPRG � L+U�K [ T"hfT [ LVK \][ L+K \ G \+\]a�c e"L [S` T 	 X�\ T ` LVK Y~b t(N a"Y�\+` T�� yWzWz � � � L+U�K
qj`oc e `o\][ L+K�P [ �WKjP [ U `;`8Y [R\ T ` L K \ L [Sc G0L [ T"n G L+I a K-P [ �JKQP [ U `8`;Y([ T(LVUfG0L [ L7G \+\]a�c K \ GWPSP e�G [ I \7` g
\][ L+K \ GWI+K [ T Y KQe�KQT Y KjT�L � � U [Rq U [S\ b P GJLVGWT�LVPit a T�LVI a K 	 �
T efGWI]L [Rqja P GWI � LVU [S\ G \+\]a�c e;L [R` T noKjT �
KjIVGWPSPSt�n [Sv K \ G c(` I]K e KQG��WK Y P [ �WKQP [ U `8`8Y LVU�GWT [S\ GWe�e�I ` e�I [ GJLVK ��\+` LVUfG0L-G \+\ K \+\][ T�n v GJI [ G0L [R` T
[ T)K \ L [Sc G0LVK \ GWT Yxqj` T"h Y KQT q K [ T�LVKjI v GWP \ q GJT b K(LVI `oa�b PSK \+`Wc K
	 C ` IHK��"G c e�PRK �*qj` T"h Y KjT q K

[ T�LVKQI v GWP \ GWI]K a�\]a GWPSPSt g `oa T Y LVU"I `oa nWU \+[Sc a PRGJL [S` T � K
	 n 	 C I [R\+\ K KML�GJP 	 � yJzoz � � �f` I�e�KQI c a LVG �
L [R` T � K
	 n 	9r&LVG�� KjL GJP 	 � yJzoz � ��	 � K v KQI^LVU�KjPRK \+\�� N a�Y�\]` T � \mc KMLVU `8Y Y�` K \ e�I ` v8[RY K-I+KQG \+` TfG b Pit
G qQqQa IVGJL+KHe `o[ T!L K \ L [Rc GJLVK \ ` g � � \ KQKHN a�Y"\+` T � yWzoz � � � � [ GJT Y �!LVKQe"U�KQT \ � yJzoz 	 � ��	

X PRP ` g L+U�K \ K�G \]\+a�c e"L [R` T \	q GJI+I]t ` v KQI6L ` C I [R\+\ K�KMLmGJP 	 � yJzoz � � � \ G Y�Y�[ L [S` TfGWP"G c KjT Y�c KQT�L
L ` LVU"K � qj`oc e `o\][ LVKOP [ �WKjP [ U `;`8Y � L ` GJPRP ` � g ` I7K \ L [Sc GJL [R` T ` g � � LVU�K G \+\+a"c K Y � qj` T \ LVGWT�L IVG0LVK
` g9noKQT�K qj` T v KjI \+[S` T [ T G I]KQn [S` T 	 NOKQI]K � % ���%� � � � U�KjI+K � [R\ LVU�K e"I `ob G b�[ P [ L
t ` g	G noKjT�K

qj` T v KjI \+[S` TBK v KQT�L e�KQI a T [ L e�U�t \+[Rq GWP Y�[R\ L_GWT q K [ T)G \][ T�noPSK(L+IVGWT \+c([R\+\][R` T=g I `oc e�GWI+KjT!L L `

`J�#\ e�I [ T�n 	B�8e K qQ[ h q GWPSPSt � L+U�KdG a L+U ` I \"B]`W[ T�LVPit K \ L [Rc GJLVK � GWT Y LVU"K�I+KQPRGJL [iv K I+GJLVK ` g-noKjT�K

qj` T v KjI \+[S` T \ L `$q I `o\+\]` v KQI \�� � % � � � 	 � `$[Rc e�I ` v K LVU�K e�I]K qj[R\+[S` T ` gHLVU�K [ I�K \ L [Sc GJL+K \��

C I [R\+\ K KjL7GWP 	 � yWzoz � � qj`oc b�[ T�K LVU�KOP [ �WKjP [ U `;`8Y [ T"g ` I c GJL [S` T ` g LVKQT �]P `8qQa"\ e�G [ I \�� � ` I9noKjT�KjL [Rq



� �

I+KQn [R` T \ ` g \][R| K � y � b g I `oc v GWI [R`oa"\ P `8q GJL [R` T \�` g	LVU�K noKjT `oc K � G \+\]a�c([ T�n��$GWT Y � L `db K

qQ` T \ L_GWT�L~G q I `o\]\ GWPSP6L+KQT 	 p K \ e [ L+K qj`oc b�[ T [ T"n LVU�K [ T;g ` I c GJL [S` TxG q I `W\+\(c a PSL [ e�PSK�P `;qj[m[ T

\+a�q U G c GWT�T�KjI � C I [R\]\ K-KML GWP 	 � yWzoz � �&hfT Y L+UfGJL7L+U�K [ I c KjL+U `;Y n [Sv K \mv KjI]t�P GWI]noK qj` T"h Y KQT q K
[ T�LVKjI v GWP \�� qj` T \ LVI a"q LVK Y v8[ G \][Rc a P GJL [R` T \�� g ` I � GWT Y � � \ KQK C [ n 	 y ` g C I [R\]\ K KjL GJP 	�� yWzWz � � ��	
� U�Kjt GWP \+` T ` LVKHLVUfG0LOL+U�K [ I c(`8Y KQP<UfG \-Y�[ @~qja PSL
t Y"[R\ L [ T�n a�[R\ U [ T�n b KjL �6KQKjT P GWI]noK v GJP a K \�` g

� qj`oa e�PSK Y � [ L+U \+c GWPRP v GJP a K \ ` g �$GJT Y P GWI]noK v GWP a K \ ` g � qQ`oa e�PRK Y � [ LVU \]c GWPSP v GWP a K \ ` g

� 	 � U [R\ qj`oc e"P [Rq GJL [S` T [R\ T ` L a T"K��;e K q L+K Y � G=noKQT"K qj` T v KQI \+[S` T K v KQT�L [ T�L+U�K GWT q K \ L+IVGWP

U [R\ L ` I^t ` gOG \ G c e�PRK ` g q U�I `oc(`o\]`oc K \ e ` LVKQT�L [ GWPSPSt PRKQG v K \ G � p efG0L+LVKjI+T \+[Sc~[ P GWI L ` LVU�K

efGJL+L+KQI]T PRKMg L b t�L � `)q I `W\+\+` v KQI�K v KQT�L \ L+UfGJL `;qjqQa I�GJL Y�[S� KQI]KQT�L�L [Rc K \([ T$LVU�K GWT q K \ L+IVGWP

U [R\ L ` I^t b�a L�T�K GJIOL ` K G q U ` LVU"KQI [ TdLVKQI c~\ ` g q U�I `oc(`o\]`oc KkP `;q GJL [S` T 	 � U�KQI]Kjg ` I]K � G c(`;Y KjP

c~[ noU�L e ` L+KQT�L [ GWPRPit [ T!L+KQI]e�I+KML G~nWKQT�K qQ` T v KQI \][R` T K v KjT!L G \ G \+[ T�noPRKknoKjT�K qj` T v KjI \+[S` T ` I�G \

L � `(Y�[R\ L [ T q L q I `o\]\+` v KjI \ 	

u \+[ T�n Y GJLVG~g I `Wc D0FHGJILILKMFNDPORQ�S � Y K \+q I [Rb K Y [ T �7UfGJe"LVKjI y � GWT Y G \+\]a�c([ T�n b�` L+U �)GWT Y

q I `W\+\+` v KQI�L ` b K qj` T \ LVGWT�L G q I `W\+\ L+U�K noKQT `Wc K � C I [R\]\ K KjL�GWP 	 � yWzoz � � K \ L [Rc GJLVKdnoKjT `oc K �
� [RY K�G v KQI+GWnoK
��L ` b K�GWI `oa T Y � L ` y�� 2 LVUfGJL [R\��*Y�`oa"b PRK � \ L+IVGWT Y � b I]K G�� \ GJI+K�I]K \]` P v K Y G \

noKQT�K qj` T v KQI \+[S` T \H\+`oc K � �^y�� L [Rc K \ c(` I]K ` g LVKjT=L+UfGWT=G \kq I `o\+\]` v KQI \ 	 � L [R\ [Rc e ` I]LVGWT�L�L `
e `o[ T�L `oa L L+UfGJL nWKQT�K qQ` T v KQI \+[R` T I+GJLVK \ g I `oc e ` e a P G0L [R` T Y GJLVG�GWI+K qj` T"g `oa T Y K Y � [ L+U LVU�K

I6' G 4 I KMF+, 0 I . �O` I b G \ KQefG [ I�PRKjT�nWLVU ` g nWKQT�KML [Rq c GJL+KQI [ GWPOI+Kje�P G q K Y b t GxnoKjT�K qQ` T v KQI \+[R` T

K v KjT�L 	&w U [ PSK \ e�KQI c GJTfGWPSt \][R\ LVK q U"T [ l a K \7q GJT `ob�\ KQI v K-noKjT�K qj` T v KjI \+[S` T \ GWT Y L+U�K [ I	L+IVG q L \

Y�[ I]K q L+PSt � � [ LVU~e�I+K qQ[R\][R` T Y KQe�KQT Y�[ T�n ` Td� � r Y KQT \][ L
t � C I [R\]\ K�KjL GJP 	 � yJzoz � � c a�\ LmG \]\+a�c K�G
LVIVG q L PRKjT�nWL+Udg ` ImLVU�K \ KHK \ L [Rc GJLVK \ 	 X�\ P [ L]LVPRK �mG \ �!T ` � T GJL LVU�K L [Rc K G b�`oa L LVI+G q L PSKQT�nJLVU \
[ T U a�c GWT \�� L+U�Kjt b G \ K Y L+U�K [ I�G \]\+a�c K Y LVIVG q L�PRKQT"nWLVU ` T \ L a�Y�[ K \�` g*toK G \ LkGWT Y g I a"[ L � [ K \ 	
C ` I7LVU�KkK \ L [Sc G0LVK \ e�I]K \ KQT�LVK Y U�KjI+K � L+U�Kjt a"\ K Y G c KQGWT L+IVG q L PRKjT�nWLVU ` g �Wzoz b e 	

�
TxG Y�Y�[ L [R` T L ` IVGJL+K \ ` g q I `o\+\]` v KQI � GJT ` LVU"KQI e ` LVKjT�L [ GJP qj` T"g `oa T Y�[ T"n g G q L ` IkLVUfGJL q GWT

G � K q L nWKQT�K qj` T v KQI \+[S` T I+GJLVK-K \ L [Rc GJL [S` T [S\ noKjT ` L
t8e [ T"n(KjI+I ` I � G \ rsL_G��~KjL GWP 	 � yWzoz � �9T ` L+K 	
� U�K c KjL+U `;Y ` g9rsLVG���KjL�GWP 	 � yWzoz � � [S\O\][Rc([ PRGWI7L ` LVUfG0L ` g C I [R\]\ KHKjL-GWP 	 � yWzoz � � b�a L�GWPSP ` � \
g ` I q I `W\+\+` v KQI IVG0LVK \ L `Hv GWI]t(G c(` T�nHP `8qQ[ � ` I9noKQT�K \m` I � [ T Y KQe�KQT Y KQT�L � I+KQn [R` T \ ��	 � ` B]`o[ T�LVPSt
K \ L [Rc GJLVK ��GWT Y �� � L+U�K v K q L ` I ` g � G q I `o\+\ P `8qQ[ � LVU�KMt a"\ K G $�' /�� KMF K % � F K % .�/
/ 7 ` T���� g ` I*K G q U



� �

v GWP a K ` g � � LVU"Kjt hfT Y ���� � LVU�K 
 � � ` g � e�KQI�KQG q U P `8qQa�\�� � GWT Y c a PiL [ e�PRK LVU"K P [ �WKQP [ U `8`8Y
v GWP a K \�� � ��� ���� ��L ` noKjL+U�KQI g ` I�GJPRP � 	 � U�KMt�LVU�KjT c G � [Rc([R| K�� ` v KjI<LVU�K \ K9e�I `8Y�a�q L�P [ �WKQP [ U `8`8Y�\ 	
� ` [Sc e�I ` v K [ T"g KjI+KQT q K ` T � � L+U�K G a LVU ` I \ G \]\+a�c K��$L ` b K qj` T \ L_GWT�L noKjT `oc K � � [RY K~GWT Y
qj`oc b�[ T�K�LVU�K P [ �WKjP [ U `;`8YB[ T"g ` I c GJL [S` TBG q I `o\]\ � �Wz�� � z G \]\+a�c K Y � [ T Y KQe�KQT Y KQT�L P `;qj[ �9\+`oc K
` g � U [Rq U U�G v K c~` I+KkLVUfGWT yJzoz \ KQnoI]KQn�GJL [ T�n \+[ L+K \ 	 � U�Kjt K \ L [Sc GJL+K noKjT `oc K � � [RY K G v KQI+GWnoK
� L `�b K � z 	 	 � � 	 z a�\][ T�n L+U�KED0FHGJILI�KMFNDPO Q�S Y G0L_G � G \+\+a"c~[ T�n LVU�K \ G c K c KQGWT LVI+G q LkPSKQT�nJLVU
` g �Wzoz b exG \ C I [S\+\ K KML GWP 	 � yWzWz � � G b�` v K 	dN ` �6K v KQI � � U�KQT)L+U�Kjt=GJe�e�P [ K Y LVU�K [ I c(`;Y KjP&L `

\][Rc a P GJL+K Y Y GJL_G \ KjL \ � U�KQI]K � % z GWT Y nWKQT ` L
t8e�KmKQI]I ` I `;qjqQa I \ GJL&G�IVGJL+K ` g z 	 � � � LVU"KjtHg `oa T Y
L+UfGJL6LVU�K [ I c KMLVU `8Y ` g L+KQT K \ L [Sc G0LVK \ �dL ` b K [ T~L+U [R\ IVGWT"noK 	 � U [R\ U [ noU�P [ noU�L \ L+U�K Y�[ @(qQa PiL
t

[ TdK��8LVI+G q L [ T�n LVU"K \]a�b L+PRKkK � K q L ` g�noKjT�K qQ` T v KjI \][R` T \�` T�LVU�K Y G0L_G"�9noKjT�K qQ` T v KjI \][R` T IVGJL+K \

` T3L+U�K ` I Y KjI ` g U a�c GWT q I `o\]\+` v KjI IVG0LVK \ e�KQI+U�GWe \ UfG v KxG \ g G [ T�L GWT K � K q L ` T � p G \

nWKQT ` L
t8e [ T�n KQI]I ` IOG \ \+c GWPSP G \ z 	 � � 	

� ` GJL+L+K c e"L L ` GJPRPRK v8[ GJL+K \+`Wc K ` g!L+U�K \ K Y"[A@(qQa PiL [ K \�� w)GWPSP�� yJzoz � � K��8LVKjT Y K Y LVU�K qj`oc e `o\][ L+K �
P [ �JKQP [ U `8`;Y GWe�e"I ` G q U L ` P `8` � [ T�n~GJL�LVU�I]KQK � \+[ LVK P [ �WKjP [ U `;`8Y�\ IVG0LVU�KjI-LVUfGJT L � ` 	 � U"I+KQK \][ L+K \
c([ nWU!L b K G b PRKkL `(q GJe"L a I]K L+U�K K � K q L \-` g&nWKQT�K qQ` T v KQI \][R` T c~` I]K K � K q L [Sv KjPSt�L+UfGWT L � ` � G \

L+U�KOI+K \]a PSL ` g�GHnoKQT"K qQ` T v KQI \+[R` T K v KQT�L [R\ L ` e�I `;Y�a"q K�G \ Kjn c KjT�L ` g noKQT�KML [Sq�c GJLVKjI [ GWP�g I `oc

` T�K \+`oa I q K � [ 	 K
	�L+U�K c~[SY�Y PSK � � r � � GWT��WK Y(b t noKjT�KjL [Rq c G0LVKQI [ GWP!g I `Wc GWT ` LVU�KjI \+`oa I q K � [ 	 K
	
L+U�K `oa LVKjI&L � ` � � r \ ��	9N ` �6K v KjI � � U [ PRK L+U�K�P [ �JKQP [ U `8`;Y�\ g ` I9K v KQI]t(efG [ I ` g \][ L+K \9[ T~GHI]KQn [S` T
q GWT b K I+KQPRGJL [iv KjPSt K @(qQ[ KQT�LVPit q GJP qQa P GJL+K Y g ` I�GdPRGWI+nWK T a�c b KQI ` g q U�I `oc(`o\+`oc K \�� GWPRP 	 � \+[ L+K
P [ �JKQP [ U `8`;Y�\&q GWT b K q GWP qja P GJL+K Y g ` I ` T�PSt L+KQT ` I \+` q U"I `oc(`o\+`Wc K \ GJLmGHL [Rc K 	 C ` I6G Y G0L_G \ KjL
� [ LVU c(` I+K L+UfGWT LVKjT q U�I `oc(`o\+`oc K \�� wxGJPRP � yWzoz � �OIVGWT Y"`oc Pit \ G c e�PRK \ \ K v KQI+GWP \+a�b�\ KjL \ ` g
L+KQT q U�I `oc~`W\+`oc K \��<q GWP qQa PRGJLVK \ GWPRP 	 � \][ LVK P [ �JKQP [ U `8`;Y"\ g ` I KQG q U \+a�b�\ KjL � GWT Y=c a PSL [ e�PSK \ L+U�K
P [ �JKQP [ U `8`;Y�v GWP a K \ G q I `o\+\ \+a"b�\ KML \ 	sw [ LVU [ T KQG q U \]a�b�\ KML �o\][Rc a P GJL [R` T \ GJTfGWP GJn `oa�\ L ` N a"Y�\+` T

� yWzoz � �OGWI]K a�\ K Y L `�q U�K q � g ` I qj`oc e�GJL [Sb�[ P [ L
t �fb"a L T ` � a�\+[ T�n�L+U�I+KjK \+[ LVK \�[ T \ LVKQG Y ` g&L � ` 	

� U"KQI+KMg ` I+K LVU�K \ G c K G \]\+a�c e"L [S` T \ � G�T�K a LVIVGJP c(`;Y KQP � [ LVU qQ` T \ L_GWT�L � IVGWT Y�`oc PSt c GJL [ T�n

e ` e a P GJL [R` T �%� G q I `o\]\ noKQT�KjIVGJL [R` T \��"b"[ GWPSPRKQP [Rq \+[ LVK \��f[ T;hfT [ L+K \m\][ L+K \��"qQ` T \ L_GWT�L � � [ LVU [ T P `;qj[

� qja I+I]KQT�LVPit$GWe�e�Pit � LVU `Wa noU \+`oc K qQ`oa P Y e�I `Wb G b Pit b K I]KQPRG �;K Y�[ T�G I+KQPRGJL [iv KjPSt \ LVI+G [ nWU!L �
g ` I �7GWI Y c GWT�T�KjI�	 p K \ e [ L+K LVU�K a"\ K ` g6L+U�I+KjK P `8qQ[ G0LHG�L [Rc K IVG0LVU�KjI�LVUfGWT L � ` � K \ L [Rc GJLVK \



���

` g � GWI]K-T ` L v KQI^t�G qjqQa I+GJLVK
	 X n�G [ T�G \]\+a�c([ T"n�� L ` b K qj` T \ L_GWT�L G q I `o\]\ c a PiL [ e"PRK P `8qQ[ GWT Y

qQ`oc b"[ T [ T�n�P [ �WKjP [ U `;`8Y [ T"g ` I c GJL [R` T G q I `o\+\ LVU"K \ KOP `8qQ[ GWe�e�K GWI \ L `kb K T"K q K \+\ GWI]t g ` IsI]KQP [ G b PSK
[ T"g KjI+KQT q K 	sw U [ PRK [ L6L_G��JK \m` T�PSt~G \][ T�noPSK�P `;qja�\ L ` K \ L [Sc GJL+K � � [ LVU�G qjqQa I+G q t [ T \][Rc a P GJL+K Y
Y GJL_G \ KjL \��8[ L9I]KQl a�[ I]K \ GJL	PRKQG \ L yWz P `;qj[ L ` UfG v K 
 � � K \ L [Rc GJL+K \&` g � � [ LVU [ T~G�g G q L ` I ` g�L � `

` g*L+U�K LVI a K � K v KQT �Wz � ` g*L+U�KkL [Rc K 	 � U [S\ GJn�G [ T [ PRP a"\ LVI+GJLVK \ LVU�K qQ`Wc e�PSK�� [ L [ K \ ` g B]`o[ T�LVPSt

K \ L [Rc GJL [ T�n q I `o\]\+` v KjI GWT Y nWKQT�K qQ` T v KQI \+[R` T I+GJLVK \ 	 �
T G Y�Y�[ L [R` T �#[ L [R\ a T��8T ` � T � U�KjL+U�KQI

LVU�KdG \]\+a�c e"L [R` TxL+UfGJL�� [R\ qQ` T \ L_GWT�L~G q I `o\]\(Y"[S� KQI+KjT�L P `8qQ[7[S\ K v KQT q P `o\ K L `=b"[R` P ` n [Rq GWPRPit

LVI a K 	

X�\ G(h�TfGWP T ` LVK � L+U�K qQ`Wc e `o\+[ LVKHP [ �WKQP [ U `8`8Y�c KMLVU `8Y ` g9N a�Y�\]` T � yWzWz � � UfG \�b KQKjT a e �
Y GJLVK Y b t 
 q �9KQGWT KjL-GWP 	 � yWzoz � �7L ` P `;` ��GJL v GJI [ G b PRK q I `o\+\]` v KQI-IVGJL+K \ G q I `W\+\ L+U�KHnoKQT `Wc K
` T)hfT�K � \]q GWPSK \�� K
	 n 	 � [ LVU [ TBG nWKQT�K ` I�� yJz�� � b I+Kjn [R` T 	 � ` \+[Rc([ PRGWI � ` I � UfG \ tWKjL b KQKjT
Y�` T�K g ` I�noKQT"K qQ` T v KQI \][R` T � � U [Rq U [R\ G \+a�b"\ L_GJT!L [ GWPSPSt c(` I+K Y�[A@(qQa PSL e�I `ob PSK c�Y�a K L ` LVU�K

IVGWI [ L
t=GWT YB\ U ` I^L LVI+G q L PRKQT"nWLVU ` g K v KQT�L \ 	 
 q �9K GJT�KML GWP 	 � yWzoz � �kg `oa T Y LVU�GJL q I `o\]\+` v KjI

U ` L \ e ` L \ `8qQqja I�LVU"I `oa nWU `oa L L+U�K noKjT `oc K I+GJLVU�KjI�LVU�GWT B]a�\ L [ T L+U�K g K�� I+Kjn [R` T \�\ e KjI c

L
t;e [ T�n UfG \ qQ` T \][RY KjI+K Y 	x� a�b�\ Kjl a KQT�LVPit �6a�\+[ T�n 
 q �9KQGWT�KjL GWP 	 � yWzoz ��� � \ c KMLVU `8Y � 
 tWKQI \
KjL GJP 	�� yWzWz�� �mg `oa T Y L+UfGJL q I `W\+\+` v KQI U ` L \ e ` L \-`;qjqQa I�e KjI+UfGWe \�` T�K K v KjI]t �Jz � b G q I `o\+\ LVU�K
noKQT `Wc K
	sF KQT `Wc K�� [RY K	GWTfGJPSt \+[S\ b tHGWT ` LVU�KjI qj`oc e `o\][ L+K � P [ �JKQP [ U `8`;Y�c KMLVU `8Y � ` T�K9LVUfG0L qj` T �
\+[RY KQI \ I+Kjn [R` T \9` g � � � z \][ L+K \ IVGJL+U�KQI9LVUfGJT�efG [ I \9` I&LVI [ e�PSKjL \	` g \+[ LVK \�� e"I+K Y"[Rq L \ L+UfGJL6U ` L \ e ` L \
`;qjqQa I K v KQI^t 	 z � b � C K GJI+T�U�KQG Y GWT Y � c([ L+U � yJzoz�� ��	 �7IVG � g ` I Y KjL(GWP 	�� yJzoz � � �&a�\+[ T�n LVU�K
r X � c(`8Y KQP Y K \+q I [Sb K Y b KQP ` � � GWP \+` qQ` T q P a"Y K Y LVUfG0L \]a�b�\ L_GWT�L [ GWP T a�c b KQI \(` g q I `o\]\+` v KjI

U ` L \ e ` L \ GWe�e�K GWImL `~b K `;qjqQa I [ T�n noKjT `oc K � � [RY K
	 � U�Kjt�g `oa T Y G0L PRK G \ L ` T�KkU ` L \ e ` L � � [ LVU
K \ L [Rc GJLVK Y�[ T!L+KQT \][ L
t LVKjT�L [Sc K \ PRGWI+nWKQI9LVUfGWT q I `W\+\+` v KQI IVG0LVK \6`oa L \+[RY K�LVU"K-U ` L \ e ` L �8[ T 	 � ` g

� � noKQT�K \ g I `oc L+U�K D0FHGJI�ILKMFNDPO Q S Y GJLVG \ KML 	

� ����� [ ^ ����� ������������� ��� ������� �
	 

� � � ��� �
����������� X T ` L+U�KQI c KjLVU `;Y LVU�GJL UfG \

\ U ` � T \+a"qQq K \+\ [ T K \ L [Sc GJL [ T�n hfT"K � \]q GWPSK I+GJLVK \�` g q I `o\]\+` v KjI [R\ LVU�K r X � � [ �WKjP [ U `;`8Yd` g � [
GWT Y �8L+KQe�U"KQT \ � yWzoz 	 � � � U [Rq U w)GWPRP � yJzoz � � T ` L+K \ U�G \ G \]c GWPSPRKjIOI `;` L c K GWT \ l a GWI]K KQI]I ` I
g ` I K \ L [Rc GJL [S` T ` g � LVU�GWT b�` LVU=LVU�K(LVU�I]KQK � \+[ LVK GJT Y L � ` � \][ L+K c KjLVU `;Y�\ � U�KQT)K \ L [Rc GJL [ T�n



yJz

q I `o\]\+` v KjImIVG0LVK \ GWP ` T�K 	 � U [R\	c~`8Y KjP�g ` I c a P GJL+K \ GWT GJe�e�I ` � [Rc GJL [R` T L ` LVU�KOP [ �WKjP [ U `;`8Y � � � �
n [Sv KjT=G qQ` PSPRK q L [S` T ` g6UfGWe�P ` L
t8e K \��<qj` T \+[SY KQI [ T�ndGJPRP \ KQnoI]KQn�G0L [ T"n \+[ L+K \k[ T G \ G c e�PRK I]KQn [S` T

\][Rc a PSL_GJT�K `oa"\ PSt~IVG0LVU�KjI L+UfGWT G \ efG [ I \ ` ImL+I [ e�PRKML \ � \ KQK �7UfGWe;LVKQI y ��	

� U [S\ GWe�e�I ` � [Sc G0L [R` T [R\�\]a�b B K q LdL `Bqj` T Y�[ L [R` T \ \+[Sc~[ P GWI L ` L+U `o\ K ` gkLVU�K e�I]K v8[R`Wa�\ Pit

c KQT�L [R` T�K Y)c KjL+U `;Y"\�� T�G c KjPSt [ T L+U�K qj` GWPRK \+q KQT�L c(`;Y KQP [ L [Rc e�P [RqQ[ LVPit G \+\+a"c K \ 	 �;e K qQ[ h �
q GWPRPit � LVU�Kkr X � c(`;Y KjP<G \]\+a�c K \ LVU�GJL LVU�K q U"I `oc(`o\+`Wc K \ [ T LVU"KHe"I+K \ KQT�L � Y G t \ G c e�PSK�UfG v K
K vo` P v K Y a T Y KjI�G qj` T \ L_GWT�L � \+[S| K Y � IVGJT Y�`oc PSt c GJL [ T�n e ` e a P G0L [R` T�� [ LVU T `�\ KjPRK q L [S` T 	 � U�K

[ T"hfT [ LVK � \+[ LVK \ G \+\]a�c e"L [S` T � G \ [S\ \ U ` � T PRGJLVKjI ��[S\ I+KjP G �;K Y 	

� U�K [ I c KjLVU `;Y UfG \ GWP \+` b KQKjT \ U ` � T$L ` K \ L [Sc GJL+K T ` T � a T [ g ` I c � � [ LVU [ TBP `8qQ[ � [ LVU

I]K G \]` TfG b PRK6G qQqja IVG q t � G L ` e [Sq6qja I+I]KQT�LVPit ` gfU ` L [ T�LVKjI+K \ L [ T noKjT�KjL [RqQ\ 	 C ` I K��"G c e�PRK � GWe"e�P [ K Y

L ` � p Y GJL_G [ TdLVU�K 
 N � � L+U�K P `;q GJL [S` T \ GWT Y [ T�L+KQT \][ L [ K \ ` g�LVU�K r X � c(`;Y KQP � \ K \ L [Rc GJL+K Y

q I `o\]\+` v KjI U ` L \ e ` L \ q P `o\ KjPSt qQ` I]I `ob�` I+GJLVK � [ L+U LVU `o\ K(g `oa T YxY"[ I+K q L+PSt v8[ G \ e�KQI c GWT�GWPSt \+[S\

� �7IVG � g ` I Y KML-GJP 	 � yWzoz � ��	

X�\ \+[Rc a P GJL [R` T \ UfG v K \ U ` � T L+UfGJL LVU"K [ I c KMLVU `8Y UfG \ G P ` �6KQI I `;` L c KQGWT \ l a GWI]KkKQI+I ` I

g ` I	K \ L [Rc GJL [S` T ` g � LVUfGWT~GWT�t ` g LVU�K ` LVU"KQI c KMLVU `8Y�\ I+K v;[ K��6K Y [ T LVU [S\ e�GWe KjI � e KjI+UfGJe \ L+U�K

r X � c(`;Y KjP c~[ noU�L b K~G b PSK L ` b KML+LVKjI K \ L [Rc GJLVK noKjT�K qj` T v KjI \+[S` TxI+GJLVK \ G \ �6KQPSP 	 �
T=LVU [S\

L+U�K \][R\�� �6K [ T qQ` I]e ` IVGJL+K�noKjT�K qQ` T v KjI \][R` T [ T!L ` L+U�K�r X � c~`8Y KjP ` g � [ GWT Y �!LVKQe"U�KQT \ � yWzoz 	 �
GJT Y [ T v K \ L [ noGJLVK LVU�K G qQqja IVG q t ` g�LVU"K I+K \+a PiL [ T�n c(`;Y KQPmg ` I [ T"g KjI+KjT q K ` T IVG0LVK \~` g noKjT�K

qj` T v KjI \+[S` T GWT Y q I `o\+\]` v KQI�	-w)KHg a I]L+U�KQI c~` I+K G [Rc L ` K��"G c([ T�K b�` LVU LVU�K G v KQI+GWnoK I]KQP G0L [Sv K

I+GJLVK ` g	noKQT�K qj` T v KQI \+[S` T L `�q I `o\+\]` v KQI � � �<[ T L+U�K U a�c GJT=nWKQT `oc K GWT Y L+U�K v GWI [ G b�[ P [ L
t [ T

I+GJLVK \ ` g�L+U�K \ K I]K qj`oc b�[ TfGJL [S` T e�I `;q K \]\ K \ G q I `o\+\ L+U�KkU a"c GWT noKjT `oc K 	

� ` �mGWI Y�\ LVU [S\ KQT Y � �7UfGWe;LVKQI y qQ` T \+[SY KQI \ K \ L [Rc GJL [ T�n IVG0LVK \ ` g�noKjT�K qQ` T v KjI \][R` T�GWT Y

q I `o\]\+` v KjI [ T�G I]K v8[R\ K Y�v KQI \+[S` T ` g�LVU�K r X � c(`;Y KjP � G \+\]a�c([ T�n qQ` T \ L_GJT!L�IVGJL+K \(` g noKjT�K

qj` T v KjI \+[S` T GJT Y~q I `o\]\+` v KjI G \ �6KQPRP�G \ �!T ` � T UfGJe�P ` L
t8e�K [ T"g ` I c G0L [R` T 	 �7UfGWe"L+KQI 	 K��"e"P ` I]K \
G b�[ G \d[ T3noKQT�K qQ` T v KQI \+[R` T K \ L [Sc GJL [R` T3G \]\ K \+\ K Y v8[ GBK c e [ I [Rq GWP \ L a�Y�[ K \ GWT Y3qQ` T \][RY KjI \

G c K GWT \(` g qQ` I]I+K q L [ T�n=L+U [R\ `ob"\ KQI v K Y b�[ G \ 	 �7UfGJe"LVKjI � qQ` T \][RY KjI \ K \ L [Rc GJL [ T�n IVG0LVK \(` g
nWKQT�K qj` T v KjI \+[S` T=GWT Y q I `o\]\+` v KjI a"\+[ T"n e�UfG \ K � a T �!T ` � T nWKQT ` L
t8e�K [ T"g ` I c GJL [S` T 	 �7UfGWe"L+KQI

� K��;e�P ` I+K \Hv GWI [ G b"[ P [ L
t [ T IVGJL+K \H` gmI]K qj`oc b�[ TfGJL [S` T G q I `o\]\ L+U�K~nWKQT `oc K ��a�\][ T�n G Y�Y"[ L [S` TfGWP



y �

\ L_G0L [R\ L [Sq GWP c KMLVU `8Y�` P ` nWt 	 �7UfGWe;LVKQI { e�I]K \ KjT�L \ G$T"K�� qj` GWPSK \+q KQT�L � b G \ K Y � q U�I `oc(`o\+`oc K
\+[Rc a P GJL [ T�n�e�I ` nWIVG c L+UfGJL [ T qQ` I]e ` I+GJLVK \kb ` L+U q I `o\]\+` v KjI GWT Y noKjT�K qj` T v KjI \+[S` TxU ` L \ e ` L \ 	

�7UfGWe"L+KQI � \+a�c(c GJI [R| K \ `oa I c G [ T hfT Y�[ T�n \ GWT Y qQ` T q P a�\+[S` T \ 	



yWy

-/7�� ����� 	��

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

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

�
T L+U [R\ q UfGJe"LVKjI � �6K qj` T \][RY KjI-K \ L [Sc GJL [ T�n qj` T \ LVGWT�L�I+GJLVK \�` g q I `W\+\+` v KQI GWT Y noKQT"K qQ` T �
v KQI \+[R` T ` v KQI � [ P `ob G \ K \]q GWPSK \�a"\+[ T"n e ` e a P G0L [R` T Y G0L_G 	 r ` e a PRGJL [S` T Y GJL_G qj` T \][R\ L \�` g Y G0L_G
qj` PRPSK q LVK Y ` T q U�I `Wc~`o\]`oc K \O` g [ T Y�[Sv8[SY�a GWP \ IVGWT Y"`oc Pit \ G c e"PRK Y g I `Wc G(e ` e a PRGJL [S` T 	6N�KjI+K

�6K a�\ K-� � r Y GJL_G 	 � G q U [ T Y�[iv8[RY�a GJP;UfG \ L � `kq U�I `oc~`W\+`oc K \ I]KQe�I]K \ KjT�L [ T"n G noKjT�KjL [Rq I]KQn [S` T
� efGJL+KQI+T�GWP GWT Y�c GJL+KQI]TfGWP qj` e [ K \ ��	 X qQ`Wc b�[ T�GJL [S` T ` g*� � r \ GWP ` T"n LVU"K \ G c K q U�I `oc~`W\+`oc K
[S\ I]Kjg KjI+I+K Y L ` G \ G . G+$�K / I ' $5F�	 �
T c(`o\ L qQa I+I+KjT�L Y GJLVG qj` PRPSK q L [R` Tde�I ` L `8qQ` P \�� ` T"K `ob�\ KQI v K \
` T�PSt�L+U�K efG [ I ` g6� � r qj` T"hfn a IVGJL [R` T \ GJL�K G q U \+[ L+K ` T G q U�I `oc(`o\+`oc Kkg ` I-GJT [ T Y"[Sv8[RY�a GWP �

[ 	 K
	~L+U�K 0 F+, / I ' $5F [ T;g ` I c GJL [S` T 	 N�GWe�P ` L
t;e�K \ L
t8e [Rq GWPRPit UfG v K~L ` b K~K \ L [Sc G0LVK Y g I `oc LVU [S\

[ T"g ` I c GJL [R` T~GJg L+KQI Y G0L_G qj` PRPSK q L [R` T �8v8[ G � p GWT�GWPSt \+[S\7` I \+[Rc([ PRGWI c KQGWT \ 	 C ` I6LVU [R\mq UfGJe"LVKjI �

�6K � [ PRP G \]\+a�c KOUfGWe�P ` L
t8e K \ GWI]K �!T ` � T � [ L+U `oa L	KjI+I ` I�	sw K � [ PRPfI+KjP G � L+U [R\ G \]\+a�c e"L [S` T [ T
�7U�GWe"LVKjI � 	

C [ I \ L �6K a e Y G0LVK L+U�K c~`8Y KQP ` g � [ GJT Y �8L+KQe�U�KjT \ � yWzoz 	 �7L ` B]`o[ T�LVPSt K \ L [Rc GJLVKkI+GJLVK \-` g
nWKQT�K qj` T v KjI \+[S` T�GWT YBq I `o\+\]` v KQI a�\][ T�n�� p Y G0L_G 	 � K��8L �7K�K��;e�P ` I]K \+`Wc K e"I ` e�KQI^L [ K \ ` g
L+U [R\ a e Y GJLVK Yxc(`;Y KjP7GJT Y G \]\ K \]\ [ L \ G qjqQa I+G q t [ T)I]K qj`oc b�[ TfGJL [S` T)I+GJLVK~K \ L [Rc GJL [R` T � U�KQT

GJe�e�P [ K Y L `-\][Rc a P GJL+K Y Y GJL_G \ KjL \ 	 C [ TfGWPSPSt � �6K GWe�e"PSt `oa I c~`8Y KQP�L ` LVU�KRD0FHGJI�ILKMFNDPORQ�S Y G0L_G \ KjL

L ` [ T"g KjI noKQT `Wc K � � [RY K IVGJL+K \ ` g�I+K qj`oc b�[ TfGJL [R` T [ T�U a"c GWT \Oa T Y KQI v GWI [S`oa�\ G \]\+a�c e"L [R` T \ 	

� ��� ����� �
	����  � �

6 ��	 	 ��
  � � � ��	��
��	������ ����� � � �-� �  	��

� U"K�r X � � [ �WKjP [ U `;`8Y ` g � [ GWT Y �8LVKje�U�KjT \ � yWzoz 	 � [S\ G c~`8Y KjPsg ` IkK \ L [Rc GJL [ T�n q I `o\+\]` v KQI
I+GJLVK \*a�\][ T�n b�[ GWPSPRKjP [Rq � [ T�noPSK � a�q KjP ` L [RY K6r ` PSt c~` I+e�U [S\+c �.� � r � e ` e a PRGJL [S` T Y GJL_G 	��<KjL � b K
L+U�K-e ` e a P GJL [R` T � \+q GWPRK Y I+GJLVK ` g q I `o\+\]` v KQI e�KQI a T [ L7e�U�t \+[Rq GWP Y"[R\ LVGWT q K 	 � UfGJL [R\��!� % ���%�  �



y 	

� U�KQI]K �%� [S\ L+U�K7K � K q L [Sv K6e ` e a P G0L [R` T \+[R| K � GJT Y  [S\ L+U�K7G v KQIVGJnoK7e�I `ob G b"[ P [ L
t ` g�G q I `o\]\+` v KjI

e KjI a T [ L e�U�t \+[Sq GWP Y�[R\ L_GWT q K e�KQI q U�I `oc(`o\]`oc K [ T)G \+[ T�noPRK(LVI+GWT \+c([R\]\+[S` T g I `oc efGWI+KjT�L L `

`W�#\ e�I [ T�n 	=� [ T q K  [R\ L
t;e [Rq GJPRPSt \]c GWPSP �s` TxLVU�K ` I Y KQI ` g�� q 
 � 
 b$[ TxU a�c GWT \��	Y"[Sv8[RY�[ T�n

LVU [S\ e�GWIVG c KjL+KQI b t LVU�K(e�U�t \+[Sq GWP Y�[S\ L_GJT q K [ T b G \ KQefG [ I \ n [Sv K \ LVU�K q I `o\+\]` v KQI e�I `Wb G b�[ P [ L
t

e KjI b G \ KjefG [ I �  �� � � � U [Rq U q GWT b KkGWe�e�I ` e�I [ GJLVKjPSt \+q GWPRK Y b t � �%�6L ` LVU�K q I `o\]\+` v KjI�I+GJLVK e�KQI
b G \ KjefG [ I � � � � 	 � ` T \+[SY KQI � UfGWe"P ` L
t8e�K \��  ������� � � � 	 � U�K P [ �WKjP [ U `;`8Y � � � � q GWT b K b I ` �WKjT
Y�` � T [ TdL+U�K g ` PRP ` � [ T�n c GWT�T"KQIQ�

� � � � % r&I � �  ������� � � �
	 � � % r&I � �  	 � ��r9I � � � 	 �  2�� �������_r&I � � ��	 �  ������� � � ���  2 � �
� � y 	 � �

� U a"\ [ g ` T�K q GWT qj`oc e a LVK~r&I � � � 	 �  ������� � � � �  2 � � � g ` IHK v KjI]t � % � ������� � � � � y 	 � � q GWT b K

qQ`oc e a L+K Y 	 � U [S\ qQ` T Y"[ L [S` TfGWP6e�I `Wb G b�[ P [ L
t � [ PSP Y Kje KjT Y ` T G \]\+a�c e"L [R` T \ I]KQn�GJI Y�[ T�n LVU�K

e�I `8q K \+\ K \ G � K q L [ T"n LVU"K-K vW` P a L [R` T ` g#LVU�K�I+KQn [R` T a T Y KjI \ L a�Y t �"[ T q P a"Y�[ T�n \ KjPRK q L [S` T �!c a LVG �
L [R` T � I]K qQ`Wc b�[ T�GJL [S` T � GJT Y e ` e a P GJL [R` T�K vo` P a L [R` TfGJI]t U [R\ L ` I]t 	 u T"g ` I]L a TfGJLVKjPSt � K v KQT a T Y KQI

a T�I+KQGWP [S\ L [Rqk\+[Sc e�P [ g t [ T"n G \+\]a�c e;L [R` T \�` T LVU"K \ K e�I `8q K \+\ K \�� L+U�K \ K e�I `ob G b�[ P [ L [ K \mq GJT�T ` L b K

qQ`oc e a L+K Y 	 � U�KQI]Kjg ` I]K � [ GWT Y �8L+KQe�U"KQT \ e"I `8q KQK Y L ` G+$�$�' / � %()4GJI F r&I � � � 	 �  ������� � � � �  2 � �
GWT Y c a PiL [ e"PSt$LVU�K \ K qQ` T Y�[ L [R` TfGJP \ L ` noKMLVU�KjI L ` noKjL GWT3GWe"e�I ` � [Rc GJL [S` T ` g � y 	 � � ��q GWPRPSK Y
LVU�K r9I `;Y"a�q L ` g X e�e"I ` � [Rc GJLVK � ` T Y�[ L [S` TfGWP \ � r X ����	 � U�K [ I~g ` I c a PRGJL [S` T�G \+\]a�c K \ L+UfGJL

�  ������� � � � [S\ G(I+GWT Y�`oc \ G c e�PRK g I `Wc G(e ` e a P GJL [R` T�LVU�GJLOUfG \ K vo` P v K Y � [ L+U qj` T \ L_GWT�L \][R| K �

IVGWT Y"`ocDc GJL [ T�n � GWT Y T ` \ KQPSK q L [R` T 	

� [ GWT Y �8L+KQe�U"KQT \ � yJzoz 	 �kG \+\]a�c K \ K G q U�T"K�� UfGWe�P ` L
t8e K � � [R\ G c~`W\ G [Sq~` g L+U�K e�I]K �
v;[S`oa�\ PSt `ob"\ KQI v K Y UfGWe�P ` L
t8e K \
�  ������� � � � �  G \([ T C [ n 	 y 	 � � � U [Rq U qQ` T \][RY KjI \ L � `)Y�[R\ L [ T q L

K��"G c e�PRK \H` g ��� qj` T Y�[ L [S` TfGWP ` T `ob"\ KQI v8[ T�n �  ������� � ��� 	 �
T LVU [S\k[ PRP a�\ L+IVGJL [R` T � LVU"K(hfI \ LkL � `
� � r \ � I+Kje�I+K \ KjT!L+K Y b t � U [ LVK GWT Y b P G q � qj[ I q PRK \ � ` g ����� GWI]K qQ` T \][RY KjI+K Y c~`W\ L q P `o\ KjPSt�I]K �
P GJL+K Y [ T LVU�K [ I�GJT q K \ LVI+GWPsU [S\ L ` I]t L `��  GWT Y LVU"K T�K��8L L+U�I+KjK(� � r \ L `�� � 	 X T [Sc e ` I]LVGWT�L
LVIVG [ L�L+U [R\kc(`;Y KjP q GJe"L a I]K \H[R\ L+UfGJL G \ LVU�K q I `o\+\]` v KQI IVGJL+K [ T q I+KQG \ K \�� �6K(K��;e K q LHLVU�K T�K��

UfGWe�P ` L
t8e K L `H\ � [ L q U � U [Sq U e�I]K v8[R`oa"\ PSt `Wb�\ KjI v K Y UfGWe�P ` L
t8e K [ L � qj` e [ K \ �Hg I `oc c(` I]K ` g LVKQT

� �6K � [ PRPoLVKjI c L+U�K \ K \ � [ L q U�K \ � B]a�c e \ � � � G \ [R\ LVU�K q G \ K � [ LVU ����� 	 � U a"\*[ g ����� [R\�`ob�\ KQI v K Y �



y �

3h

2h

1h

4

4 ����������������������������������������������������������������������
������������������

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

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


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

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

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

�
�
�
�
�
�
 ����������������������
A

Bh

h

C [ n a I]K y 	 �W� � � ` K��"G c e�PRK \�` gsT�K�� Pit `Wb�\ KjI v K Y UfGWe�P ` L
t8e K ��� G \ G c(`o\+[ G qk` g&e�I]K v8[R`Wa�\ Pit
`Wb�\ KjI v K Y UfGWe�P ` L
t8e K \ �  � � � � ��� 	 N�KjI+KHLVU�KjI+K GWI]K h v K(� � r \�� I+Kje�I+K \ KQT�L+K Y b t b PRG q � � � U [ LVK
qj[ I q PRK \���[ T LVU"K~I]KQn [S` T 	 � U�K~K��;e K q LVK Y T a�c b KQI ` g � B]a�c e \ � GWP ` T"n ��� g I `oc�qj` e�t [ T�n ` T�K
U�GWe�P ` L
t;e�K L `dqj` e�t [ T�n GWT ` L+U�KQI [ T q I]K G \ K \ G \ LVU�K I+GJLVK ` g q I `o\+\]` v KQI [ T LVU"K(I]KQn [S` T � � ��[ T �
q I+KQG \ K \ 	 C ` I�LVU [R\ I+KQG \+` T � ������c([ noU�L b K I+Kje�I+K \ KQT�LVGJL [iv K ` gmG�U [ noU�KjI a T Y KjI+Pit [ T�n � L+UfGWT
����� � `oa P Y b K 	

�6K c([ nWU!L \]a�\ e�K q LmLVU"K q I `o\]\+` v KjImIVGJL+K [S\ U [ noU�KjI [ T~G I+Kjn [R` T(L+UfGWT [ g �6K-UfG Y�`ob�\ KQI v K Y������ 	
C ` IOLVU�K T"K��8L qQ` T Y�[ L [R` TfGJP�e�I `ob G b"[ P [ L
t [ T L+U�K r X � c~`8Y KjP � r&I � ��� 	 �  ������� � ��� � � ���H[R\ e a L
[ T�L ` L+U�K qj` PRPSK q L [R` T ` g�e�I+K v;[S`oa�\ PSt `ob�\ KQI v K Y UfGWe"P ` L
t8e�K \�� G \+\][ noT�K Y [ L \�` � T Y�[S\ L [ T q L*efG0L+LVKjI+T

` I qQ` P ` I � GJT Y ���O[R\ g ` I c K Yd`oa L ` g�e [ K q K \O` g �  � 	 	 	 � ��� 	
� U [S\mc(`o\ G [Sq�[SY K G [R\ KQG \+[ PSt q GJe"L a I]K Y�b t�G N [RY"Y KQT 
 GWI � ` v 
 `8Y KQP �;\ U ` � T [ T C [ n 	 y 	 y 	

NOKQI]K LVU�K U [RY�Y KQT \ L_GJL+K \ Kjl a KQT q K � LVU�K���� � \�[ T C [ n 	 y 	 y � [R\ GWT [ T Y"[Rq G0L ` I � qj` P ` I � ` g � U [Rq U
U�GWe�P ` L
t;e�K �  ������� � � � L+U�K T�K�� UfGWe�P ` L
t8e K � ���  qj` e [ K \ GJL KQG q U \+[ L+K ��� % � � 	 	 	 � � � � U�KQI]K �
[S\ L+U�K T a�c b KQI ` g6� � r \ 	 � U�K `Wb�\ KjI v K Y Y GJL_G~GWI+KHLVU�K � � r3GWPRPSKQPSK \ � L+U�K���� � \�[ T C [ n 	 y 	 y � �
� U [Rq U [ T LVU [S\ K��"G c e"PRK(GWI+K ` g � ���  	 X �JKjt=l a K \ L [R` T [R\ U ` � L ` c GJL+U�K c GJL [Sq GWPSPSt I+KjP GJL+K

L+U�K T ` L [S` T ` gHG � B]a�c e �=L ` L+U�K a T Y KQI]PSt [ T"n q I `o\+\]` v KQI�I+GJLVK �B[ T G I+Kjn [R` T 	 � G \ K Y ` T

U"K a I [R\ L [Rq GWI]n a�c KQT�L \�� � [ GWT Y �8L+KQe�U"KQT \ � yWzoz 	 � \+a nWnoK \ L L+UfGJL ��qj` T Y�[ L [R` TfGWP ` T `ob"\ KQI v8[ T�n

� UfGWe�P ` L
t8e K \��
B]a�c e [ T"n g I `oc qQ` e�t [ T"n ` T�K�e�I+K v8[R`oa�\ PSt `ob�\ KjI v K Y U�GWe�P ` L
t;e�K L ` GJT ` LVU"KQI

[ T �  ������� � � � � U [ PRK g ` I c~[ T�n�LVU"K � � � � ���! mUfGWe�P ` L
t8e K `8qQqja I \ G \ Gdr `W[R\+\]` T e�I `8q K \+\ GWP ` T�n



y �

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

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

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

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

X1

1 2

X2

3

X3X

LSSSS

XLco
C [ n a I+K y 	 y � �
PRP a"\ LVI+GJL [S` T ` g<LVU�KkN [RY�Y KjT 
 GWI � ` v 
 `8Y KjP ` g � [ GWT Y �8LVKje�U�KQT \ � yWzoz 	 ��	 � U�K
b P G q �dGJT Y � U [ LVK���� � � % � ������� � � � I]KQe�I]K \ KQT�L LVU�K `ob�\ KQI v K Y � � r \-` g&T�K�� U�GWe�P ` L
t;e�K � ���  	
� U�K qj` P ` I]K Y GWT Y efGJL+L+KQI]T�K Y � �fI]KQe�I]K \ KjT�LmLVU�K a T `Wb�\ KjI v K Yd[ T Y�[Sq GJL ` I ` g � U [Rq U�e"I+K v8[S`oa�\ Pit
\ KQKjT UfGWe"P ` L
t8e�K �  ������� � � �s[R\�b K [ T�n � qj` e [ K Y ��GJLs� � r ��[ THnoKjT�KQI+GJL [ T�n � � �  	 � U�K B]a�c eHg I `oc
qQ` e�t [ T�n L+U�K \+` P [RY � qQ` P ` I	UfGWe�P ` L
t8e K�L ` LVU"K Y G \ U � P [ T�K-e�GJL+L+KQI+T"K Y UfGWe�P ` L
t8e K [ T b KML �7KjKQT � �
GWT Y � ��[S\ [ T Y�[Sq GJL [Sv K ` g q I `o\]\+` v KjI � P [ �JK���� qj` � � b KQUfG v8[R`oa I�	



yJ{

L+U�K q U"I `oc(`o\+`Wc K � [ L+U)IVG0LVK ��� � e KjI a T [ L e�U�t \][Rq GWP Y"[R\ LVGWT q K 	 � U a"\��&qQ` T Y�[ L [R` T [ T�n ` T �

`Wb�\ KjI v K Y UfGWe"P ` L
t8e�K \�� L+U�KkLVIVGJT \+[ L [R` T�e�I `ob G b�[ P [ L [ K \6` g*L+U�KHN [SY�Y KQT 
 GWI � ` v �7UfG [ T GJI+KHG \

g ` PRP ` � \��;b G \ K Y ` T L+U�K e�I `Wb G b�[ P [ L
t ` g�G B]a�c e `8qQqQa I [ T"n ` I T ` L b KML �7KjKQT \+[ L+K \ � GWT Y � � �o�

r&I � � � �  %�� � �  	 � � %�� � � % ���� K��;e�� 	 � � � Y � � � � �
	 � 	 K��;e � 	 � � � Y � � � ��� ��� � � � [ g
� � �  %�� � 2	�� 	 K��;e � 	 � � � Y � � � ��� � � � � � ` LVU�KjI � [S\ K �
� y 	 y �

� U"KQI+K Y � [S\ L+U�K b G \ KjefG [ I Y"[R\ LVGWT q K b KjL �6KQKjT � � r \ � GWT Y � � � 	 � U�KQI]K [S\ GWT Kjl a GWP

e"I `ob G b�[ P [ L
t ` g B]a"c e [ T�n L ` GWT�t�n [iv KQT UfGWe�P ` L
t8e K �f[ T q P a�Y"[ T�n [ L \ KjPSg � n [Sv KjT G B]a�c e `;qjqQa I \ 	

w K�T ` LVK(LVUfGJL � � � T�KQK Y T ` L b K qj` T \ L_GWT�L G q I `W\+\ G noKQT�KML [Sq I+Kjn [R` T b�a L q GWT)I+KQe"I+K \ KQT�L(G

v K q L ` I ` g v GJP a K \�Y KjT ` L [ T�n h�T�K � \+q GJPRK v GWI [ G b P [ L
t [ T q I `o\]\+` v KjI�IVGJL+K \ [ T�LVU"K I+Kjn [R` T � [ 	 K
	
�� % � �  � � � ������� � ��� �  � g ` I � � � r \�� � U"KQI+K � � [R\ LVU�K q I `o\]\+` v KjIkIVGJL+K b KML �7KjKQT)� � r \ � GWT Y
� � � ��	 C ` ImLVU [S\ q UfGWe"L+KQI � �6K qQ` T \][RY KjI G qj` T \ L_GWT�LOIVGJL+K ` g � � � [ T G nWKQT�KML [Rq I]KQn [S` T 	

u \+[ T"n \][Rc a PRGJL [S` T \�� � [ GJT Y �8L+KQe�U"KQT \ � yWzoz 	 � \ U ` � LVU�GJL6L+U [R\ g ` I c a PRGJL [S` T � ` I � \ l a�[ LVK
�6KQPSP b�a L e�I `8Y�a�q K \d\ t \ L+K c GJL [Sq b�[ G \ K \�[ T K \ L [Rc GJL+K Y v GWP a K \ ` g � � G b�[ G \ �6K \+[Rc([ PRGWI+Pit

g `Wa T Y G0g LVKQI [ T qQ` I]e ` IVGJL [ T�nBnoKjT�K qj` T v KjI \+[S` T [ T �8K q 	 y 	 y � I+K \+a PiL \ `oc~[ L+L+K Y ��	 � U�KMt a�\ K

L+U�K \ K \+[Rc a P GJL [R` T I+K \+a PiL \ L ` \]a nonoK \ L6G \ P [ noU�L+PSt GWPSL+KQI]TfGJL [iv K7g ` I c a PRGJL [S` T ` g Kjl a GJL [S` T � y 	 y � �
L+KQI c K Y �+r X � � � � [ T � [ GWT Y �8L+KQe�U�KjT \ � yWzoz 	 ��	 � U�K \ K \][Rc a P GJL [R` T \ G \+\]a�c K Y G qQ` T \ LVGWT�L �
\][R| K Y � I+GWT Y�`oc PSt c GJL [ T�n e ` e a P G0L [R` T�g I+KjK ` g \ KQPRK q L [R` T 	

�
T L+U�K ` I [ n [ T�GWP � [�� �8LVKje�U�KQT \&[Rc e�PRK c KjT!LVGJL [S` T � LVU�K `ob�\ KjI v K Y(\ L_G0LVK \ KQl a KQT q K qQ`oc e ` �
T"KQT�L ` g�LVU�K N [SY�Y KQT 
 GWI � ` v �7U�G [ T � L+U�K e"I `ob G b�[ P [ L
t ` g `ob�\ KQI v8[ T�n�G~� � r qQ` T"hfn a I+GJL [S` T

n [Sv KjT LVU�K-UfGWe�P ` L
t8e K-t `oa GWI]K qQ` e�t [ T"n � GWPSP ` � \ g ` I � [Sc e�KQI^g K q L � qQ` e!t [ T�n LVU�GJL Y Kje KjT Y�\ ` T
G c a LVGJL [S` T efGWIVG c KMLVKQI ��% � �%� 
 � � [ L+U 
 LVU�KHe�I `Wb G b�[ P [ L
t ` g c a L_GJL [R` Tde�KQI c K [R`o\][R\ e�KQI
\][ L+KW�

r&I � � ���  �� � %�� 	 � � %�� � �  ������� � � � � % ���� ��� � y � � �� � � � � ���� � � ��� � � � �� � ��� � � %�� 2
� � � y � � �� � � � � �� � � ��� � ���%�� � � y 	 	 �



y��

N�KQI]K � ��I+Kjg KjI \ L ` LVU�K e�I+K v;[S`oa�\ PSt `ob�\ KjI v K Y UfGWe�P ` L
t8e K �  � 	 	 	 � � � LVUfG0L � � �  [S\-qQ` e!t [ T�ndGJL
� � r � � �� I+Kjg KjI \ L ` LVU�K � [ GWT Y �8L+KQe�U"KQT \ � yJzoz 	 � h �;K Y$q U `o[Sq K�L ` I+KQe"I+K \ KQT�L�� � GWT Y � � � �
I+Kjg KjI \ L ` LVU�K � � r GWPSPRKjPRK ` g*UfGWe�P ` L
t8e K � GJL�� � r � ��` g � U [Sq U LVU"KQI+K GWI+KkL � ` e `o\+\][Rb�[ P [ L [ K \
� K 	 n 	�� b P G q � � ` I � � U [ LVK����mG \ LVU�K � � r \ GWI]K b�[ GWPSPRKjP [Rq 	

� [ GWT Y �!LVKQe"U�KQT \ � yWzoz 	 � a"\ K �� % ��� ���  ���  � ��� � �  �sb G \ K YB` T w)GJL+L+KQI \+` T � \ K \ L [Sc G0LVK

� w)GJL+L+KQI \]` T � � � � � � � � [ LVU � KQl a GJPmL ` LVU"KdL ` L_GJP7T a�c b KQI ` g�UfGWe�P ` L
t8e K \ [ TxL+U�K \ G c e�PRK
	

� U [R\ q U `W[Rq K ` g �� n [iv K \ G $�'-% / '-%�GWT K��;e K q LVGJL [S` T ` g ` T�K c a L_G0L [R` T K v KQT�L e�KQI \][ LVK [ T LVU�K

U [R\ L ` I^t ` g<LVU�K \ G c e�PRK b�a L GWPSP ` � \ g ` I7I+Kje KQGJL c a L_GJL [R` T 	 �
T LVU�K-K v KjT�L ` g G c a LVGJL [S` T � LVU�K

\+[ L+K c a LVGJLVK \ L ` K [ L+U�KQIO� � r GWPSPRKQPSK � K 	 n 	 � b P G q � � � � � U [ LVK���� � [ LVUdKjl a GWP�e�I `ob G b�[ P [ L
t 	

�
TBI]K GWP [ L
t �*` g qj`oa I \ K � g ` I G T�K�� UfGWe"P ` L
t8e�K � � �  �&[ L [S\ a T q KQI^L_G [ T � U [Rq UBe"I+K v8[S`oa�\ Pit

`ob�\ KjI v K Y U�GWe�P ` L
t;e�K �  � 	 	 	 � � � �"[R\ qQ` e [ K Y GJL K G q U \+[ LVK � � 	 	 	 � ��` I � U�KMLVU�KjI L+U�K qQ` e!t [ T�n �mG \

[Rc e KjI]g K q L 	 � U a�\ LVU"K G a LVU ` I \ \+a�c ` v KQIOGWPRP#e `o\]\+[Sb�[ P [ L [ K \ L ` G q U [ K v KHr&I � � ���  	 �  ������� � � � � �

r9I � � � �  	 �  ������� � � � ��%��
	���
�

� �  r&I � � ���  �� � 	 � � %�� � � � �  


� �  r&I � ��� �  %�� � �  	 � � %�� � � � � � � ��� �
� y 	�� �

� U�KQI]K � � [S\ L+U�K �  �� KQPSK c KQT�L ` gfL+U�K v K q L ` I �� LVU�GJL [ T Y�[Rq GJLVK \ L+U�KmUfGJe�P ` L
t8e�K �  ������� � � �&qQ` e [ K Y
GJL K G q U � � r � � 	 	 	 � � [ T U�GWe�P ` L
t;e�K � � �  	 � U [R\ \+a"c~c GJL [S` T q GJT b K6G qQqQ`Wc e�P [R\ U�K Y K @(qQ[ KQT�LVPit
a�\+[ T�n LVU"K � G a�c � w KQP q U�GWPRn ` I [ LVU c 	 � U [R\m[S\mq GWP qQa PRGJLVK Y g ` ImKQG q U � % � � 	 	 	 � � � 	 � � � GWT Y LVU�K
I+K \]a PSL [ T�n r&I � � � �  	 �  ������� � � � � GWI]K c a PSL [ e�P [ K Y L ` noKjL+U�KQIkL ` n [Sv K � � � ��	�� [ GWT Y �8LVKje�U�KQT \

� yWzoz 	 � a�\ K r&I � �  ��%  ��� 	
X hfTfGWP qQ`Wc~c KQT�L [R\ LVUfGJLHLVU"K�r X � P [ �WKjP [ U `;`8Y Y KQe�KQT Y�\ ` T)L+U�K ` I Y KjI [ T � U [Rq U LVU�K

UfGWe�P ` L
t8e K \ �  ������� � � � GJI+K qQ` T \+[RY KQI+K Y [ TdL+U�K qQ` T Y�[ L [R` TfGJP e�I `Wb G b�[ P [ L
t 	 � `~Y KQGWP � [ L+U�LVU [S\��
� [ GJT Y �8L+KQe�U"KQT \ � yWzoz 	 � \+a nonWK \ LsG v KQI+GWn [ T�n ` v KjI�P [ �JKQP [ U `8`;Y�v GWP a K \ g I `oc \ K v KQI+GWP;I+GWT Y�`Wc Pit

\ KQPSK q LVK Y(` I Y KQI \�� GWT Y LVU [S\&[R\ GWP \+` LVU�K \ LVIVG0LVKQnJt �7K�G Y�` e"L	U�KQI]K 	 C ` I9GWPSPfGWTfGJPSt \ K \ e"I+K \ KQT�LVK Y

[ T LVU [R\ q UfGWe"L+KQI � �7K G v KQI+GWnoK Y ` v KjIOK \ L [Rc GJLVK \ g ` ImLVKQT IVGJT Y�`oc ` I Y KjI \ ` g�LVU�KkUfGWe"P ` L
t8e�K \ 	



y �

� ��� �3� ��	���� 	 �&���  ���� ��������� 	������ �&�
 	��  �� � 	�� ���*� 	 � �  � � 
� ��	 	 �

F KQT"K qQ` T v KQI \+[R` T � [ PRP9GJP \+` PRKQG v K Y�[S\ L [ T q L c GWI � \ ` T � p efGJL]LVKjI+T \ G c~` T�n \ L UfGWe"P ` L
t8e�K \

L+UfGJL~LVU�K c~`o\ G [Rq [RY K G ` g�LVU�K r X � P [ �WKQP [ U `8`8Y�q GWT [SY K GWPSPStBe [Rq � a e 	 C [ n a I+K y 	 	 n [Sv K \
GJT K���G c e�PSK ` g � UfG0L L+U�K \ K efG0L+LVKjI+T \ c([ noU�LdP `8` � P [ �JK 	 X n�G [ T qQ` T \][RY KjI L � ` Y"[R\ L [ T q L

K��"G c e"PRK \ ` g ��� qj` T Y�[ L [S` TfGWP ` T `ob�\ KjI v8[ T"n �  ������� � ��� 	 �
T LVU [S\ [ PRP a�\ L+IVGJL [R` T � L+U�K c G B]` I [ L
t
` g ������qj` e [ K \ g I `oc �  � L+U a"\�������c([ nWU!L b K~L+U `oa noU�LHL ` b K c~`o\ L q P `o\ KQPit I+KQPRGJLVK Y)[ T [ L \

GJT q K \ LVI+GWP U [S\ L ` I]t=L ` �  � K�� q Kje"L g ` I LVU�K c([RY"Y PRK � � r � � U [Rq U$UfG \ b KQKjT �]I]KQe�PRG q K Y � b t
G � � r g I `Wc � � GJL L+U [R\ P `;q GJL [S` T 	 � a�q UxG qQ` e!t [ T�n \]q U�K c K(I+K \ K c b PRK \ L+U�K~e�GJL+L+KQI+T LVU�GJL

c([ nWU!L b KdK��;e�K q LVK Y g ` PRP ` � [ T�n G noKjT�K qQ` T v KjI \][R` T�K v KjT�L 	�w K � [ PSP6LVKjI c \]a�q U K v KQT�L \ �

\][ noT�GJL a I]K \6` g�e ` LVKQT�L [ GWP�noKQT"K qQ` T v KQI \][R` T�� �]I+Kje�P G q K c KQT�L \ 	 � X T�GWP GWn `oa�\ L ` L+U�K q I `o\+\]` v KQI
q G \ K � G \ LVU�K�noKQT�K qj` T v KjI \+[S` T$IVGJL+K [ T q I+KQG \ K \ [ TBG I]KQn [S` T �6K � `oa P Y K��;e�K q L c(` I]K \+a�q U

I]KQe�PRG q K c KjT�L \ L `�`8qQqja I � U�KjT noKQT"KQIVG0L [ T"n~LVU"K T�K��@U�GWe�P ` L
t;e�K g I `oc e�I+K v8[R`oa�\ PSt `ob"\ KQI v K Y

` T�K \�� G \	[R\ L+U�K q G \ K�� [ L+U ����� 	 � U a�\7[ g ����� [R\9`ob�\ KQI v K Y � �6K c([ noU�L \+a�\ e K q L6LVUfGJL9L+U�K-noKjT�K
qj` T v KjI \+[S` T I+GJLVK [S\ U [ nWU�KQI [ TdL+U�KkI+Kjn [R` T�L+UfGWT [ g �7KkUfG Y `ob"\ KQI v K Y ����� 	

� ` LVK�L+UfGJL LVU"K noKQT�K qj` T v KQI \+[S` T e�GJL+L+KQI+TdP `;` � \m\][Rc([ PRGWI	L ` LVU�KkefG0L+LVKjI+TdK��;e�K q LVK Y g I `oc
L � `=q I `W\+\+` v KQI \ 	 N ` �7K v KQI � G �WKMt Y�[S� KQI]KQT q K [S\ LVU�GJL � [ L+U�G �]I]KQe�PRG q K c KjT�L � K v KQT�L � L+U�K
U�GWe�P ` L
t;e�K qQ` e [ K Y b Kjg ` I]KHGWT Y GJg LVKjI L+U�KkK v KQT�L [S\ g ` I q K Y L ` b K L+U�K \ G c K � � U [ PRK � [ LVUdL � `

� B]a�c e \�� �(L+U [R\ T�KQK Y T ` L b KHL+U�K q G \ K
	 � U a�\ e�KQI+U�GWe \ LVU�K c~`o\ LOe�P G a"\+[Rb PRK K��;e�PRGWTfGJL [R` T ` g
\]a�q UdG efG0L+LVKjI+T [S\ G \][ T�nWPRK �]I+Kje�P G q K c KQT�L � IVGJL+U�KQI	LVUfGWT~L � ` � B]a"c e \ 	 � w U�KjT qQ` T \+[RY KQI [ T�n

` T�PSt L+U�K6g `oa I�UfGJe�P ` L
t8e�K \�` g C [ n 	 y 	 	 � [ L c G t b K Y�[A@(qQa PSL�L ` KjP a�qj[RY G0LVK � U�KjL+U�KQIsG�I+KjP GJL [Sv KQPSt
U [ noU�KjI noKQT�K qQ` T v KQI \+[R` T IVG0LVK ` I(G=I]KQPRGJL [iv KQPitBU [ noU�KQI q I `o\]\+` v KjI IVG0LVK b K \ L(h�L \ LVU"K Y G0L_G

a T Y KQI `oa I c(`;Y KjP 	*N ` �7K v KjI � G Y"Y�[ T�n c(` I+K UfGWe"P ` L
t8e�K \��;` T�K�GJL6GHL [Rc K � U�KjPRe \6[RY KjT!L [ g t L+U�K

c(`o\ L&P [ �WKQPit \+q KjTfGWI [R` 	 �
T efGJI]L [SqQa PRGWI � LVU�K I]K c G [ T [ T�n a T [ l a K U�GWe�P ` L
t;e�K \���` T�K \ � U `o\ K�� � r
e�GJL+L+KQI+T \ UfG v K�T ` L b KQKQT \ KjKQT [ T=L+U�K�e�I]K v8[R`Wa�\ Pit `ob�\ KQI v K Y UfGJe�P ` L
t8e�K \�� e�I ` v8[SY K(g a I]LVU"KQI

[ T"g ` I c GJL [R` T 	 C ` I6K��"G c e�PRK �"[ g LVU�K c G B]` I [ L
t ` g<L+U�K�I]K c G [ T [ T�n a T [ l a K-UfGWe�P ` L
t8e K \mq GWT b K

e [ K q K Y L ` noKjL+U�KQI [ TdG c GWT�T"KQI \][Rc([ P GJI	L ` LVUfGJL ` g ����� [ T C [ n 	 y 	 	 �8[ L \ KQK c(\ P [ �WKQPit LVUfGJL L+U�K
I+GJLVK ` g nWKQT�K qQ` T v KQI \+[R` T [ T LVU�K I]KQn [S` T [R\ U [ noU�KjI*LVUfGJT L+U�K IVGJL+K ` g q I `o\+\]` v KQI�	 } L+U�KQI � [R\ K ��[ g



y �

3h

2h

1h

4

4

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

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

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


����


������������������

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

A

Bh

h

C [ n a I+K y 	 	 � � � ` K��"G c e�PRK \�` g&T�K�� Pit `ob�\ KQI v K Y UfGWe"P ` L
t8e�K ��� G \ G c(`o\][ G qk` g&e"I+K v8[S`oa�\ Pit
`ob�\ KjI v K Y U�GWe�P ` L
t;e�K \ �  � � � � ��� 	 � U�K K��;e�K q L+K Y T a�c b KjI ` g �]I]KQe�PRG q K c KjT�L \ ��GWP ` T�n ��� �
� U�KQI]K qQ` e�t [ T"n ` T�K UfGJe�P ` L
t8e�K [S\ [ T�L+KQI a e"LVK YBb t b I [ K ��t qj` e�t [ T�n GWT ` LVU�KjI �&[ T q I+KQG \ K \ G \
LVU�KkIVG0LVK ` g�noKQT�K qQ` T v KQI \+[R` T [ T�L+U�KkI+KQn [R` T � � �f[ T q I]K G \ K \ 	 C ` ImLVU [R\ I+KQG \+` T � �����)c([ nWU!L b K
I+KQe"I+K \ KQT�L_G0L [Sv K ` gsG U [ nWU�KQI a T Y KQI]PSt [ T�n � LVUfGWT ����� � `Wa P Ydb K 	

LVU�K ` e�e `o\+[ LVK��7KjI+KOLVI a K � t `oa � `oa P Y K��"e�K q LmL `H\ KjK-LVU"K c G B]` I [ L
t ` g LVU�K�I+K c G [ T [ T"n a T [ l a K

UfGWe�P ` L
t8e K \ e [ K q K Y L ` nWKjLVU"KQI [ T=G c GWT"T�KQI \][Rc([ P GJI�L ` L+UfGJL ` g �����B[ T C [ n 	 y 	 � 	 N ` �6K v KQI �
�7K q G a L [S` T=L+UfGJL [SY KQT�L [ h G b�[ P [ L
t Y"` K \Hb K qj`oc K~G qQ` T q KjI+T [ g	K [ L+U�KQI L+U�K IVGJL+K ` g q I `o\]\+` v KjI

` I noKQT"K qj` T v KjI \+[S` T [S\ [ T"h�T [ L+K 	 �
T e�IVG q L [Sq K � L+U [R\ qj`oa P Y b KHGWT [R\]\+a K [ g K [ LVU�KjI IVGJL+K [R\ �^L `;`
P GWI]noK � �HL+U `oa nWU �7K�UfG v K-tWKjL6L ` h�T Y G���LVU�I]K \ U ` P Y �Hg ` I � U [Rq U [RY KjT!L [ h G b�[ P [ L
t [S\ G e�I `ob PRK c
[ T GJPRP \+[Sc a PRGJL [S` T \ �7K UfG v K a�\ K Y L ` LVK \ L `Wa I c(`;Y KQP 	 � U"K I+K \+a PiL \ g ` I \+`Wc K ` g�LVU"K \ K

\+[Rc a P GJL [R` T \ � [ PSP b Kke�I+K \ KQT�L+K Y PRGJLVKjI [ T�LVU [R\ q UfGWe;LVKQI�GWT Y LVU"KHI]K c G [ T Y KQI ` g�L+U�K LVU�K \+[R\ 	

r KQI]UfGWe \ LVU�K c(`o\ L `Wb!v8[S`oa�\ �mG t L `H[ T qQ` I+e ` IVGJL+KmnoKjT�K qj` T v KjI \+[S` T [ T�L ` LVU"K�r X � c(`;Y KjP

� `oa P Ykb KsL ` [ T qj` I+e ` IVG0LVK*L+U�K \ K �]I]KQe�PRG q K c KjT�L \ � [ T!L ` LVU�K9U [SY�Y KQT \ L_GJL+K \ KQl a KjT q K �  ������� � � �
G \k[ T C [ n 	 y 	�� 	~N ` �7K v KjI �&q GJe"L a I [ T�ndLVU"K(g KQGJL a I]K \H` g7L+U�K \ K�K v KQT�L \��&\ e�K qj[ h q GWPRPit I+K q GWPSP [ T�n
LVU�K UfGJe�P ` L
t8e�K �6K �7KjI+K qQ` e�t [ T"n g I `oc b KMg ` I+K-L+U�K I+Kje�P G q K c KQT�L b KQn�GJT [ TdG Y�Y"[ L [S` T�L ` LVU�K

UfGWe�P ` L
t8e K �6K GWI]K qQa I]I+KQT�L+PSt qQ` e!t [ T�n � I]KQl a�[ I+K \ G \ K qj` T Y � ` I Y KQI 
 GWI � ` v �7U�G [ T � � U [Rq U

\+a�b�\ L_GWT�L [ GWPSPSt [ T q I]K G \ K \ LVU�K qQ`oc e a L [R` T�GWP qQ`oc e�PSK�� [ L
t 	 X TfG [Sv K [Sc e"PRK c KQT�LVGJL [S` T � `oa P Y



	 z

S2

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

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

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

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

X1

1

X2

3

X3X

LSSS

XL

gc

S

C [ n a I]K y 	���� �
T qj` I+e ` I+GJL [ T�ndnoKQT�K qQ` T v KQI \+[R` T [ T�L ` LVU"K~U [SY�Y KjT \ LVGJLVK \ Kjl a KQT q K 	 N�KjI+K �7K
qj` e�t g I `oc LVU�K \]` P [SY � qj` P ` IOU�GWe�P ` L
t;e�K a T�L [ P�LVU�K nWKQT�K qj` T v KjI \+[S` T K v KQT�L `;qjqQa I \�� b KjL �6KQKjT
�  GWT Y � � � GJL�� U [Rq U e `o[ T�L �7K qQ` e�t G T�K�� Y G \ U � P [ T�K efGJL]LVKQI]T�K Y UfGWe�P ` L
t8e K
		w U"KQT L+U�K
nWKQT�K qj` T v KjI \+[S` T K v KjT�L�KjT Y�\���b KML �7KjKQT � � GJT Y � � � �6K I+KjL a I+T�L ` qQ` e�t [ T�n L+U�K \]` P [SY � qj` P ` I
U�GWe�P ` L
t;e�K 	 u T�P [ �WK `Wa IkGWe�e�I ` G q U � L+U [R\ c(`;Y KQP&GWPSP ` � \ G�noKjT�K qQ` T v KjI \][R` T K v KjT�L L ` \ efGWT
c(` I]K�LVUfGWT ` T"K c GWI �WKQI b�a L [ T q I]K G \ K \ LVU"K qj`oc e a L_G0L [R` TfGWP qj`oc e�PRK�� [ L
t ` g LVU"K GJPRn ` I [ L+U c 	

S

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

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

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

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

X1

1

X2

3

X3X

LSSS

XL

2S

gc

C [ n a I]K y 	 � � �
T qj` I+e ` I+GJL [ T�n-noKjT�K qj` T v KjI \+[S` T [ T�L ` LVU�K `ob�\ KQI v K Y \ LVGJLVK \ Kjl a KQT q K 		N�KjI+KmnoKjT�K
qj` T v KjI \+[S` T [S\ G \+\+a"c K Y L ` G � K q L GJL c(`o\ L ` T�K \][ LVK ��\]` L+UfGJLHLVU�K(U [RY"Y KQT \ L_G0LVK \ KQl a KjT q K
I]K c G [ T \ a T q UfGWT"noK Y 	 C ` I K��"G c e�PSK ��[ TdL+U [R\ hfn a I+K � � �  qQ` e [ K \ g I `oc L+U�K \+` P [RY � qQ` P ` I7UfGJe �
P ` L
t8e K G0L � � � b�a L Y�` K \k\]` � [Sc e�KQI^g K q LVPSt � � qQ` e!t [ T�n L+U�K Y G \ U � P [ T�K efG0L+LVKjI+T�K Y U�GWe�P ` L
t;e�K
[ T \ L+K G Y �;\][ noT [ g t [ T�n LVU"K�I]KQe�PRG q K c KjT!L7K v KQT�L 	 � U [S\ g ` I c a PRGJL [S` T \+a e"e `o\ K \ L+U�K�L+IVG q L7PSKQT�nJLVU
` g*noKjT�K qQ` T v KQI \][R` T K v KQT�L \�[R\ PRK \+\ LVU�GWT�LVU�K \ e�G qQ[ T�n b KjL �6KQKjT qj` T \ K qQa L [Sv K � � r \ 	



	 �

I+KQl a�[ I+K qQ`Wc e a L_GJL [R` TfGJP qj`oc e"PRK�� [ L
t�� � � � � �6g ` I � UfGWe"P ` L
t8e�K \ GWT Y � � � r \�� qQ`oc efGWI]K Y L `
��� � � �6g ` ImL+U�K ` I [ n [ T�GWP r X � � [ L+UdT ` nWKQT�K qQ` T v KQI \+[R` T 	

w K&LVU�KjI+KMg ` I+K9L `8` � G Y�[i� KjI+KQT�L�GWe�e"I ` G q U �Wb G \ K Y ` T G \+\+a"c~[ T�n LVUfGJL I]KQe�PRG q K c KjT!L K v KQT�L \
G � K q L G0L c~`W\ L ` T"K � � r 	 u T Y KQI LVU [R\ G \]\+a�c e"L [R` T �6K q GWT c(`;Y KQP	I+KQe"P G q K c KQT�L \ [ TxLVU�K

`ob�\ KjI v K YB\ LVGJLVK \ KQl a KjT q KdG \ [ T C [ n 	 y 	 � � \+[Sc~[ P GWI-L ` L+U�K �7G t c a LVGJL [S` T �mG \ c~`8Y KjPRK Y [ T

� [ GJT Y �8L+KQe�U"KQT \ � yWzoz 	 ��	 � U [R\ G \+\]a�c e;L [R` T \ KjK c(\ I]K G \]` TfG b PRK [ g7L+U�K LVIVG q L PRKQT"nWLVU ` g G

noKQT�K qj` T v KjI \+[S` T(K v KjT�L [S\&\+a @(qj[ KQT�L+PSt \]c GJPRPRKjI�L+UfGWT LVU�K \ efG qj[ T�n b KjL �6KQKjT~LVU"KO� � r \9` g `oa I
Y GJL_G 	 � U [S\ GJe�e KQGWI \ L `Hb K LVU�K q G \ K [ T U a�c GWT \9b G \ K Y(` T LVU�K c(`;Y K \ L9K v;[SY KQT q K ` T U a"c GWT

LVIVG q L	PRKjT�nWLVU \&qQa I]I+KQT�L+PSt(G v G [ PRG b PRK
	 C ` I&K��"G c e"PRK � � K � I]Kjt \ GJT Y 
 G t � yWzoz ��� \+a nonWK \ L c K GWT
LVIVG q L(PRKjT�nWLVU \ [ T$LVU�K 
 N �DGWI+Kde�KQI]UfGWe \ � � ��y � z b e � � U [ PRK h�T�K � \+q GJPRK c GJI �WKjI Y GJL_G=GWI]K �
` T)G v KQIVGJnoK � 	 zoz�� � zozoz b e=GWe�GWI]L � K v KQT g ` IkI+K \ KQl a KjT qQ[ T�n Y GJLVG 	 � U [S\ GJPSLVKjIVGJL [R` T ` gmr X � �
� U [Rq UxI]KjLVG [ T \ LVU�K \ G c K~hfI \ L � ` I Y KQI 
 GWI � ` v �7UfG [ TBG \ LVU�K T ` noKQT"K qQ` T v KQI \+[R` T c(`8Y KQP �

I+KQl a�[ I+K \&` T�PSt G-LVI [Sv8[ GJP [ T q I]K G \ K [ T qj`oc e a L_GJL [R` T L [Rc K 	 � U�KjI+Kjg ` I+K �7K GJPSLVKjIsKQl a G0L [R` T � y 	 	 �
` g�LVU�KkN 
 
 � L+U�K e�I `Wb G b�[ P [ L
t ` g `ob"\ KQI v K Y � � r ��[ T�UfGWe"P ` L
t8e�K � ���  n [Sv KQT�LVU"K e�I+K v;[S`oa�\
UfGWe�P ` L
t8e K �  ������� � � �-qj` e [ K Y GJL � � L ` [ T qj` I+e ` I+GJLVK noKjT�K qQ` T v KQI \][R` T#�

r&I � � ���  �� � %�� 	 ��� %�� � �  ����� � � � � %
�
�������������
������������
�

��� � y � � �� � � � � �� � �
� � � � � � � ���� � 	 � � 	 ��� � � ����� � ��� �

��� � � % � 2
��� � y � � �� � � � � �� � � � � � � � � � �� � � �	� � �
�

��� � ���% � �
� y 	 � �

� U�K e"I `ob G b�[ P [ L
t ` g&G(I+KQe"P G q K c KQT�LOK v KjT�L G � K q L [ T"n~P `;qja�\ �s[R\ Y KQT ` LVK Y b t��	� �<GJT Y �
��%
�
� ��
 � � ��� � ��� 	 �
� � ��
 ���� ��� � � U�KjI+K��
� [S\ LVU�Kke�I ` e ` I]L [R` T ` g*� � r GWPSPRKQPSK \ L+UfGJLOGWI]K � � U [ L+K��
[ T �  ������� � � � GJL�P `8qQa"\ � 	 � U [R\ KQl a G0LVK \ L ` GJPRP ` � [ T�n KQl a GWP e�I `Wb G b�[ P [ L
t�L `�qj` e�t [ T�n~K G q U ` g
LVU�KkK�� [S\ L [ T�n UfGWe�P ` L
t8e K \ GJL LVU�Kkn [iv KjT P `;qja�\ n [Sv KQT G I+KQe"P G q K c KQT�L UfG \ `8qQqQa I+K Y 	

� KQe"P G q K c KQT�L K v KjT�L \�� GWTfGWPRGWn `oa�\ L ` L+U�K � B]a�c e \ � a�\ K Y L ` c~`8Y KQP q I `o\]\+` v KjI*K v KQT�L \*[ T�� [



	 y

GJT Y �!LVKQe"U�KQT \ � yWzoz 	 � � GWI]K6G \+\+a"c K Y L `O`;qjqQa I G \ GOr `o[S\+\+` T e�I `;q K \+\ GWP ` T�n LVU�K	noKQT `oc K � [ LVU
I+GJLVK � � � e KjI a T [ L9e�U�t \][Rq GWP Y�[R\ L_GWT q K 	�w U�KQI]K v KjImG I+Kje�P G q K c KQT�L [ T [ L [ GJL+K \�� LVU�K c K q UfGJT [R\]c

\ e�I+KQG Y�\ ` v KjI�� � y b G \ KjefG [ I \ L ` LVU"K PRKjg L GWT Y I [ noU�L � � U�KjI+K��6I+KQe"I+K \ KQT�L \ LVU�K b G \ KjefG [ I I�' G 4 I
KMF+, 0 I .(` g6G noKjT�K qQ` T v KQI \+[R` T K v KQT�L�	 � U a�\ G I+Kje�P G q K c KQT�L K v KjT!L [ T [ L [ GJL [ T�n L ` K [ L+U�KQI-L+U�K

PSKjg L ` I	I [ nWU!L � [ PSP G � K q L6LVU�K�P `8qQa�\ �<[ g#L+U�K [ T [ L [ GJL [R` T `8qQqja I \ � [ LVU [ T�� � y b G \ KQefG [ I \6` g<P `;qja�\
� 	 � U [S\ n [Sv K \ �	� ��LVU�K g ` PSP ` � [ T"n g ` I c �

��� � % � 	 K��;e � 	 � � � � � � y � � � K��;e � 	 � � � � � � y � � �
% � 	 K��;e � 	 � � � � � � ��� � y 	 { �

w KOPRKjL � % ���%� � � � U�KQI]K � I]KQe�I]K \ KjT�L \ L+U�K-G v KQIVGJnoK-noKjT�K qQ` T v KjI \][R` T e"I `ob G b�[ P [ L
t e�KQI a T [ L

e"U!t \][Rq GJP Y�[R\ L_GWT q K e�KQI q U�I `oc~`W\+`oc K [ T G \][ T�nWPRK L+IVGWT \+c([R\+\][R` T g I `oc efGWI+KjT�L L `�`W� \ e�I [ T�n 	

� [ T q K � [S\ L
t;e [Rq GJPRPSt \+c GWPSP � e KjI+UfGWe \O` TdL+U�K ` I Y KQI ` g � � � � z q 
 � 
 b [ TdU a"c GWT \���Y�[iv8[RY�[ T�n
[ L b t L+U�K e�U�t \][Rq GWP Y�[R\ L_GWT q K [ T b G \ KjefG [ I \ n [Sv K \ L+U�K noKQT�K qj` T v KjI \+[S` T3e�I `ob G b�[ P [ L
t�e�KQI

b G \ KjefG [ I � � � � � � U [Rq U q GJT b K GWe"e�I ` e"I [ G0LVKQPit \+q GWPRK Y=b t ���%�OL ` n [iv K L+U�K noKjT�K qQ` T v KQI \][R` T
I+GJLVK-e KjI b G \ KjefG [ I � � � � ��` g KQl a G0L [R` T � y 	 { ��	 X TfGWPRGWn `oa�\ L `�� � � � �6KHT ` LVK�L+UfGJL � � � T�KQK Y T ` L
b K qQ` T \ L_GWT�L7G q I `o\+\ G noKjT�KjL [Rq I+Kjn [R` T b�a L q GWT I+Kje�I+K \ KjT!LmG v K q L ` I ` g v GWP a K \	Y KQT ` L [ T"nHhfT"K �
\]q GWPSK v GWI [ G b P [ L
t [ T noKjT�K qj` T v KQI \+[S` T IVGJL+K \-[ T LVU"K I+Kjn [R` T 	 C ` IOLVU [S\-q UfGWe;LVKQI � �6K qQ` T \+[RY KQI

G qj` T \ LVGWT�L-I+GJLVK ` g � � � [ T G noKQT�KML [Sq I+KQn [R` T 	

� ��� � �
�

6 ��� 6� ����� �3�������
�  � � �  !	�� �

� U"K e KjI]g ` I c GJT q K ` g LVU�K c~`8Y�[ h�K Y r X � � [ �WKjP [ U `;`8Y �7G \ L+K \ L+K Y GWnoG [ T \ L \][Rc a PRGJLVK Y

Y GJL_G �"a�\+[ T�n(L+U�K ��� \][Rc a P GJL ` I � N a�Y�\]` T � yWzoz�y ��	 �
TdLVU�K � � \+[Rc a P GJL ` I �;qQ` GJPRK \]q KjT!LOLVU"K ` I^t
[S\ a�\ K Y L ` noKjT�KQI+GJLVKHG IVGWT Y�`oc \ G c e"PRK ` g�UfGWe�P ` L
t8e K \ g I `oc G e ` e a PRGJL [S` T [ T�L+U�K G b�\ KjT \ K

` g \ KjPRK q L [S` T 	 � U�K ��� \+[Sc a PRGJL ` I9G \+\+a"c K \ GWT [ T"hfT [ LVK \+[ LVK \6c a L_GJL [R` T c~`8Y KjP 2 LVUfG0L [S\�� K G q U

� � r [ T L+U�K \ G c e�PRK [S\ L+U�KOI+K \]a PSL ` g G \][ T�nWPRK c a LVGJL [S` T [ T LVU"K�U [S\ L ` I]t ` g L+U�K \ G c e�PRK
	 � U�K

K��"G q L \+[Sc a P G0L [R` T efGWI+G c KMLVKjI \9a�\ K Y�[ T � �	GWI+K I]KQe ` I]L+K Y g ` I&K G q U~e�P ` L 	 �
T \+`oc K [ T \ L_GJT q K \��

L+U�K P [ �WKjP [ U `;`8Y�\k` g \ K v KjIVGWP \+[Rc a P GJL [R` T \ �6KQI]K qQ`oc b"[ T�K Yx[ T ` I Y KjI L ` nWKjL c(` I+K�G qQqja IVG0LVK

K \ L [Rc GJLVK \ ` g � � � � ��	 � G q U [ T Y KQe�KQT Y KjT�L \+[Sc a P G0L [R` T ` gOG Y GJL_G \ KjL noKQT�KjIVGJL+K Y$[ T \+a�q U�G



	 	

γ̂  (W)

(0.39)

fr
eq

0 4 8

0
5

15
25

γ̂  (W / 4)

(0.85)
fr

eq
0 4 8

0
5

15
25

γ̂  (W / 1000)

(0.98)

fr
eq

0 4 8

0
5

15
25

C [ n a I+K y 	 { � � �"G c e"PRK ` g c a L_G0L [R` T IVGJL+K~GJT Y nWKQT�K qQ` T v KQI \+[R` T)K \ L [Sc GJL [R` T qj` T"g `oa T Y�[ T"n 	
� U�K7h �;K Y K \ L [Rc GJLVK ` g �� � LVU�K c a L_GJL [R` THefGWI+G c KjLVKjI �oY K q I]K G \ K \ G q I `o\]\sqQ` P a�c T \ G \�� ��� � � �
GWT Y�� � � zozoz 	 � U"K-LVI a K v GWP a K ` g<L+U�K�noKjT�K qQ` T v KQI \+[R` T e�GWIVG c KjL+KQI � � � 	 z � � b � [S\7Y Kje [Rq LVK Y
b tBL+U�K Y�` L+L+K Y$v KjI]L [Sq GWP P [ T�K
	 � U�K efGWI]KQT�LVU"K \ K \ GJL LVU"K b�` L+L `oc ` g�LVU�Kde�P ` L \ I]KQe�I]K \ KjT�L
LVU�K(g G q L ` I ` g L [Rc K \ �� [R\ � [ L+U [ T L � ` ` gmLVU�K(LVI a LVU �*[ 	 K 	 y � z � �� � � b � ��� z 	 � ` LVK~U ` �
Y K q I+K G \+[ T"n �� [ T q I]K G \ K \ LVU�KHG qjqQa I+G q t ` g � K \ L [Rc GJL [S` T 	

c GWT"T�KQI [R\ I]Kjg KQI]I+K Y L ` U�KQI]K G \ G �]P `8qQa�\ 	 � �
T efG \ L \ L a�Y�[ K \�� G qjqQa I+GJLVK B]`o[ T�LOK \ L [Sc GJL [R` T ` g

� � � � �mUfG \ e�I ` v KQT Y"[A@(qQa PiL � GWT Y L+U�K qQ`oc b"[ TfGJL [R` T ` g \ K v KjIVGWP [ T Y KQe�KQT Y KQT�L-P `;qj[ UfG \ b KQKjT
T�K q K \+\ GWI]t~L ` G q U [ K v K�I]K G \]` TfG b PSK�G qjqQa I+G q t�� K
	 n 	 C I [R\]\ K-KML GWP 	 � yWzoz � � � rsL_G��(KjLmGWP 	 � yWzoz � � �
wxGWPSP � yWzoz � � ��	 �
T L+U [R\�\ K q L [S` T �7K qQ`oc b"[ T�K [ T"g ` I c G0L [R` T G q I `W\+\�c a PSL [ e�PRKkP `;qj[ � G \+\]a�c([ T�n

LVUfGJL I+GJLVK \ ` g*nWKQT�K qQ` T v KQI \+[R` T GWI]KkL+U�K \ G c KkG q I `o\]\ P `;qj[ GWT Y LVU�GJL LVU�KkI+GJLVK \O` g q I `o\]\+` v KjI

GWI+KmL+U�K \ G c K G q I `o\]\ P `;qj[ 	 C ` I qQ`Wc efGJI [R\]` T \s[ T � U [Rq U L � ` Y�[i� KjI+KjT!L v KQI \+[R` T \9` g LVU�K c(`;Y KjP

qQ` T \][RY KjI6L+U�K \ G c K \+[Rc a P GJL+K Y~Y GJL_G \ KjL \�� L+U�K \ G c K�IVGWT Y�`ocE` I Y KQI [ T�n \6` g�UfGWe�P ` L
t8e K \ �6KQI+K

a�\ K Y g ` I KQG q U v KQI \+[R` T 	

"$!	� !% � .�/ % 4 F /ed ���� 
��"F 4 I / , 'RF+,
F � / , � F+' S+% / ,*2 GJI F 
�S I6%()4GJI�% / ,

w)K g `oa T Y L+UfGJL LVU"K q U `o[Rq K ` g c a LVGJL [S` T IVG0LVK � �� � [ T�� a KjT q K \ L+U�K 
 � � K \ L [Sc GJL+K ` gmnWKQT�K

qQ` T v KjI \][R` T � �� 	 � U [R\�[R\ T ` L \]a I+e�I [R\][ T�n � G \*b�` L+U qQ`oc e ` T�KQT�L \ GJL+L+K c e"L*L `�q GJe"L a I]K7efG0L+LVKjI+T \

` g � [Sc e�KQI^g K q L qj` e�t [ T�n � [ T LVU�K `ob�\ KQI v K Y�\ L_GJL+K \ KQl a KQT q K ` g L+U�K�N 
 
 GJT Y GWI]KOL+U a�\7b�` LVU



	 �

[ T qQ` I+e ` IVGJL+K Y [ T�L ` Kjl a GJL [S` T � y 	 � ��	��
T e�GWI]L [RqQa P GWI � �7K(g `oa T Y LVUfG0LHL+U�K�� [ GJT Y �!LVKQe"U�KQT \

� yWzoz 	 � q U `o[Sq K ` g �� ` g LVKQT I+K \+a PiLVK Y [ TdG \]a�b�\ LVGWT�L [ GWP a T Y KjI+K \ L [Sc G0L [R` T ` g � 	

X�\ L+U�K c a L_GJL [R` T$efGJIVG c KjL+KQI K \ L [Rc GJL+K �� ` g � [ GJT Y �!LVKQe"U�KQT \ � yWzoz 	 � [R\ \+`Wc K�� UfGJL
GJI b�[ LVIVGJI]t � �6K Y K qQ[SY K Y L `H\ KjK-U ` � GWPiLVKjI [ T"n [ L c~[ noU�L q UfGWT�nWKOL+U�K-G qQqQa IVG q t ` g � K \ L [Sc GJL+K \ 	

w K � [ PSP I]Kjg KjI7L ` LVU"K [ I	h �;K Y K \ L [Rc GJL+K ` g �� G \ � 	*w K Y�[Sv8[SY K Y � b t \ K v KQI+GWP g G q L ` I \ GWT Y

I]K � LVK \ LVK Y L+U�K I+K v8[R\ K Y r X � � [ �WKQP [ U `8`8Y c(`;Y KjP [ T \+[Rc a P GJL+K Y Y GJL_G \ KjL \ 	 � U�K \ K \+[Sc a P G0L [R` T \��
� U [Rq U c GJL q U=LVU `W\ K ` gmwxGJPRP � yJzoz � � ��qj` T \+[S\ L ` g � zoz Y GJLVG \ KML \�� K G q U Y GJL_G \ KjL qQ` T�L_G [ T [ T�n

h v K [ T Y KQe�KQT Y KQT�L P `;qj[ � [ LVU �Wz U�GWe�P ` L
t;e�K \~` v KQI G � � b I]KQn [S` T � � [ LVU � % � 	 z � � b GWT Y

� % � 	 z � � b � K G q U qQ` T \ L_GJT!L G q I `o\+\ LVU�K~I+Kjn [R` T 	 X c a L_GJL [R` T=efGWI+G c KjLVKjI ` g � 	 z � � b �7G \

a"\ K Y 	 u T Y KjI�GJT [ T"hfT [ LVK \][ L+K \ c(`;Y KjP � [ L+UdG c a L_G0L [R` T efGWI+G c KMLVKjI e KjI e�U�t \][Rq GWP Y�[R\ L_GWT q K

� �f\ Kjl a KQT q K PRKjT�nWL+U � � GWT Y UfGWe�P ` L
t8e K T a�c b KjI � � LVU�KkK��"e�K q LVK Y T a�c b KQI ` g \+[ LVK \ q GWT b K

q GWP qja P G0LVK Y G \ � � � � �  
� �  � ��� � � U [Rq U n [Sv K \ � yWy U�KjI+K ��` I�G b `oa L � � � r K v KQI]t yoy�� b e 	 � U�K

c K GJT qQ` T v KQI \][R` TxL+IVG q L �7G \ \ KML L ` � y � b e 2 L+U [R\Hv GJP a K��mG \ a�\ K Y�[ T)LVU"K c(`;Y KjP7G \ �7KjPRP 	

� U"K 
 � � \ ` g � GWT Y � �7KjI+KkK \ L [Rc GJL+K Y�` v KjI G noI [SY�` g v GJP a K \mb G \ K Y ` T wxGJPRP � yWzoz ����� \ KQK
�8K q 	 y 	�� ��	

N [R\ L ` noI+G c~\ ` g �� K \ L [Rc GJL+K Y [ T LVU�K \ K \][Rc a P GJL+K Y Y G0L_G \ KjL \ GWI+K \ U ` � T [ T C [ n 	 y 	 { � g ` I � �

� � � � GWT Y � � � zozoz � � U�KjI+K � % z 	 yoy 	 g ` I6LVU"K \ K \][Rc a PRGJL [S` T \ 	 � ` LVK-L+UfGJLmL+U�K T a�c b KQI ` g
Y GJL_G \ KjL \ � U�KjI+K �� % z Y IVG \ L [Sq GWPSPSt Y K q I]K G \ K \ G \ L+U�K h �;K Y K \ L [Rc GJLVK �� Y K q I+KQG \ K \ � g I `oc PRKMg L

L ` I [ noU�L [ T C [ n 	 y 	 { ��	 � U�K(I [ noU�L � c(`o\ L hfn a I]K Y KQe [Sq L \ � � � zWzoz � � U [Sq U [R\ GWe"e�I ` � [Rc GJLVKjPSt

Kjl a GWP7L ` z 	 zWzoz�y U�KjI+K
	 � U [S\ [R\ LVU�K v GWP a K �6K�T ` � h � �� GJL g ` I \+a"b�\ Kjl a KQT�L a�\ K ` g LVU [S\

c(`8Y KQP 2o[ 	 K 	 �6K a�\ K ���% z 	 zozWz�y 	 � � K q L [Sv KQPit � LVU [S\sv KjI]t \+c GWPSP v GWP a K ` g	�� q GWT b KmL+U `oa noU�L ` g

G \ GWe�e"I ` � [Rc GJL [ T�n ���� z �8` ImG \+\+a"c~[ T�n [ T"hfT [ LVK \+[ L+K \ 	 � U a"\ GWT�t(I+K qja I+I]KQT�L c a L_GJL [R` T�� [ PRP

c(`o\ L6P [ �JKQPSt b K�K��;e�P G [ T�K Y G \ noKQT"K qQ` T v KQI \+[R` T b t `Wa I c(`8Y KQP � LVU `oa noU�I]K qQa I+I+KjT�L c a LVGJL [S` T
GJe�e KQGWI \ L `B`8qQqQa I \+a�b"\ L_GJT!L [ GWPSPSt�PRK \+\�` g L+KQT L+UfGWT noKjT�K qQ` T v KQI \][R` T � I+KjT Y KjI [ T"n \+a�q U3GWT

G \+\+a"c e"L [R` TdI]K G \]` TfG b PSK 	



	 �

γ̂  (fixed)

γ̂

fr
eq

0 4 8

0
10

20
30

γ̂  (geometric)

γ̂
fr

eq

0 4 8

0
10

20
30

ρ̂  (fixed)

ρ̂

fr
eq

0 1 2 3 4

0
10

20
30

ρ̂  (geometric)

ρ̂

fr
eq

0 1 2 3 4

0
10

20
30

C [ n a I+K y 	 � � � `Wc efGJI [ T"n~LVU"K \+a�b LVPRK Y�[S� KQI]KQT q K \ ` g q U�GWT�n [ T�n�LVU"K h �;K Y L+IVG q L�PRKjT�nWL+U L ` G
noK `oc KjL+I [Sq GWPSPSt Y�[S\ LVI [Rb�a LVK Y ` T�K 	�w)K qj` T \+[SY KQI]K YH\+`oc K ` g8LVU"K \+[Rc a P GJL+K Y Y G0L_G \ KjL \<Y K \+q I [Sb K Y
[ T �;K q 	 y 	 	 	 � 	 w K K \ L [Sc G0LVK Y � GWT Y �x` v KQI�G y � � e `o[ T�L � KQl a GJPRPSt \ efG q K Y � � � b noI [SY�` T
� z 	 z � � 	 z � GWT Y G � � � e `o[ T�L � Kjl a GWPRPit \ efG q K Y � � � b noI [RY ` T � z 	 z � � z 	 z � 	 � U�K v KjI]L [Rq GJP Y�` L]LVK Y
P [ T"K \ I]KQe�I]K \ KQT�L LVI a K v GJP a K \ 	 � U�K L ` eBI ` � Y Kje [Rq L \ G U [R\ L ` noI+G c ` g 
 � � K \ L [Rc GJL+K \ ` g
� 2 L+U�K b�` L+L `oc I ` � Y KQe [Sq L \ G U [R\ L ` noI+G c�` g 
 � � K \ L [Sc GJL+K \�` g � 	 � U�K qj` P a�c T \�Y KQe [Sq L
K \ L [Rc GJL [S` T a�\+[ T�n G~h �"K Y LVI+G q L-PRKQT"nWLVU � PRKMg L � GWT Y G~noK `oc KjL+I [Sq L+IVG q L�PRKjT�nWL+U � I [ noU�L�	 � ` LVK
LVU�K [ T;g KQI+KjT q K [S\ T�K GWI]PSt [RY KjT!L [Rq GWP#g ` I KQG q U ` g � GJT Y�� G q I `o\+\ qj` P a�c T \ 	



	 {

"$!	� !#" 'RF / )�F I6'-% 4HGJK K ' � %MS I�'+%�" � I F17 � ' G 4 I � F+, 0 I . S

� l a GJL [R` T � y 	 { � G \]\+a�c K \ LVUfGJLOLVU"K LVI+G q L�PRKjT�nWL+U � [S\ h �"K Y 	 � U�KQI]K [R\ \]`oc KHK v8[SY KQT q K LVU�GJL
L+U�K L+IVG q L PSKQT�nWL+U ` g G noKjT�K qQ` T v KQI \+[R` T [R\ noK `oc KjL+I [Sq GWPSPSt Y"[R\ L+I [Sb�a LVK Y � [ LVU \]`oc Kdh �;K Y

c K GJT�PRKjT�nWL+U ��� � N [ PSP [ �JKQI&KML GWP 	 � ��� � � ��	s� a�q UdG Y"[R\ L+I [Sb�a L [S` T(UfG \ L+U a�\mb KQKQT \]a�b�\ KQl a KQT�L+PSt
a"\ K Y=b t \ K v KjIVGWP9I]K \ KQGWI q U"KQI \ � K
	 n 	 � KMLVIVGJT KjLHGWP 	 � � � � � � � w [Ra g6GWT Y N�K [ T � yWzozWz � � C I [R\]\ K
KMLOGWP 	 � yWzWz � � � r&LVG���KML�GWP 	 � yWzoz � � � wxGWPSP � yWzoz � � ��	 C ` PSP ` � [ T�nHLVU [S\ e�I+K q K Y KQT�L � �6K c(`8Y�[ hfK Y
� y 	 { �6L ` GWPSP ` � g ` I G noK `oc KjL+I [Sq GWPSPSt Y�[R\ LVI [Rb�a L+K Y LVI+G q LOPSKQT�nWL+U [ T�LVU�K g ` PSP ` � [ T"n c GJT�T�KQIj�

��� � % � 	 r&I � T ` ��� �����  ��r&I � T ` �����
	�� �� �
% � 	 r&I � T ` ��� �����  � �
�� �  r9I � T ` �	����	�� �  	 � ��r&I � � �
% � 	 r&I � T ` ��� �����  �����*K��;e �

	
� � � � � y � � ��� � � � 	 K��;e � 	 � � � � � y � � � ����K��;e � 	 � � � � � y � � ���

% � 	 	 � �sK��"e � 	 � � � � � y � � � � � � � 	 K��;e � 	 � � � � � y � � � ���sK��;e � 	 � � � � � y � � � � � � �
� y 	 � �

NOKQI]KHl�� � � � � 	
N ` �6K v KQI ��\][Rc a PRGJL [S` T I+K \]a PSL \ � K
	 n 	 C [ n 	 y 	 � � \ U ` �7K Y L+UfGJL�L+U�KQI]K �mG \ P [ L]LVPRK Y�[i� KjI+KQT q K

b KjL �6KQKjT a�\+[ T�n � y 	 { � v KQI \+a�\ � y 	 � � �;[ 	 K 	&G \]\+a�c([ T"n G h �;K Y L+IVG q LmPRKjT�nWL+U v KjI \+a"\ G \+\+a"c~[ T�n G
nWK `oc KjL+I [Rq GWPRPit Y�[R\ LVI [Sb�a L+K Y LVIVG q L 	 � U�KQI]Kjg ` I]K � g ` I9I+K G \+` T \	` g \+[Rc e�P [RqQ[ L
t GWT Y([ T�LVKjI+e�I]KjL_G b�[ P �
[ L
t � �6K I+K qj`oc(c KjT Y a�\+[ T�n LVU�K v KQI \+[R` T [ T � y 	 { ��	 } T�K T [Rq Kmg K GJL a I+K ` g a�\][ T�nHG�h �;K Y LVI+G q L [S\
L+UfGJL Y�`Wa�b P [ T�n LVU"KkL+IVG q LOPRKQT"nWLVUdn [iv K \ K���G q LVPit�UfGWPig�LVU�KkK \ L [Sc GJL+K Y noKjT�K qQ` T v KjI \][R` T IVGJL+K 	

"$!	� !	� � / , � F+' S+% / , � ' G 4 I � F+, 0 I . 2 F S I�'+% 4 I�% / , S

} T�K Y�[S\ G Y"v GWT�LVGWnoKkL ` LVU�K �mG t noKQT"K qj` T v KQI \+[S` T UfG \�b KjKQT [ T qj` I+e ` IVG0LVK Y [ T�L ` L+U [R\Oc~`8Y KjP

[S\ LVUfGJL9L+U�K c KMLVU `8Y � T ` L \+a I+e�I [R\+[ T�noPit � e�KQI]g ` I c(\ e `8` I+Pit � U�KjT~LVU"KOL+IVG q L6PSKQT�nJLVU�� [R\ PRGWI+noKjI

L+UfGWT LVU"K G v KQI+GWnoK \ efG qQ[ T"n b KjL �6KQKjT c GWI �JKQI \ 	 � U�K c(`;Y KQP `oa LVP [ T�K Y [Sc e"P [Rqj[ L+PSt�G \+\+a"c K \��
g ` I�LVU�K qQ`Wc e a L_GJL [R` TfGJP qQ` T v KQT [ KQT q K ` gmG vo`W[RY�[ T�n G \ K qj` T Y)` I Y KjI 
 GWI � ` v q U�G [ T � L+UfGJL G
�^I+KQe"P G q K c KQT�L � K v KjT!L � [ PRP�G � K q L GJL c~`W\ L ` T�K \][ LVK
	 � U�K�K � K q L ` g G \+[Sc a P G0LVK Y~qQ` T v KQI \][R` T



	 �

γ̂  (gc = 1.0/kb)

γ̂

fr
eq

0 1 2 3 4

0
10

30
50

γ̂  (gc = 2.0/kb)

γ̂

fr
eq

0 1 2 3 4

0
10

30
50

γ̂  (gc = 4.0/kb)

γ̂

fr
eq

0 1 2 3 4

0
10

30
50

ρ̂  (gc = 1.0/kb)

ρ̂

fr
eq

0 1 2 3 4

0
10

30
50

ρ̂  (gc = 2.0/kb)

ρ̂

fr
eq

0 1 2 3 4

0
10

30
50

ρ̂  (gc = 4.0/kb)

ρ̂

fr
eq

0 1 2 3 4

0
10

30
50

C [ n a I+K y 	 �"� � U"K K � K q L ` g UfG v8[ T"n~G L+IVG q L PRKjT�nWL+U qj` T \][RY KjIVG b Pit�PRGWI+nWKQI7L+UfGWT c GWI �JKQI \ e�G q �
[ T�n 	 � U�K-L ` e I ` � Y Kje [Rq L \ G U [R\ L ` nWIVG c ` g 
 � � K \ L [Sc G0LVK \	` g � 2 L+U�K b�` L]L `oc I ` � Y Kje [Rq L \
G-U [R\ L ` nWIVG c ` g 
 � � K \ L [Rc GJLVK \s` g � 	 � U�K qj` P a"c T \�Y KQe [Rq L*LVI a K v GJP a K \s` g � % � 	 z � y 	 z � GWT Y
� 	 z � � b � I+K \ e�K q L [Sv KQPSt 	 � U"K v KQI]L [Rq GWP Y G \ U�K Y P [ T"K \ I+Kje�I+K \ KjT!L�LVU�K L+I a K \+[Sc a PRGJLVK Ydv GWP a K \ ` g
� GWT Y�� 	 � ` LVK�LVUfGJL � [R\7a T Y KjI+K \ L [Sc GJL+K Y GWT Y��(` v KjI+K \ L [Sc GJL+K Y � LVU�K c GWnoT [ L a�Y K ` g�LVU"K \ K
K � K q L \�[ T q I]K G \ K \ G \ LVU"KkL+I a K v GWP a K ` g � [ T q I+KQG \ K \ 	



	 �

L+IVG q L PRKQT"nWLVU3LVUfGJL Y�` K \ T ` L g ` PSP ` � L+U [R\ G \]\+a�c e"L [S` T [R\dY�[R\ e�P G tWK Y [ T C [ n 	 y 	 � 	 � U�K \ K

\][Rc a P GJL [R` T \kqj` T \+[S\ L+K Y$` g �Wz Y G0L_G \ KjL \�� K G q U ` g�� U [Sq U qQ` T�LVG [ T�K Y h v K [ T Y Kje KjT Y KQT�L P `;qj[

` g �Wz UfGWe"P ` L
t8e�K \H` v KQI G � � b I+Kjn [R` T � � [ LVU � % � 	 z � � b GWT Y � % � 	 z � y 	 z � GWT Y � 	 z � � b 	
� U"K c a LVGJL [S` T�efGWIVG c KMLVKQI �7G \�\ KjL�L ` � 	 z � � b � n [Sv8[ T�n G b�`oa L � � � r e KjI yoy � b e 	 � U�K

c K GJT LVI+G q L-PRKjT�nWLVU��mG \�qQ` T \+[RY KQIVG b PSt P GJI+noKjI�G0L �Wzoz b e � � U [Rq U [S\-[ T G qjqQ` I Y GWT q K L ` � UfGJL
X I Y P [ KHKjLkGJP 	 � yWzoz � �OG \+\+a"c K Y g ` I�LVU"K [ I c KQGWT L+IVG q L � U�KQT L+U�Kjt g `oa T Y K v8[RY KjT q K ` g	noKjT�K
qj` T v KjI \+[S` T [ T Y GJLVG�� [ LVU � � U a�c GWT \]a�b B K q L \ � ` LVU"KQI � [S\ K(LVU�K \+[Sc a P G0L [R` T \ c~[Sc~[Sq LVU `W\ K
` gmwxGJPRP�� yWzoz � � ��	 � U�K~LVIVG q L PSKQT�nJLVU �7G \ h �;K Y GJL �WzWz b e [ T LVU"K c~`8Y KjP 	 � U�K 
 � � \ ` g
� GWT Y � �6KQI]K K \ L [Rc GJL+K Y ` v KjIkG y � � e `W[ T�L � KQl a GWPSPSt \ e�G q K Y � � � b nWI [RY ` T � z 	 z � � 	 z � GWT Y G

� � � e `o[ T�L � KQl a GJPRPSt \ efG q K Y � � � b nWI [RYd` T � z 	 z � � z 	 z � 	

u T Y KQI	LVU�K \ K�efGWIVG c KMLVKQI \��8c GJT!t ` g LVU�KOnoKjT�K qj` T v KQI \+[S` T K v KQT�L \ � [ PRP G � K q L c(` I]K L+UfGWT

` T�KH� � r 	 X-\ `Wa I c(`;Y KjP G \]\+a�c K \ noKjT�K qQ` T v KQI \+[R` T \ q GWT G � K q L ` T�PSt ` T�KH� � r G0L G L [Rc K �

\]a�q U K v KQT�L \ � [ PRP!P [ �WKQPit b K [ T�LVKjI+e�I]KjLVK Y G \ L � ` q I `o\+\]` v KQI \ 	 � U a�\ LVU�K 
 � � K \ L [Sc G0LVK ` g � [S\

b"[ G \ K Y Y�` � T �mGWI Y�\ GJT Y LVU�K 
 � � K \ L [Sc G0LVK ` g � [S\&b�[ G \ K Y(a e �7GWI Y�\�� L+U [R\ K � K q L [ T q I+KQG \+[ T�n

a T Y KQI L+U [R\ \]q KQT�GWI [S` G \ � [ T q I+K G \ K \ 	

N ` �6K v KQI � L+U [R\ G \+\+a"c e"L [R` T LVUfGJL G noKQT"K qQ` T v KjI \][R` T$K v KQT�L(G � K q L \ GJL c~`o\ L ` T"K \+[ LVK

\ U `oa P Y T ` L(e�I ` v KdLVU"K c(`;Y KQPmL `8` I+K \ LVI [Rq L [Sv K [ T c~`o\ L Y GJL_G \]q KQT�GWI [S`o\ 	 � v KQT g ` I(I]K \ K �
l a KjT qQ[ T�n � Y GJLVG c GJI �WKjI Y KjT \+[ L [ K \ GWI]K noKjT�KQI+GWPRPit ` T LVU�K ` I Y KjI ` g ` T�K e KjI �Wzoz b e g ` I

qj`oc(c~` T�� � r \�� GWT Y �9Y K \ e [ LVK � UfGJL X I Y P [ K KjL(GJP 	 � yWzoz � � G \+\]a�c K Y g ` I G L+IVG q L PRKjT�nWLVU �

qja I+I]KQT�L K v;[SY KQT q K ` gsnoKQT�K qQ` T v KQI \][R` T L+IVG q L-PSKQT�nJLVU \�\ KQK c L `�\]a nonoK \ L�L+IVG q L \ GJI+K \ U ` I^LVKQI �

e�GWI]L [RqQa P GWI]PSt [ T U a�c GJT \ 	 C ` I�K��"G c e�PRK � 
 GJT�noKQT b KQI]n�KjLkGWP 	�� ��� � � � g `Wa T Y [ T q KjI]L_G [ T P `;qj[
` g&LVU�K 
 N �ZL+UfGJL c GWT�t noKQT"K qQ` T v KjI \][R` T K v KQT�L \ �]KjT qQ`Wc efG \+\ K Y ` T�PSt ` T�K e ` Pit c~` I]e�U [Sq

I]KQn [S` T � � \]a nonoK \ L [ T�n e ` L+KQT�L [ GWPRPit v KjI]t \ U ` I]L7L+IVG q L \ e KjI+UfGWe \ G \	\+c GWPRP G \ � y b e 	 } g qQ`Wa I \ K �
L+IVG q L \ G \-\]c GWPSP�G \ L+U [R\ � `oa P Y I+KQT Y KQI-L+U�K K � K q L \�` g&noKjT�K qj` T v KjI \+[S` T T�KjnoP [ n [Rb PSK [ T c~`o\ L

e ` e a P GJL [R` T Y GJLVG \ KML \ 	 } T G v KjIVGWnoK � LVI+G q L�PRKjT�nWLVU \ GWI]K6e�I `ob G b PStHP ` T"noKQI�	 � K � I]Kjt \ GWT Y 
 G t

� yWzoz ��� � qQ` T Y"a�q L [ T�n \ e KjI c GWTfGWPit \+[R\H\ L a�Y�[ K \ ` T)L � ` \+a�b B K q L \�� g `oa T Y)qQ` T v KjI \][R` TxL+IVG q L \

L ` UfG v K(G c K GJT PRKQT"nWLVU ` g7G b `oa L � � ��y � z b e 	 � U�Kjt \+a nonWK \ L L+UfGJL ��LVU�K ` T�PSt I+KQG \+` TfG b Pit
q PRKQGWI7K v;[SY KQT q K-g ` I6P ` T"n qQ` T v KQI \+[R` TdL+IVG q L \ � K 	 n 	�� � [ P `ob G \ K ` I \+` �#[ T U a�c GJT \mqQ`Wc K \ g I `oc



	 �

IVGWI]K�noKjI c P [ T"K(I]K v KQI \][R` T \ ` g LVI [ e�PSKjLHI+Kje KQGJL K��;efGJT \+[S` T \ 	�� N ` �6K v KjI � GWe�e�P [Rq GJL [S` T ` g `oa I

c~`8Y KQP L `�\]`oc K I+Kjn [R` T \O` gsLVU�K noKQT `oc K � \]a�q U G \ LVU�K 
 N � � � U [Sq U [R\ �!T ` � T L ` U�G v K GWT
GJL
t8e [Rq GWPRPit U [ noU � � r Y KQT \][ L
t �fc G t(PRKQG Y L ` Y�a"b�[R`oa"\m[ T"g KjI+KjT q K ��a T�PSK \+\ � � r \ GWI+K�LVU [ T�T�K Y
[ T \+`Wc KkIVGJT Y�`oc c GWT�T"KQI�	

"$!	� ! - D %() � K GJI6% / , S b % I . Q / $ � K GJI�% / , 
 � $ G&, S+% / , G&,�7/D I�' � 4 I � ' F

� U�K&e�I+K v8[R`oa�\�\][Rc a PRGJL [S` T \ �7KjI+K qQ` T Y�a�q LVK Y G \]\+a�c([ T�n G qj` T \ LVGWT�L�e ` e a P G0L [R` T \+[S| KsLVU"I `oa nWU �
`oa L-L [Rc K 	 �
T LVI a LVU � L+U�K Y K c~` noIVGWe"U [Rq U [R\ L ` I [ K \O` g	U a�c GWT e ` e a PRGJL [S` T \ GWI+K P [ �JKQPStdl a�[ LVK
G b�[ L c~` I]K qQ`Wc e�PSK�� � K
	 n 	 � I a noPStoG�� � ��� � ��� � r9I [ L q UfGWI Y GJT Y r9I | K�� ` I \ � [ � yWzWz � � ��	 � ` noKjL
GWT [SY K G ` g6U ` � Y K c~` noIVGWe"U!t GWT Y=\ LVI a�q L a I+K LVU�GJL Y KQefGJI]Lkg I `oc1`oa IHG \+\]a�c e"L [S` T \kc~[ noU�L

G � K q L `oa IHK \ L [Sc GJL [R` T � �7K(LVI [ K Y Gdg K�� Y�[i� KjI+KQT�L \+[Sc a P G0L [R` T \+q KQTfGWI [R`o\ 	d�;e�K qj[ h q GWPRPit � �7K

e�I+K \ KQT�L�L � ` K��;efGWT \][R` T GWT Y L � `~c~[ noIVG0L [R` T \+q KQTfGWI [R`o\Oc(`;Y KjPRK Y G0g LVKQI L+U `o\ K ` gsr9I [ L q UfGWI Y

GWT Y r&I | K�� ` I \ � [ � yWzoz � ��	 � G q U ` g&LVU�K \ K Y K c~` nWIVGWe�U [Rq \]q KjTfGWI [S`o\ �7G \ e�I]K v8[R`Wa�\ Pit qj` T \+[SY �
KQI+K Y b t r&I [ L q UfGWI Y GWT Y r&I | K�� ` I \ � [ � yWzoz � �OGWT Y � [ GWT Y �8L+KQe�U"KQT \ � yJzoz 	 ��	�w)K \ U [ g L `oa I

e�I [Sc GWI^t g `;qja�\ [ TxL+U [R\ \ K q L [S` TxL ` K \ L [Sc G0L [ T"n � � � � ��� � �9[ TBG qQqQ` I Y GWT q K � [ L+UBe�I+K v;[S`oa�\

P [ L+KQI+GJL a I]K � K 	 n 	 C I [R\+\ K�KML GWP 	 � yWzoz � � � rsLVG�� KML GWP 	 � yWzoz � � � wxGWPSP � yWzoz � � ��	 X-\ K G q U ` g �

� % � �%�  �9GWT Y � � % ����� � �9GWI+K Y Kjh�T�K Y G \]\+a�c([ T"n G qj` T \ LVGWT�L �;\+[ T"noPRKOe ` e a P G0L [R` T \][R| K �%� �
[ L [R\Ha T q PRKQGWIkU ` � L ` Y KjhfT"K~LVU"K(L+I a K v GWP a K ` gmK G q U a T Y KjI LVU"K \ K�GWPSL+KQI]TfGJL [iv K \+q KQTfGJI [R`W\ 	

N ` �7K v KjI �#` T�K c([ noU�L \]a�\ e�K q L�LVU�KHIVG0L [R` � L `~b K \]`oc K�� UfGJL�I `Wb�a�\ LOL `~q UfGWT�nWK \-[ T ��� � G \

[ L \ U `oa P Y Y�[iv8[RY K `oa L L ` � �  	
w Kke KjI]g ` I c K Y ��� � N a�Y�\]` T � yWzozoy � \+[Sc a P G0L [R` T \ � [ LVU v GJP a K \ ` g � % z � � � GWT Y � z g ` I

K G q U e ` e a P G0L [R` T c~`8Y KjP 	 � U�K \ K v GJP a K \ I+KQe"I+K \ KQT�L�T ` nWKQT�K qQ` T v KQI \+[R` T � GWTdKQl a GWP G c(`oa T�L

` gfnoKjT�K qQ` T v KQI \+[R` T GWT Y q I `o\]\+` v KjI � GWT Y G \+a�b�\ L_GWT�L [ GWPSPStkP GJI+noKjI*G c(`oa T�L ` gfnoKjT�K qQ` T v KQI \+[R` T

qQ`oc efGWI]K Y L ` q I `o\+\]` v KQI � I+K \ e K q L [Sv KjPSt 	 C ` I GJPRP \]q KjTfGWI [S`o\�� � GWT Y � �7KjI+KkK \ L [Sc GJL+K Yd` v KjI�G

� � � e `o[ T!L � KQl a GWPSPSt \ efG q K Y � � � b noI [RY ` T � z � y � GWT Y G y � � e `o[ T�L � Kjl a GWPRPit \ efG q K Y �=noI [SY ` T
� z � yWz � 	 � U�K \ K \+[Sc a PRGJL [S` T \ qQ` T \+[S\ L ` g � zoz Y GJLVG \ KML \ � K G q U qj`oc e�I [S\ K Y ` g � [ T Y Kje KjT Y KjT!L
P `8qQ[ ��	 � G q UdP `;qja�\ UfG Y �Wz UfGWe"P ` L
t8e�K \ GWT Y �Wz \ KjnoI+Kjn�GJL [ T�n \][ L+K \m` v KjI y � � b 	 � U�K \ K v GWP a K \
�7KjI+K q U `o\ KjT L `�\]`oc K�� UfGJL c~[Sc~[Sq LVU�K � [ GJT Y �8L+KQe�U"KQT \ � yWzoz 	 �mI `ob�a�\ LVT�K \+\�\][Rc a PRGJL [S` T \ 	



� z

w K a�\ K Y � % z 	 � � � b 2 LVU [S\�v GWP a K ` g �dqj`o[ T qj[RY K \ � [ L+U G�noKjT `oc K � � [RY K G v KQI+GWnoK K \ L [Sc GJL+K
g ` I�U a"c GWT \�� � [ LVU3GWT K \ L [Rc GJL+K Y \ K�� � G v KQI+GWnoK Y q I `o\+\]` v KQI e�I `Wb G b�[ P [ L
t ` g�� � � 
 b � [ 	 K
	
� q 
 � 
 b ��GWT Y GJT3K \ L [Rc GJLVK Y ��� ` g � z � � \ KjK � K 	 n 	 � N a"Y�\+` T � yWzWz � � � r&I | K�� ` I \ � [ GWT Y
w)GWPSP � yWzoz � � � X I Y P [ KkKjL GJP 	 � yJzoz � � ��` I-r&I [ L q UfGJI Y GJT Y r&I | K�� ` I \ � [ � yWzWz � � GWT Y I]Kjg KjI+KQT q K \
L+U�KQI]K [ T
��	 C ` I \][Rc a P GJL [R` T \ � U�KQI]K � �% z � LVU"K c K GJT L+IVG q L	PRKQT"nWLVU �7G \6\][Rc a P GJL+K Y GWT Y h �;K Y

[ T `oa I c~`8Y KjP<G \ yWzoz b e 	 � U"K � � r Y KQT \+[ L
t [ T�LVU�K \ K \+[Rc a P GJL [R` T \m[R\ � � � � r e�KQI �Wzoz b e �
qj`oc efGWIVG b PRK-L ` L
t;e [Rq GJP<I+K \ KQl a KjT qQ[ T�n Y G0L_G 	

w K q U `o\ KkL � ` K��;efGWT \][R` T \]q KQT�GWI [S`o\���b�` L+U ` g � U [Rq U �7KjI+K Y�` T"K�L ` c GJL q U�LVU"K \+[Rc a P G �
L [R` T \ ` gmr&I [ L q U�GWI Y GWT Y r&I | K�� ` I \ � [ � yWzWz � � � � U [Rq U G \+\]a�c K \ G qja I+I]KQT�L e ` e a P GJL [R` T \][R| K �

� " � ` g�� z � K��;efGWT Y K Yx\+`Wc K L [Sc K � GWn ` 	 w K L_G��JK � [ T a T [ L \k` g7nWKQT�KjIVGJL [R` T \�� � U�KQI]K G

\][ T�nWPRKHnoKQT�KjIVGJL [R` T [R\ � yWz toK GJI \ 	 � U�Kjt Y KjL+KQI c([ T"K v8[ G \+[Rc a P GJL [R` T G�nWI ` � LVU I+GJLVK���LVU�GJL

c GJL q U�K \���` T G v KQI+GWnoK � L+U�K T a�c b KQI ` g \ KQnoI]KQn�G0L [ T"n \+[ L+K \sa T Y KQI9G qj` T \ L_GWT�L � \+[S| K e ` e a PRGJL [S` T
nWI ` � LVU \]q KjTfGWI [S` � [ L+U �%� % � z � � LVU�K�K \ L [Rc GJLVK Y �%�	g ` I	U a"c GWT \ 	 C ` I ` T�K q G \ K � �7K q U `o\ K
� % �Wzoz nWKQT�KjIVGJL [R` T \�� n [Sv8[ T�n �� % ��� {Wz 	 � U [S\Oqj` I+I]K \ e ` T Y�\ L ` GJT K��;efGWT \][Sv KHe ` e a PRGJL [S` T
nWI ` � LVUxg I `oc GJe�e�I ` � [Rc GJL+KQPSt � � {ozoz L ` � zoz � zozoz ` v KQI �WzWz noKQT"KQIVG0L [R` T \ 	 C ` I L+U�K \ K qQ` T Y

q G \ K � �7K q U `o\ K � % �WzozWz noKQT�KjIVGJL [R` T \�� n [Sv8[ T�n �� % 	 �Jz ��\+a nWnoK \ L [ T"nHnWI ` � LVU g I `oc � � � yWzoz
L ` � zoz � zozoz ` v KjI �Jzozoz noKjT�KQI+GJL [S` T \ 	 � L \ U `oa P Y b K T ` LVK Y LVUfGJL � %�� 	 z � � b �mG \ka�\ K Y g ` I

L+U�K \ K efGWI^L [Rqja P GJI \][Rc a PRGJL [S` T \�� G \ ���OL_G��JK \ � % ��� "  G \�[ T�e a L � � U�KjI+K"� " % � z � [ T L+U�K
K��;efGWT \][R` T c(`;Y KQP \�� � U [ PSK�r X � K \ L [Sc G0LVK \ LVU�K-K � K q L [Sv K � \][R| K�IVGJL+K ` g q I `o\]\+` v KjI � � % ���%�  �
� [ LVU �%�	% � z � 	

� � `�c([ nWIVGJL [R` T e"I `8q K Y"a I+K \ �6KQI]K q U `o\ KjT L `$c([Rc([Rq � [ GWT Y �8LVKje�U�KQT \ � yWzoz 	 � � L+U�K
e�GWIVG c KjL+KQI \ GJn�G [ T qQ`Wc~[ T�n�g I `oc r&I [ L q UfGJI Y GWT Y r&I | K�� ` I \ � [ � yWzoz � ��	 �
T ` T�K � LVU�K �^L � ` �
[S\ PRGWT Y K v KQT � c([ noI+GJL [S` T \]q KQT�GWI [S` � �6K \ G c e�PRK KQl a GJPRPSt g I `oc L � ` Y�[S\ L [ T q L \]a�b e ` e a PRGJL [S` T \��

y�� UfGWe�P ` L
t8e K \ g I `Wc KQG q U � L+UfGJL-UfG v K G c([ noI+GJL [S` T IVGJL+K b KjL �6KQKQT LVU"K c ` g � 	 z � % ���%� � �

� U"KQI+K � [S\ LVU�K�g IVG q L [S` T ` g c~[ noIVGWT�L \ [ T$K G q U \+a�b e ` e a P GJL [R` T [ T�KQG q U nWKQT�KjIVGJL [R` T 	 �
T

L+U�K ` L+U�KQI c([ noI+GJL [S` T \+q KjTfGWI [R` � L+U�K �^L � ` � [S\ PRGWT Y�a T�K v KjT � c([ nWIVGJL [R` T \+q KjTfGWI [R` � �7K \ G c e�PSK
g I `oc1` T�PSt ` T�K ` g	LVU�K L � ` \]a�b e ` e a PRGJL [S` T \��<b"a L LVU�K c([ noI+GJL [S` T e�GWIVG c KjL+KQI I]K c G [ T \ L+U�K

\ G c K 	 � U�K ��L � ` � [R\ P GWT Y K v KQT�� \+q KQTfGWI [R`OqQ` I]I+K \ e ` T Y�\ L ` KQl a GWP \ G c e"P [ T"nmg I `oc L � `-Y"[R\ L [ T q L



� �

P [ T"K GWnoK \32 g ` I	K��"G c e�PRK � e `;` P [ T"nkL+U�K X g I [Rq GWT � X-c KQI [Sq GWT(GWT Y � a I ` e�K GJT [ T Y�[iv8[RY�a GJP \9[ T(LVU�K
D0FHGJI�ILKMFNDPORQ Y GJLVG 	 � U�K ��L � ` � [R\ P GWT Y~a T�K v KQT�� \]q KQT�GWI [S` qQ` I]I+K \ e ` T Y�\ L ` LVU�K�U `oc~` noKQT�K `oa�\
e ` e a P GJL [R` T \ G c e�PRK Y K��"e�KQI [ KjT qQ[ T�n e�KQI [R`8Y�[Rq K � K q L \6` g [ T�LVKjI c([ � [ T"n�g I `oc GJT ` LVU"KQI Y�[R\ L [ T q L

e ` e a P GJL [R` T �<[ 	 K 	:G�7&) % � I � ' F�	 � L \ U `oa P Y)b K�T ` LVK Y LVU�GJL � % z 	 y � � b �mG \ a�\ K Y g ` IkLVU"K \ K

efGWI]L [Rqja P GWI \+[Rc a P GJL [R` T \�� G \ � � L_G��JK \ � % �����  G \O[ T�e a L g ` I c~[ noIVGJL [R` T \+q KjTfGWI [R`o\�� � U"KQI+K
��� [S\ L+U�K \+a�b � e ` e a PRGJL [S` T \+[S| K � � U [ PRK r X ��K \ L [Rc GJL+K \ LVU"KOK � K q L [Sv K � \][R| KOIVG0LVK ` g q I `W\+\+` v KQI �
� % � �%�  � � U"KQI+K%�%� [S\ LVU�KkK � K q L [iv K \+[S| K ` g b ` LVU e ` e a P GJL [R` T \7qQ`Wc b�[ T"K Y 	



� y

� G b PSK y 	 �o�7r ` e a P GJL [R` T noI ` � L+U GWT Y \ LVI a�q L a I+K \+[Sc a P G0L [R` T \]a�c(c GWI [ K \ 	 � U�K efGWI+KjT�LVU�K \ K \
[ T�LVU�K 
 K Y�[ GWT qj` P a�c TdI+Kje�I+K \ KQT�L y 	 � � GWT Y � � 	 � � l a GWT�L [ PRK \ 	

� q KQT�GWI [S` 
 K Y�[ GWT 
 K GWT � � �� � � �
� � X � p X �Op
g�% z � 	 z � y 	 z�� � 	 z � � 	 zo{ z 	 � y
g�% � � 	 z � y 	 z�� � 	 z � � 	 { � z 	 �oy
g�% � z � 	 z � { 	 z � � { 	 � � � 	 � y z 	 z�y
��� r X � � � } � � � % �Wzoz
g�% z 	 	 z � y 	 z��
{ 	 � � 	 	 {o{ z 	 � y
g�% � � 	 z � y 	 z�� � 	 z � � 	���� z 	 ���
g�% � z � 	 z � � 	 z � � � 	 z � � 	 ��� z 	 zo{
��� r X � � � } � � � % �Wzozoz
g�% z � 	 z � � 	 z���yWz 	 z � � 	 �oy z 	 	 �
g�% � � 	 z � y 	 z���yWz 	 z � � 	 � y z 	 yW{
g�% � z ��� 	 z � � 	 z �7yWz 	 z � � � 	 � � z 	 zo{

 �^F � X � � } � � y �^� � � � �
g�% z � 	 z � y 	 z�� � 	 � � � 	�� � z 	 ���
g�% � � 	 z � y 	 z�� � z 	 z � � 	 ��� z 	 { �
g�% � z � z 	 z � � 	 � � ��� 	 z � � z 	 � 	 z 	 z 	

 �^F � X � � } � � y �^� u � � � � �
g�% z � 	 z � y 	 z�� � z 	 � � � 	 yWz z 	 { 	
g�% � { 	 z � 	 	 z�� � 	 	 z � { 	�� � z 	 � �
g�% � z � y 	 z � � 	 � � ��� 	 z � � � 	 � 	 z 	 z 	



� 	

� U"K=I]K \]a PSL \ ` gHL+U�K \ K \][Rc a P GJL [R` T \ GWI+K \ U ` � T [ T � G b PRK y 	 � 	E�8LVGWT Y GJI Y qQ` GJPRK \]q KjT!L

\+[Rc a P GJL [R` T \ � G qQ` T \ L_GJT!L � \][R| K Y � IVGJT Y�`oc PSt c GJL [ T�n e ` e a PRGJL [S` T � LVU�K \ G c K G \]\+a�c e"L [S` T \

G \+\]a�c K Y [ T `oa I c(`;Y KjP � �6KQI+K6I a T L ` e"I ` v8[RY K6G �]n ` P YH\ LVGWT Y GWI Y 	�� p [R\ L [ T�n a�[R\ U [ T�n b KjL �6KQKjT
� % z GWT Y ��% � [R\ T ` L e `o\]\+[Rb PRK � [ LVU ` T�PSt h v K P `8qQ[ � L+U `oa noU)K [ L+U�KQI q GWTBe�KQI]UfGWe \ b K

Y�[R\ L [ T"n a�[R\ U�K Y g I `oc � % � z 	 � U�K � � � qQ` T"h Y KQT q K [ T�LVKjI v GWP \ g I `oc \+[Sc a P G0L [R` T \ ` v KQI]P GWe

g ` I�� % z � �~GWT Y � % � z ��b�a L [ g ` T�K q U `8`o\ K \ GWT � [ T!L+KQI]K \ L [ T�n�� qja L � e `o[ T�L � K 	 n 	 �� % �
G \ �6K a�\ K�U�KQI]K � GWe�e�I]K qQ[ G b PSK Y�[i� KjI+KjT q K \ GWI+K�T ` L [Rq KQG b PSK 	 C ` I [ T \ L_GWT q K � LVU�K�e�I ` e ` I^L [S` T ` g
�� � � [R\ � y � g ` I ��% z GWT Y �oy � g ` I � % � � qQ`oc efGWI]K Y L `�` T�Pit y � g ` I ��% � z 	 � U a�\
� U [ PSK �6K GWI+K T ` L�P [ �JKQPStdL ` n�G a nWK �)K \ L [Sc GJL+K \Ov KQI^t e�I]K qj[R\ KjPSt � �7K Y�` UfG v K \]`oc K G b�[ P [ L
t

L ` Y�[S\ L [ T�n a"[R\ U �]U [ noU �~g I `oc �]P ` � �~PRK v KQP \�` g9noKjT�K qQ` T v KQI \+[R` T I+KQPRGJL [iv KHL ` q I `o\]\+` v KjI � [ LVU
h v K [ T Y KQe�KQT Y KQT�L-P `;qj[ 	

}�a I qj` T q P a�\+[S` T \ GWe"e KQGWI L ` T ` L GWPiLVKQI a T Y KQI L+U�K � % �Wzoz K��;efGWT \+[R` TxGWT Y L+U�K~K v KjT

c~[ noIVGJL [R` T \]q KQT�GWI [S` 	 
 K Y�[ GWT v GJP a K \s` g ���G q I `o\]\&\+[Rc a P GJL+K Y Y GJL_G \ KjL \ � U�KQI]K � % z GWT Y � % �
GWI+KkIVG0LVU�KjI Y�[S\ L [ T q LOg I `oc c K Y�[ GWT v GJP a K \�` g ��=G q I `W\+\-\][Rc a P GJL+K YdY GJLVG \ KML \ � U"KQI+K � % � z 	
� U [R\ GWnoG [ T \]a nonoK \ L \ L+UfGJL �6KkUfG v Kke ` �6KQI L ` Y"[R\ L [ T�n a�[R\ U b KML �7KjKQT U [ noUdGWT Y P ` � I]KQPRGJL [iv K

IVGJL+K \ ` g�noKQT�K qj` T v KQI \+[S` T L `(q I `o\]\+` v KjI a T Y KQI LVU"K \ K Y K c~` nWIVGWe�U [Rq�c(`;Y KQP \ 	

C ` I�L+U�K � % �Jzozoz K��;efGWT \+[R` T � K \ L [Sc G0L [R` T ` g	� �7G \ qj` T \+[SY KQI+G b Pit PRK \+\ e�I+K qQ[S\ K LVUfGWT

a T Y KjI	L+U�K \ L_GWT Y GWI Y~c~`8Y KQP 	sr ` e a PRGJL [S` T~K��;efGWT \][R` T \ GWI+K LVU `oa noU�L	L `HY K q I+K G \ K � p � � U [Rq U
� `oa P Y I+K \+a PiL [ T GWI^L [ h qQ[ GWPRPit�U [ nWU I+K qj`oc b�[ TfGJL [R` T I+GJLVK K \ L [Rc GJLVK \�� � U [Sq U [R\�q KQI]LVG [ T"PSt LVU�K

q G \ K U�KQI]K 	 �7` L+U��� GWT Y �� GWI]K b�[ G \ K Y�a e �7GWI Y�\32 �� [R\ G � K q LVK Y c(` I+K � I]K \+a PSL [ T�n [ T�U [ noU"KQI ��

` v KQI+GWPRP � I+K \+a PiL \�`Wc~[ L+LVK Y ��	kN ` �7K v KQI � LVU [S\ GWe�e�K GWI \ L `�`8qQqja I ` T"PSt [ T L+U�K \ P ` �7KjI � P ` T�noKQI �
� % �WzWzoz K��;efGWT \][R` T q G \ K
	 � U a"\ G qQqja IVG q t ` g `oa I c KMLVU `8Y e�KQI]UfGWe \7Y KQe�KQT Y"\m` T�L+U�K�L+I a K
a T Y KjI+PSt [ T�n�K��"e�GWT \+[S` T \+q KQTfGJI [R` 	��8L [ PSP�L+U�KQI]K [S\-\+`Wc K e ` �6KQI-L ` \ KjK G Y�[i� KjI+KjT q K b KjL �6KQKjT

� % z � �HGWT Y � % � z � G \ K v8[SY KQT q K Y b t�L+U�K Y"[S� KQI+KjT�L c K Y�[ GWT \ 	 � ` T;h Y KQT q K [ T�LVKQI v GWP \ UfG v K
G P GWI]noK ` v KjI+PRGWe �<b�a Lke�KQI]UfGWe \ L+U [R\ � `oa P Y T � L b K G \ K v8[RY KQT�L [ g `oa I��)noI [SY UfG Y K��8L+KQT Y K Y

b KMt ` T Y � % yWz 	

u T Y KjIOL+U�K a T�K v KQT c([ noI+GJL [S` T \]q KQT�GWI [S` � � K \ L [Sc GJL+K \ GWI]K b�[ G \ K Y \ P [ noU�LVPSt Y�` � T �mGWI Y�\��

LVU `oa noU�L+U�K c G B]` I [ L
txGWI+K \ L [ PRP � [ LVU [ T�G g G q L ` I y ` g-L+U�K L+I a L+U � I+K \]a PSL \~`Wc~[ L+LVK Y ��	 X-\



���

�� I+K c G [ T�K Yx\+[Sc~[ P GWI�L ` LVUfGJL ` g LVU�K \ L_GJT Y GWI YBc~`8Y KQP � I]K \+a PSL \ `oc~[ L+L+K Y � � LVU [R\ I]K \+a PSL \ [ T
\ P [ noU�LVPSt)PRK \+\ G qQqja IVGJL+K K \ L [Sc G0L [R` T ` g � L+UfGWT a T Y KjI~LVU"K \ L_GWT Y GWI Y�c~`8Y KQP 	 � U [S\ K � K q L

` T ��B[R\ K��;e�K q LVK Y a T Y KQI \+a�q U Y K c~` noIVGWe"U!t � G \�\]a�b e ` e a PRGJL [S` T \ LVI+GJL [ h q G0L [R` T�L+KQT Y�\ L `

[ T q I]K G \ K � p � L+U `oa nWU [ L [R\ a T q PRKQGWI � U�t LVU�K K � K q L(GWe"e KQGWI \ \ LVI ` T�noKjI U�KQI]K�LVU�GWT [ T)L+U�K

K v KjT c([ nWIVGJL [R` T \+q KQTfGWI [R` 	 � KQnoGWI Y PSK \]\��9c K Y�[ GJT v GWP a K \ ` g �� G q I `W\+\ \+[Sc a PRGJLVK Y)Y GJLVG \ KML \

� U"KQI+K � % z GJT Y � % � GWI+K l a�[ L+K Y�[S� KQI]KQT�L~g I `oc c K Y�[ GWT v GWP a K \ ` g ��3G q I `o\]\�\][Rc a PRGJLVK Y

Y GJL_G \ KjL \ � U�KQI]K�� % � z �#\]a nonoK \ L [ T�n �6K UfG v K \]`oc K e ` �6KQI-L `�Y�[R\ L [ T"n a�[R\ U b KjL �6KQKjT U [ noU
GJT Y P ` � I+KQPRGJL [iv K I+GJLVK \ ` g6noKQT�K qj` T v KjI \+[S` T L `dq I `o\+\]` v KQI [ T L+U [R\�Y K c(` noIVGJe�U [Rq c~`8Y KQP*G \

�6KQPSP 	

� ��� ��	 � � ���� 6��	�� � � 	�� � ����� � � � ��	 � �

C I [R\+\ K KjL GWP 	 � yWzWz � � Y K v KjP ` e�K Y G c KjLVU `;Y g ` I B]`o[ T�L+PSt K \ L [Rc GJL [ T�n�� � � � � a�\+[ T�n LVU�K qQ`oc �
e `o\][ LVK y � \][ L+K�P [ �WKQP [ U `8`8Y GWe"e�I ` G q U ` g�N a�Y�\]` T � yWzWz � ��	 C ` I7K G q U efG [ I ` g \+[ L+K \ [ T�G I+Kjn [R` T �
G~P [ �JKQP [ U `8`;Y [R\�q GWP qQa PRGJLVK Y a�\][ T�n qj` GWPSK \+q KQT�L \+[Sc a PRGJL [S` T \ 	 � U�K \ K qQ` GJPRK \]q KjT!L \][Rc a P GJL [R` T \
G \+\+a"c K�L+UfGJL LVU"K UfGWe�P ` L
t8e K \O[ T LVU�K Y GJL_G GWI]K \ G c e�PRK \ g I `Wc G qQ` T \ L_GJT!L � \][R| K Y � IVGJT Y�`oc PSt
c GJL [ T�n e ` e a PRGJL [S` T ` g [ T"h�T [ L+K \+[ LVK \��7[ 	 K
	$L+U�K,S I$G&,�7 G&' 7 4 / GJKMF S
4 F+,5I c~`8Y KjP 	 � U�KdP [ �WKjP [ �
U `;`8Y�\�` g6GWPSP�e�G [ I \�` g \+[ LVK \ [ T G I+Kjn [R` T GWI+K c a PSL [ e�P [ K Y L ` noKjL+U�KQI �<q I]K GJL [ T�ndG � qj`oc e `o\][ L+K
P [ �JKQP [ U `8`;Y 	�� w)GWPSP � yWzWz � ��K��;L+KQT Y K Y L+U [R\ L ` a"\+[ T"n qj`oc e `o\][ L+K 	 � \][ L+K P [ �JKQP [ U `8`;Y"\�[ T \ L+K G Y
` g y � \+[ LVK P [ �WKjP [ U `;`8Y�\ 	 �7` L+U C I [S\+\ KHKMLOGWP 	 � yWzoz � �mGWT Y wxGJPRP � yWzoz ���mG \+\]a�c K � GWT Y � L `(b K
qj` T \ L_GWT�LHG q I `o\]\ noKQT�K \�� LVU `oa noU L+U�K [ I c KMLVU `8Y�\ UfG v K b KQKjT K��8LVKjT Y K Y L ` GJPRP ` � � L ` v GWI^t

G c~` T"n=nWKQT�K \~b t�rsL_G��BKML GJP 	 � yWzoz � � GJT Y w)GWPRP � yWzoz � � � I+K \ e�K q L [Sv KQPSt 	 �
T$LVU [S\(\ K q L [R` T �

�6K � [ PRP qj`oc e�GWI+K `oa I c KMLVU `8Y L ` LVU `o\ K ` g C I [S\+\ K~KjL GWP 	 � yWzoz � � GWT Y wxGJPRP � yJzoz � � a�\+[ T�n
\][Rc a P GJL [R` T \ g I `oc G \ L_GWT Y GWI Y qQ` GWPRK \+q KjT�L c(`8Y KQP 	

w)GWPRP � yJzoz � �9noKQT�KjIVGJL+K Yd\+[Sc a PRGJL [S` T \9a�\+[ T�n LVU"K \ LVGWT Y GWI Y�qQ` GJPRK \]q KjT!L g I+G c K�� ` I � � � [ LVU

�Jz UfGWe�P ` L
t8e K \�� � � b ` g \ Kjl a KQT q K � � % � � � % � 	 z � � % � 	 z � � b � GWT Y c KQGWT LVI+G q LkPSKQT�nJLVU
% � y � b e 		NOK a"\ K Y G c a L_G0L [R` T�IVGJL+K ` g � 	 z � � bd[ T�L+U�KkI+KQn [R` T � � U [Rq U n [Sv K \ � � � � r e�KQI

yWy � b e 	�w K q I]K GJL+K Y \][Rc a PRGJL [S` T \<a�\][ T�n�N a�Y�\]` T � yWzoz�y � � \ � � � [ LVU L+U�K \ G c K	efGWI+G c KjLVKjI \�[ T
` I Y KjI7L ` qQ`Wc efGJI+K `oa I c KMLVU `8Y L ` U [R\��"\ e�K qQ[ h q GJPRPSt w)GWPRP � \ C [ n a I+K 	 � � U [Rq U GWP \+` qj` T�L_G [ T \



� �

LVU�K�I]K \]a PSL \ ` g�LVU�K y � \+[ LVK�P [ �JKQP [ U `8`;Y(c KjLVU `;Y�` g C I [S\+\ K�KjL GJP 	 � yWzoz � ��	*w K UfG v KkG0L+LVK c e;LVK Y

L ` LVG b�a PRGJLVK(LVU�K�U [S\ L ` noIVG c I]K \]a PSL \ g I `oc LVU [R\ h�n a I+K~g ` I C I [S\+\ K~KjL(GWP 	 � yWzoz � � GWT Y wxGWPSP

� yWzoz � � [ T � G b PRK y 	 y 	 C ` PRP ` � [ T�n�wxGJPRP � yJzoz � � � �6K `ob L_G [ T)GWe"e�I ` � [Rc GJLVK 
 � � \ �� GWT Y ��

b t qQ`oc e a L [ T�n�P [ �WKjP [ U `;`8Y�\�` T=G y � p noI [SY � � [ L+U �dv GWP a K \ % � z 	 z � z 	 y � 	 	 	 � 	 	 � � � 	 z � � b ��GWT Y
� v GWP a K \ % � z � � � � 	 � � y � y 	 � � � � � 	 { � � � � � 	 y � � { ��	xw U [ PRKdG Y�[ I]K q L qj`oc efGWI [S\+` T c([ nWU!L T ` L b K

GWe�e�I ` e�I [ GJLVK b K q G a�\ K �7K Y�` T ` L a�\ K LVU"K K���G q L \][Rc a PRGJLVK YdY GJL_G \ KjL \�` g�wxGWPSP � yWzoz � � � LVU [R\
\ U `oa P Y e�I ` v;[SY K�G I `oa nWU [RY K G ` g U ` �3L+U�K c KjL+U `8Y�\7qj`oc e�GWI+K
	 C ` ImGWPSPfLVU�I]KQK c KjL+U `8Y�\�� LVU�K

LVIVG q L PRKjT�nWL+U �7G \ h �;K Y L ` LVU�K �^L+I a K � v GJP a K ` g � y � b e 	

� G b PRK y 	 y � � G b"a P GJL [R` T ` gmI+K v8[R\ K Y r X � I+K \+a PiL \ GWT Y C [ n 	 	 ` g6wxGWPSP � yJzoz � ��	 � U"K v GWP a K \
I+KQe"I+K \ KQT�L�L+U�K e KjI q KjT�L_GWnoK ` g �� � [ LVU [ T�G g G q L ` I ` g y ` gOLVU"K L+I a L+U � [ 	 K 	 y � �� � � ��	
� [Rc a P GJL [R` T \ g ` ImL+U�K C I [R\]\ K KjLOGJP 	 � yWzoz � �7GWT Y wxGJPRP � yWzoz ���6K \ L [Rc GJL+K \ �6KQI+K Y�` T�K b t�wxGWPSP
� yWzoz � �7GWT Y \+[Sc a PRGJL [S` T \ g ` ImLVU�KHr X �3K \ L [Rc GJLVK \ �7KjI+KHI a T b t LVU"K G a LVU ` I \ 	


 KjL+U `;Y �kP `8qQa�\ � P `;qj[ yWz P `8qQ[
y � \][ LVK � C I [S\+\ KkKMLOGWP 	 � yWzoz � � z 	 	 { z 	 {�� z 	 � y
	 � \][ LVK � w)GWPRP � yWzoz � � z 	 �Wz z 	 {W{ z 	 � z
I+K v8[S\ K Y r X � z 	�� y z 	 � 	 z 	 ���

�
T L+U�K \ K \][Rc a P GJL [R` T \�� GJPRP�L+U�I+KjK c KMLVU `8Y�\ GWe"e KQGWI-L ` UfG v K \][Rc([ PRGWIOG qQqja IVG q t g ` I�K \ L [ �
c GJL [ T�n � 	 C ` I6G \+[ T�noPRK P `;qja�\�� GWPSP�LVU�I]KQK c KjL+U `8Y�\ e KjI]g ` I c e `8` I+Pit 	 C ` I qj`oc efGWI [S\+` T � T ` LVK

LVUfGJL � [ LVU LVU�K �dnWI [RY a�\ K Y U"KQI+K � L+U�KQI]K [S\ G �Wz � q UfGWT q K ` g#noKjL]L [ T�n � [ LVU [ T~Gkg G q L ` I ` g�L � `

` g�L+U�K LVI a K � v8[ G I+GWT Y�`Wc n a K \+\][ T�n 	 X PRP#L+U�I+KjK c KjL+U `8Y�\ Y�` ` T�PSt G \ �7KjPRP ` I � ` I \ K 	

X�qQqja IVG q t g ` I�GJPRPoLVU"I+KQK c KMLVU `8Y�\ IVG [S\ K \ GWe�e"I+K qj[ G b PSt � U�KjT Y GJLVGOg I `Wc h v K [ T Y Kje KjT Y KjT!L

P `8qQ[ GJI+K qQ`oc b�[ T�K Y 	 � U�K(I+K v8[S\ K Y r X � e�I ` v8[RY K \ K \ L [Rc GJLVK \ ` g	� � [ L+U [ T G�g G q L ` I�L � ` ` g

LVU�K�L+I a L+U � 	 � ` g LVU"K�L [Sc K �sqQ`oc efGWI]K Y L ` { � � GWT Y {o{ � g ` I C I [R\]\ K~KjL(GWP 	 � yWzoz � � GWT Y
wxGWPSP � yWzoz ��� � I+K \ e K q L [Sv KjPSt 	Hw [ LVU yWz [ T Y Kje KjT Y KQT�LkP `;qj[ � �7K � I]K � [ LVU [ T G�g G q L ` I ` g&L � `d` g

LVU�K LVI a LVU ��� � ` g LVU�K L [Sc K �"\][Rc([ P GJI	L ` L+U�K ` LVU�KjImL � `~c KMLVU `8Y�\ 	

w K(GWP \]` K��"G c([ T�K Y G qQqQa IVG q t ` g B]`W[ T�L K \ L [Sc GJL [R` T ` g � � � � ��	 � `dY�[ I+K q LVPit qQ`Wc efGJI+K L `
wxGWPSP � yWzoz � � � �6K qQ`oa T�L+K Y LVU�K g IVG q L [S` T ` g Y GJLVG \ KML \ [ T � U [Rq U " / I . LVU�K�� GWT Y�� K \ L [Rc GJL+K \



� {

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

%(f̂,ρ̂) BOTH within 2 of truth

number of loci

pr
ob

ab
ilit

y

C [ n a I]K y 	 �"� � K \ L [ T�n�L+U�K e�I `ob G b"[ P [ L
t ` g B]`o[ T�LVPSt K \ L [Rc GJL [ T�n � � � � � KQG q U � [ L+U [ T � GWT Y , / I
[ T q P a�Y�[ T�n ��G g G q L ` I�L � ` ` g9LVU�K [ I�L+I a K v GWP a K \ 	 � L L_G��JK \ LVU"K qQ`oc b"[ T�K Y P [ �JKQP [ U `8`;Y�\O` g yWz
[ T Y Kje KjT Y KQT�L P `;qj[ L ` G q U [ K v K�L+U [R\ G [Rc g ` I � z � ` g L+U�K \][Rc a PRGJL [S` T \ 	 � `oc efGWI+G b PRKOL ` w)GWPSP
� yWzoz ��� C [ n 	 � 	�� � ` LVKW� �6K a�\ K Y � zoz Y GJL_G \ KjL \ g ` I6LVU�K qQ`Wc b�[ T"K Y P [ �WKQP [ U `8`8Y�\7` g � � � �f` I � z
P `;qj[ � GWT Y �Wz Y GJLVG \ KML \ g ` ImLVU�K qj`oc b�[ T�K Y P [ �WKjP [ U `;`8Y�\7` g yWz � �Wz ��` I � zoz P `8qQ[ 	 �

�6KQI]K � [ LVU [ T � GWT Y , / I [ T q P a"Y�[ T�n � G�g G q L ` I ` g	L � ` ` g9LVU�K L+I a L+U �<[ 	 K 	 y � z 	 �� 	 ��� z GWT Y
y � � 	 �� 	 � z � z 	 � ` T \][RY KjI [ T�n C [ n a I+K � [ TxwxGWPSP � yWzoz � � � �7K \ KQK�LVU�K c KjL+U `;YB` gOw)GWPSP

� yWzoz ����LVG��WK \ � � z��^yJz P `8qQ[ L ` UfG v K G �Wz � q UfGJT q K ` g K \ L [Rc GJL [ T�n � GWT Y � � [ L+U [ T=LVU�K \ K

n a�[RY KjP [ T�K \ 	 � `Wc efGJI [ T"n L+U [R\ L ` `oa I [SY KQT�L [Rq GJPRPSt e�P ` L+L+K Y C [ n 	 y 	 � � �7K \ KjK��6K c KQKML(L+U�K

\ G c KHI]K \ LVI [Sq L [R` T \ � z � ` g�LVU�KkL [Sc K � [ LVU yWz P `8qQ[ 	 �
Tdg G q L � �7K GWI]K ` v KQI �Wz � GJg L+KQI ` T�Pit �
P `;qj[ 	

� ��� 	 � � 
� �&� �  	���� 	 D0FHGJILILKMFNDPORQ�S � ���-����� �

"$!%4
!% � ,�GJK '�S+%MS

w KHGWe�e�P [ K Y�`oa I c~`8Y KjP#L ` Y GJLVG g I `oc LVU�K D0FHGJILI�KMFNDPO Q�S e�I `�B K q L � �7K b�\+[ LVKJ�
. ILI $ ������$ 0 G ! 0 S ! b G�S . %(, 0 I / , ! F17 � �OL ` K \ L [Sc GJL+K(G v KQI+GWnoK(noKQT `Wc K � � [RY K � [ T=U a�c GWT \ 	 D0FHGJI �

ILKMFNDPO Q S [R\ GWT ` T � n `o[ T�n-e�I `�B K q L \ Kjl a KQT qj[ T�nHnoKjT�K \9[ T y � X g I [Sq GWT � X-c KQI [Rq GWT GWT Y y 	 � a I ` �
e�K GJT � � � r9N � \]a�b B K q L \ 	&w)K�U�G v K G Y GJL_G \ KjL ` g � ��� ` g LVU"K \ K-noKQT�K \���[ T � U [Sq U UfGWe"P ` L
t8e�K \



� �

UfG v K b KQKjT e�I+K v8[R`oa�\ PSt(K \ L [Sc GJL+K Y~b t~GWT ` LVU�KjI7PRG b~a"\+[ T"n r9N X � � � �8LVKje�U�KjT \ KjLmGWP 	 � yWzoz � � �
�8LVKje�U�KQT \ GJT Y p ` T�T�KjPRPit � yWzoz 	 � � ` T L+U�K qj`oc b�[ T�K Y Y G0L_G 	 C ` I�L+U�K e�I+KjP [Sc~[ TfGWI]t GJTfGWPSt \][R\
�7K e"I+K \ KQT�L U�KjI+K � �6K c G��WK G T a�c b KQI ` g \+[Rc e�P [ g t [ T�n G \]\+a�c e"L [R` T \ � � � � LVU�K~UfGWe�P ` L
t8e K
K \ L [Rc GJLVK \ GWI+K qQ` I+I+K q L � � y � � [S\&qQ` T \ L_GWT�L � [ LVU [ T(GWT Y G c(` T�nknoKQT"K \�� GWT Y � 	 � � [R\9qQ` T \ L_GJT!L
� [ LVU [ TBnoKjT�K \�� LVU `oa noU [ L [R\ GWPSP ` �7K Y L ` v GWI]txG c~` T�n LVU�K c 	 � ` I+K Y�a�q K qQ`Wc e a L_GJL [R` TfGJP

b�a I Y KQT �m\][ T�nWPRKjL ` T � � r \ �6KQI]K I]K c(` v K Y 	 � U"K c K GWT�LVI+G q L(PRKjT�nWL+U ` g�noKQT�K qQ` T v KQI \+[R` T

K v KjT�L \ �7G \O\ KMLOL ` � zoz b e �"b G \ K Y ` TdLVU"K � K � I]Kjt \ GJT Y 
 G t � yWzoz ��� 
 N � \ e�KQI c GJTfGWPSt \][R\

I+K \]a PSL \ 	�w K K \ L [Sc GJL+K Y `Wa I�efGWI+G c KjLVKjI \�a"\+[ T"n�G�� zoz�� e `W[ T�L � KQl a GJPRPSt \ efG q K Y P ` n! #"&� noI [RY
` T � �
z 	 � � 	 	 � � GWT Y G�� zWz�� e `o[ T�L � Kjl a GWPRPit \ efG q K Y P ` n  #" � ������� ��nWI [RY ` T � ��y 	 z � y 	 z � 	 C ` I-K G q U
v GJP a K ` g �)GWT Y v K q L ` I ` g �dv GWP a K \ G q I `o\+\ nWKQT�K \�� �� � �6K q GJP qQa P GJL+KHL+U�K P [ �WKjP [ U `;`8Y � � ������ �
G \ �

� � ������ � % 

�

� � � � � � � � � � y 	 ���

� U"KQI+K � � � ��� � � � [R\ L+U�K P [ �JKQP [ U `8`;Y q GWP qQa PRGJLVK Y GJL��BGWT Y � � g ` I nWKQT�K � 	 w)K c G � [Rc([R| K

� y 	 ��� ` v KQI � GWT Y �� 	mw)K Y KjT ` LVKHLVU�K v GWP a K ` g � L+UfGJL c G � [Sc~[S| K \ � y 	 ���OG \ �� 	 � U [R\O[R\ LVU�K
\ G c K �]e�I ` hfPRK � c KMLVU `8Yda�\ K Y [ T rsLVG�� KjL�GWP 	 � yJzoz � �7GJT Y w)GWPSP � yJzoz � ��	

� U"K \+q GWPRK Y e"I ` hfPSK P ` n � P [ �JKQP [ U `8`;Y g ` I � [S\d\ U ` � T [ T C [ n 	 y 	 � z � g ` I b�` LVU X g I [Rq GWT �
X-c KQI [Sq GWT \ GWT Y � a I ` e�K GJT \ 	 }�a I K \ L [Rc GJL+K \ ` g�� GWI+K l a�[ LVK q P `o\ K�g ` I X g I [Sq GWT � X-c KQI [Rq GJT \
GWT Y � a I ` e KQGWT \�� GJL �� % { 	 ��GWT Y � 	�� � I]K \ e�K q L [iv KQPit 	 } a I X g I [Rq GJT � X�c KjI [Rq GWT �)K \ L [Sc G0LVK

qQ`o[ T qQ[SY K \ q P `o\ KQPSt L ` � UfGJL rsL_G � KjL GWP 	 � yJzoz � �Og `Wa T Y 	 � U `oa noU=L+U�Kjt K \ L [Rc GJLVK Y ��xL `db K

� GJT Y z 	 y � g ` I LVU"K X g I [Sq GWT � X-c KQI [Rq GJT \ GWT Y � a I ` e�K GJT \�� I+K \ e�K q L [Sv KQPit � LVU�KMt a�\ K Y G LVI+G q L

PRKQT"nWLVU ` g �Wzoz b e 	 � [ T q K L+U�K [ I GWTfGJPSt \+[S\�� K��;e�KQI [Rc KQT�L_GJL [R` T U�G \ \+a nWnoK \ LVK Y � zoz b e L `db K G
e KjI+UfGWe \ c(` I+K I]K G \]` TfG b PSK v GJP a K g ` I U a�c GWT \ � K
	 n 	 � K � I+KMt \ GWT Y 
 G t � yWzoz � � ��	 X L GWT�t
IVGJL+K � �6KkK��;e K q L `oa I K \ L [Sc G0LVK \ L ` b KkI `Wa noU�Pit~h v KHL [Rc K \ PRGWI+nWKQImLVU�GWT�LVUfGJL ` gsrsL_G � KjLOGWP 	
� yWzoz � ��	 p [Sv8[RY"[ T�n `oa I*K \ L [Rc GJLVK \*b tHh v Kmn [Sv K \ K \ L [Sc GJL+K Y � ` g � 	�� GWT Y � 	 � g ` I�LVU"K X g I [Rq GWT �
X-c KQI [Sq GWT \ GWT Y � a I ` e KQGWT \�� I+K \ e K q L [Sv KjPSt 	 � U"K � a I ` e�K GWTdK \ L [Sc GJL+K \m` g�� GWI]K Y�[S\+q I]KQefGJT!L

b t G-g G q L ` I ` g \][ � b KjL �6KQKjT `Wa I c KjLVU `;Y GWT Y L+UfGJL ` g#rsLVG�� KML	GWP 	�� yWzWz � ��	 �
T \+`oc K \ KjT \ K �![ L



� �

profile log−likelihood of f

f

lo
gl

ik 
− 

m
ax

(lo
gl

ik)

6 7 8 9

−4
−3

−2
−1

0

Af−Am
CEPH

C [ n a I]K y 	 � z � � U�K \]q GWPSK Y P ` n � P [ �JKQP [ U `8`;Y ` g � �;b G \ K Y ` T c G � [Sc~[S|Q[ T�n � e KjI7P `8qQa"\ g ` I	K G q U
nWI [RY e `o[ T!L ` g � � g ` IsL+U�K D0FHGJI�ILKMFNDPORQ�S Y GJLVG \ KML � g ` I X g I [Rq GJT � X�c KjI [Rq GWT � I+K Y(\+` P [RY P [ T�K �*GWT Y
� � r9N � b P a K Y�` L � GWT Y � Y G \ U P [ T"K � [ T Y�[Sv8[SY�a GWP \ 	 � U"K v KQI^L [Rq GWP&P [ T�K \ I]KQe�I]K \ KQT�L L+U�K 
 � � \ 	
� U [R\ P [ �JKQP [ U `8`;Y [R\ q GWP qQa PRGJLVK Y)` v KjI G noI [RY ` g P ` n  #" � v GWP a K \�� I]K \]a PSL [ T�n [ T)L+U�K `ob"\ KQI v K Y
PRG q � ` g \]c~`8` LVU"T�K \]\ 	



� �

−2.0 −1.5 −1.0 −0.5 0.0 0.5

−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0.
5

MLE crossover estimates

African−Americans

C
E

P
H

C [ n a I+K y 	 � �o� � \ L [Rc GJLVK Y�� g ` I � � r9N � t � G � [R\ � v8\	X g I [Sq GWT � X-c KQI [Rq GJT \ � � � G � [R\ �sG q I `W\+\ � ���
noKQT�K \k` g D0FHGJI�ILKMFNDPORQ�S �<b G \ K Y=` T LVU"K(e"I ` hfPSK P [ �WKjP [ U `;`8Y GWe"e�I ` G q U ` g �;K q 	 y 	 � 	 �	GWP a K \ ` g
�� � � b GWI]K ` T LVU"K-P ` n! #" \]q GWPSK 	 � U�K Y�` L]LVK Y P [ T�K I+Kje�I+K \ KQT�L \ t�% � 	 � U `Wa noU KQG q U�e ` e a PRGJL [S` T
�mG \ K��"G c~[ T�K Y \ KQefGJIVGJL+KQPSt � L+U�K [ I K \ L [Sc GJL+K \ GJI+K qj` I+I]KQP G0LVK Y � � [ LVU X g I [Rq GWT � X�c KjI [Sq GWT ��
noKQT�KjIVGWPSPSt~U [ nWU�KQImL+UfGWTdLVUfGJL g ` I � � r9N ��Y"a K L ` G PRGWI+nWKQI ��� [ T�LVU�K X g I [Rq GWT � X-c KQI [Sq GWT \ 	

[R\*qj`oc g ` I]L [ T�n LVUfG0L `oa I��~K \ L [Rc GJL+K \ GWI]K q P `o\ K b KML �7KjKQT LVU�K X g I [Sq GWT � X-c KQI [Rq GWT GJT Y � � r	N
e ` e a P GJL [R` T \�� G \ �7K Y�[R\]qQa�\]\*b KQP ` � 	 C I [S\+\ K9KMLsGWP 	 � yWzWz � � � G \]\+a�c([ T"n � L `�b K qQ` T \ L_GWT�L*G q I `o\+\
LVU�K nWKQT `oc K � � U [Rq U I]K q KjT�LkK v8[RY KjT q K \]a nonoK \ L \ [S\�a T�P [ �JKQPSt � K 	 n 	 �7IVG � g ` I Y KMLkGWP 	 � yWzoz � � �

 q �9KQGWT�KjLmGWP 	 � yJzoz � � � � UfG Y \]`oc K�� UfGJL PRGWI+nWKQI	K \ L [Rc GJLVK \7` g � � GJL � �^y�� g ` I7G LVI+G q L7PRKQT"nWLVU
` g �WzWz b e 	 � U `Wa noU~L+U�Kjt Y KjP [Rb KQI+GJLVKjPSt \ KQPSK q L+K Y P `;qj[f[ T�G c GWT�T�KjI	L ` h�L	LVU�K-G \+\]a�c e"L [S` T ` g
qQ` T \ L_GWT�L � G \ q P `o\ KjPSt�G \ e `W\+\+[Sb PRK � e�KQI+U�GWe \ LVU�K [ ImI]K \]a PSL \ GWI+K \ L [ PSP [ T�� a KjT q K Y b t v GWI [ G b PSK
� G c~` T�n�P `;qj[ 	��
T G Y�Y"[ L [S` T � C I [S\+\ K KjL�GWP 	�� yJzoz � � a�\ K Y [ T"g ` I c GJL [S` T�g I `oc�` T�Pit � � N�G a�\ G
[ T Y�[iv8[RY�a GJP \ noKjT ` L
t8e�K Y GJL9LVKjT y � � b P `8qQ[ � � U [Rq U [R\ PRK \+\7Y GJL_G LVUfGJT�K [ LVU�KjI a"\7` I6rsL_G�� KMLmGWP 	
� yWzoz � ��	

� L [S\ qQ`oc g ` I^L [ T"n LVUfG0L `oa I K \ L [Sc GJL+K \ ` g � ` v KjI+P GJe g ` I6LVU�K L � ` e ` e a PRGJL [S` T \ 	 X g I [Rq GWT �



�Jz

X�c KjI [Sq GWT \ GWT Y � a I ` e KQGWT \6\ UfGWI]K c a�q U ` g LVU�K [ I9K vW` P a L [R` TfGWI]t U [R\ L ` I^t GWT Y �(G \ � \ U `Wa P Y

T ` L Y KQe�KQT Y ` T L+U�K Y�[S� KQI]KQT�L K � K q L [Sv K~e ` e a PRGJL [S` T \+[S| K \ �%� b KjL �6KQKjTxe ` e a PRGJL [S` T \ � �7K

� `oa P Y K��"e�K q L \][Rc([ P GJImI+K \+a PiL \ 	 X P \+` KQT qQ`oa I+GWn [ T�noPSt � K \ L [Rc GJL+K Y � G q I `o\+\ noKQT�K \ �6KQI]K qQ` I �
I]KQPRGJLVK Y b KjL �6KQKjT LVU�K L � ` e ` e a P G0L [R` T \ � C [ n 	 y 	 ��� � � � [ L+U X g I [Rq GWT � X�c KjI [Sq GWT \ L
t8e [Sq GWPSPSt
U�G v8[ T�n U [ noU"KQI v GWP a K \ L+UfGWT$LVU�K � a I ` e KQGWT \ 	 � U�K�L
t;e [Rq GJPRPSt P GJI+noKjI v GWP a K \ ` g � g ` I L+U�K

X g I [Sq GWT � X-c KQI [Rq GJT \ P [ �WKQPit I]K �fK q L \ G�PRGWI+nWKQI�K � K q L [iv K)e ` e a P GJL [R` T \][R| K L+UfGWT � a I ` e�K GWT

e ` e a P GJL [R` T \ 	

"$!%4
!#" � %MS
4 � S S+% / ,

} g qQ`oa I \ K �k`oa IdGWTfGJPSt \+[S\ c G��JK \ \ K v KQI+GWP \+[Rc e�P [ g t [ T�nxG \+\]a�c e;L [R` T \ 	 } T�K �7K �!T ` ��L `

b K a T�I]K GWP [R\ L [Rq [S\ h � [ T�n � � [ LVU [ T noKQT"K \ 	 �
T LVI a LVU � LVU�KjI+K [R\�\+a"b�\ LVGWT�L [ GJP K v8[RY KjT q K ` g

h�T�K � \+q GJPRK q I `W\+\+` v KQI I+GJLVK v GWIVGJL [R` T � [ LVU [ T \]c GWPSP I+Kjn [R` T \ � K 	 n 	 
 q �9K GWT KML GJP 	 � yJzoz � � �
�7I+G � g ` I Y KMLkGWP 	 � yJzoz � � � � K � I]Kjt \ KjLkGWP 	�� yWzoz � � ��	 �
T G Y�Y�[ L [S` T � r&LVG�� KMLkGWP 	 � yWzoz ���OT ` L+K Y
G \]a�b�\ LVGWT�L [ GWP b�[ G \ [ T L+U�K [ I noKQT�K qj` T v KQI \+[S` T K \ L [Rc GJL [S` T [ T L+U�K e�I+K \ KjT q K ` g	noKQT ` L
t;e [ T�n

KjI+I ` I�	9F KQT ` L
t8e [ T�n KQI+I ` I c G t b K�GWI `oa T Y z 	 � � [ T(L+U�K D0FHGJILI�KMFNDPO Q�S Y GJLVG \ KML � rsLVG�� KjL GJP 	 �

yJzoz � ��	 C a I^LVU�KjI c(` I+K � L+U�K�K � K q L ` gmI+KQe�K G0L c a LVGJL [S` T ` T�� p efGJL]LVKjI+T \ q GWT c([Rc([Rq noKjT�K

qj` T v KjI \+[S` T GWT Y�[Rc efG q L~L+U�K G qjqQa I+G q t ` g � K \ L [Rc GJL [R` T 	 X�\�c KjL+U!t8PRGJLVK Y �7e F�noI `Wa e \

GJI+K �!T ` � T c a L_G0L [R` TfGWP U ` L \ e ` L \ � C I [R\]\ K�KML GWP 	 � yWzWz � � � GWT Y I]Kjg KQI]KQT q K \ LVU"KQI+K [ T
� � e�KQI+U�GWe \
I]K c(` v;[ T�n GJPRP �7e F I+KQn [R` T \ GWT Y I]K GWT�GWPSt |Q[ T�n `Wa I Y G0L_G [S\ G�I]K G \]` TfG b PRK L+U [ T"n~L `�Y�` 	�w K

� [ PRP G Y�Y I+K \+\ K G q U ` g�L+U�K \ K e `o\+\][Rb�[ P [ L [ K \ [ T G g a L a I+K GWe�e�P [Rq G0L [R` T ` g `Wa I c~`8Y KQPmL ` L+U�K

D0FHGJILILKMFNDPORQ�S Y GJL_G \ KjL �fY�[R\]qQa�\]\ K Y [ T �7UfGWe;LVKQI � �"b�a L��7K Y�` T ` L Y�` \]` U�KjI+K
	

� ��� � � � � �����

�
T�LVU [S\~q U�GWe"LVKjI � �6K UfG v K e�I+K \ KQT�L+K Y GWT�K��8LVKjT \+[S` T ` g�L+U�K r X � � [ �WKjP [ U `;`8Y$` g � [ GWT Y
�!LVKQe"U�KQT \ � yWzWz 	 ��L ` B]`o[ T!L+PSt K \ L [Rc GJLVK q I `o\]\+` v KjI GWT Y noKjT�K qj` T v KjI \+[S` T ��c a�q U)P [ �JK C I [R\]\ K
KML GWP 	�� yWzoz � � � rsL_G�� KjL�GWP 	�� yJzoz � � � GWT Y wxGJPRP � yWzoz � � K��8LVKQT Y K Y LVU"K qQ`Wc e `o\+[ LVKHP [ �WKQP [ U `8`8Y
GJe�e�I ` G q U ` g N a�Y�\+` T�� yWzoz � ��L ` B]`o[ T�LVPit K \ L [Rc GJLVKmL+U�K L � ` 	�w)K g `oa T Y L+UfGJL `oa I&K \ L [Rc GJL [S` T

` g � � LVU�KdnoKjT�K qQ` T v KQI \][R` T�IVGJL+K �	[R\ [ T�� a KjT q K Y b t `oa I q U `o[Rq K ` g
�� � L+U�K c a LVGJL [S` TxIVG0LVK



� �

K \ L [Rc GJLVK
	�w K UfG v K LVU a�\ h �;K Y ��kGJL z 	 zozoz�y � � U [Rq U~GWe�e�K GWI \ L ` e�I ` v8[RY K L+U�K c~`W\ L	G qjqQa I+GJLVK

K \ L [Rc GJLVK \ ` g � 	 w U�KQT L+U�KkLVIVG q L�PRKQT"nWLVU [ T G~I+Kjn [R` T [R\ PRGWI+noKjI LVUfGWT LVU�K G v KQI+GWnoK \ efG qj[ T�n

b KML �7KjKQT c GWI �JKQI \�� \+[Rc a P GJL [R` T \-\+a nonoK \ L �� � [ PRP a T Y KjI+K \ L [Sc GJL+K IVGJL+K \k` g6noKQT�K qQ` T v KQI \+[R` T

GWT Y �� � [ PRP ` v KjI+K \ L [Sc G0LVK�I+GJLVK \ ` g q I `o\+\]` v KQI�	 C ` IHI+KQn [R` T \H[ T � U [Rq U LVU�K LVI+G q L PRKQT"nWLVU [R\

PRK \]\ LVU�GWTBLVU�KdG v KjIVGWnWK \ efG qj[ T�n b KjL �6KQKjT c GWI �JKQI \��	`oa I \][Rc a PRGJL [S` T \H\+a nWnoK \ L `oa I c(`;Y KjP
e KjI]g ` I c~\ G \ �7KjPRP&G \�` I b KjL]LVKQI�L+UfGWT qj`oc e `o\][ LVK � P [ �WKjP [ U `;`8Ydc KMLVU `8Y�\ L+UfGJL qj` T \][RY KjI B]`o[ T�L
q I `W\+\+` v KQI GWT Y noKQT"K qQ` T v KQI \+[R` T�K \ L [Rc GJL [S` T � C I [S\+\ KOKjLmGWP 	 � yWzoz � � � wxGWPSP � yWzWz � � ��	*w K-UfG v K

\ U ` � T b t \+[Rc a P GJL [R` T \ LVU�GJL `oa I c(`;Y KQP [S\ I `ob"a�\ L L ` G v GWI [ KjL
t ` g Y K c(` noIVGJe�U [Rq-\+q KjTfGWI [R`o\

LVUfGJL Y KQefGJI]Lsg I `oc `Wa I c(`;Y KjP � \ G \]\+a�c e"L [R` T \ LVUfGJL `oa I \ G c e"PRK [S\sY KjI [Sv K Y g I `Wc G qj` T \ LVGWT�L �
\+[R| K Y � I+GWT Y�`Wc Pit c GJL [ T�n e ` e a PRGJL [S` T 	

} T�K	e ` LVKjT!L [ GWP!G Y"v GWT�L_GWnoK ` g `oa I c KjLVU `;YH` v KQI LVU `W\ K9LVUfGJL a�\ K qj`oc e `o\][ LVK&P [ �JKQP [ U `8`;Y�\#[R\
LVUfGJL `oa I c KMLVU `8Y e�I ` v;[SY K \ G LVI a K-P [ �JKQP [ U `8`;Y 	 � U�KjI+Kjg ` I+K �6K c([ noU�L6noKjLmG I `Wa noU K \ L [Sc G0LVK
` g�LVU"K P [ �WKQP [ U `8`8YBqQa I v G0L a I]K � e KjI+UfGJe \ e�I ` v8[SY�[ T�n b KML+L+KQI�K \ L [Rc GJLVK \�` g a T q KjI]L_G [ T�L
t 	 �
T

G Y�Y�[ L [R` T ��`oa IHP [ �JKQP [ U `8`;Y GWPSP ` � \ g ` IkLVU�K~e ` L+KQT�L [ GWP	G Y"v GWT�L_GJnoK ` g a�\+[ T�n Y"[ I+K q L � G toK \+[ GJT
[ T"g KjI+KQT q K~L+UfGJL Y�` K \ T ` L [ T vo` P v K~P [ �WKQP [ U `8`8Y e�KQT�GWP [S|Q[ T"n L+K q U�T [ l a K \ T�K q K \+\ GJI]t)g ` I a�\][ T�n

\+a�q U [ T"g KQI]KQT q K � [ L+U qQ`Wc e `o\+[ LVK(P [ �WKQP [ U `8`8Y�\ � K
	 n 	 
 q �9KQGWTBKjL GWP 	 � yWzoz � � ��	��
T �7UfGWe;LVKQI

� � �6K � [ PRP `oa L+P [ T"K \]a�q U=G � G toK \+[ GWT c KMLVU `8Y 	 �
T G Y�Y�[ L [R` T � LVU�K c KMLVU `8Y�\-` g C I [R\]\ K KML GWP 	
� yWzoz � � � rsL_G � KjL GWP 	 � yWzWz � � � GJT Y wxGWPSP � yJzoz � � q GWP qja P GJL+K P [ �WKjP [ U `;`8Y v GWP a K \k` v KQIknoI [RY�\k` g
� GWT Y � 	 }�a I c KMLVU `8Y � � U [Rq U Y"` K \ T ` L I+Kjl a"[ I+K(LVU�K a�\ K ` g qQ` GWPRK \+q KjT�L \+[Sc a PRGJL [S` T \ L `

q GWP qQa PRGJLVK~P [ �JKQP [ U `8`;Y"\ g ` I � GWT Y � �&q GWT q GJP qQa P GJL+K P [ �WKQP [ U `8`8Y=v GWP a K \ ` v KQI(G qQ` T�L [ T a�`oa�\
\+q GJPRK ` g � GWT Y � v GWP a K \�� K
	 n 	 [ T GWT 
 � 
 �3g I+G c K�� ` I � G \OY"[R\+qja�\+\ K Y [ T��7UfGWe"L+KQI � 	



�Wy

-/7�� ����� 	��

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

� [ G \][Rc a P GJL [R` T \ L a�Y�[ K \�� � [ GJT Y �8L+KQe�U�KjT \ � yJzoz 	 � g `oa T Y \]`oc K \ t \ LVK c GJL [Rq b"[ G \~[ T

K \ L [Rc GJL [S` T ` g �d[ T L+U�K [ I�r X � c(`8Y KQP 	-�8e K qQ[ h q GWPSPSt�LVU"Kjt g `oa T Y L+UfGJL�LVU�K b"[ G \OY K q I+KQG \ K Y

� [ LVU � � r \ efG qQ[ T"n GWT Y Y Kje KjT Y K Y ` T LVU�K T a�c b KQI ` g � � r \ GWT Y UfGWe"P ` L
t8e�K \ 	 � U�KMt

qj` I+I]K q LVK Y LVU [S\db�[ G \db G \ K Y ` T3L+U�K=I+K \]a PSL \ g ` I \][Rc a P GJL+K Y Y GJLVG \ KML \ 	 � ` L [ T�nBLVU�GJL `oa I

K \ L [Rc GJL ` I9g ` ImnWKQT�K qj` T v KjI \+[S` T e KjI]g ` I c~\ e `8` I+Pit g ` ImGWT�GWPSt \+[S\m` g \][ T�noPSK � yWz � � r�I+Kjn [R` T \

� \ KjK �;K q 	 y 	 ��� � �6K Y K qQ[SY K Y L ` [ T v K \ L [ n�GJLVK \+[ T�noPRK P `;qja�\ GJTfGWPSt \][R\ g ` I6e ` L+KQT�L [ GWP b�[ G \ G \ �7KjPRP 	

C [ I \ L �7K a�\ K \+[Sc a P G0L [R` T \ � [ LVUdG � [RY K IVGWT�nWK ` g efGWIVG c KMLVKQI \ L ` q UfGJIVG q LVKQI [R| KkL+U�K b�[ G \

[ T�noKjT�K qj` T v KjI \+[S` T�IVG0LVKOK \ L [Rc GJL [S` T 	 � K��;L �7K qj` I+I]K q L7LVU [R\	b�[ G \	b G \ K Y�` T(LVU�K \+[Sc a P G0L [R` T
I]K \]a PSL \ GWT Y G \+\ K \]\ L+U�K b�[ G \ � qQ` I]I+K q LVK Y3c(`8Y KQP � \ e�KQI^g ` I c GWT q K ` T [ T Y KQe�KQT Y KQT�L \+[Rc a P G �
L [R` T \ 	 C [ TfGWPSPSt � �7K I+K � GWTfGWPit | KkLVU�K#D0FHGJI�ILKMFNDPO Q S Y GJL_G \ KjL � [ L+U L+U�K b�[ G \ � qQ` I]I+K q LVK Y c(`;Y KQP �
T ` L [ T�n)LVU"K �WKjt Y�[S� KQI]KQT q K \db KML �7KjKQT LVU [S\ T�K���GWTfGJPSt \+[S\ GWT Y L+U�K GWTfGWPit \+[R\�` g �7UfGWe"L+KQI

y 	 �
T G Y�Y�[ L [R` T � �7K(K��;e�P ` I+K \]`oc K [S\+\]a K \ LVU�GJL c G t b K G � K q L [ T"n `Wa I qQ` T q P a"\+[R` T \ G b `Wa L

I]K qj`oc b�[ TfGJL [S` T�IVG0LVK \ [ T LVU�KknoKjT�K \O` g D0FHGJI�ILKMFNDPORQ�S�	

X�\ � [ LVU �7UfGWe"L+KQI y � �6K Y KQGWP ` T�Pit � [ LVU e"UfG \ K � �!T ` � T(UfGWe�P ` L
t8e K Y GJL_G [ T LVU [S\*q UfGJe"LVKjI�	
w K a�\ K LVKjT IVGWT Y"`oc ` I Y KQI [ T�n \�` gkLVU"K UfGWe�P ` L
t8e K \ g ` I�GJPRP�GWTfGWPit \ K \ e"I+K \ KQT�LVK Y [ T LVU [S\

q U�GWe"LVKjI�	 X c KQGWT L+IVG q L PSKQT�nWL+U ` g � zoz b e �7G \ a"\ K Y g ` I GWPSP \][Rc a P GJL [R` T \�� GWT Y LVU"K~h �;K Y

v GWP a K ` g � zoz b e �7G \Oa�\ K Y [ T�LVU�K c(`;Y KjP#g ` I � K \ L [Rc GJL [S` T 	

� ��� � � ��� � � � ���� �� � �  	�� 	�� �  6��� �� � ���-����� ��� � ��	 � 
 �
�(���
� � �  �� � 
 � �  	��

X�\ � [ LVU L+U�K�� [ GJT Y �!LVKQe"U�KQT \ � yWzWz 	 � b�[ G \ � qQ` I]I+K q L [S` T e�I `8q K Y�a I]K � �7K [ T v K \ L [ n�GJL+K Y(b�[ G \&[ T
K \ L [Rc GJLVK \mb t \+[Sc a PRGJL [ T�n q U"I `oc(`o\+`Wc K \ g I `oc G qQ` T \ LVGWT�L � \][R| K Y � I+GWT Y�`Wc Pit c GJL [ T�n e ` e a �



� 	

P GJL [R` T � [ L+U�GWT [ T"hfT [ LVK \+[ LVK \7c a LVGJL [S` T c(`8Y KQP a T Y KQI+n `o[ T�n T ` \ KQPRK q L [R` T 	�w)K a�\ K Y LVU�K�� �

\+[Rc a P GJL ` I � N a�Y"\+` T � yWzWz�y �	L `(Y"`~\]` 	

w K IVGWT \+`Wc K e�I]KQP [Sc~[ TfGWI^t \][Rc a P GJL [R` T \ L `$Y KjL+KQI c~[ T�K � U [Rq U3efGWI+G c KMLVKjI \d\ KjK c L `

c~`o\ L G � K q L � K \ L [Rc GJL [S` T 	 C [ I \ L �6K K��"G c([ T�K-U ` � b�[ G \7[ T�K \ L [Rc GJL+K \m` g � Y Kje KjT Y ` T LVU�K

LVI a K v GWP a K ` g � � L+U�K LVI a K v GWP a K ` g � � GJT Y L+U�K T a�c b KQI ` g \ G c e�PRK Y U�GWe�P ` L
t;e�K \ 	 � U�K \ K

\+[Rc a P GJL [R` T \�qj` T \+[S\ L+K Y ` g �Wz \ KjnoI+Kjn�GJL [ T�n \][ LVK \�` v KjI �Jz � b ` g \ KQl a KjT q K
	 � U�K 
 � � \k` g �
GWT Y � �7KjI+K�g `Wa T Y(` v KQI7G � zWz�� e `o[ T�L9Kjl a GWPRPit � \ efG q K Y noI [SY ` g K \ L [Sc G0LVK \ g ` I9P ` n! #"�� � � � b � ` T
� ��y 	 � � � 	 { � � GWT Y G � zWz�� e `o[ T�L7KQl a GWPSPSt � \ efG q K Y nWI [RY�` g�K \ L [Rc GJLVK \ g ` I P ` n  #" � ` T � ��z 	 � � 	 	 	 � 	 	 � � 	
X-\�[ T � [ GWT Y �8L+KQe�U"KQT \ � yWzoz 	 � � �6K K��"G c([ T�K Y b�[ G \~` T LVU�K P ` n \+q GWPRK � b t qQ` T \+[SY KQI [ T�n

b ` �;e�P ` L \ ` g�P ` n  #" � �� � � ��	
� K \]a PSL \ ` g \]`oc K ` g LVU�K \ K [ T [ L [ GWP \][Rc a PRGJL [S` T \ GWI]K \ U ` � T [ T C [ n a I+K 	 	 � 	 � U�K c~`W\ L

T ` L_G b PRKOLVI+KjT Y�[R\ LVUfG0L `oa I c~`8Y KQP LVKjT Y�\ L ` qQ` T \+[R\ LVKjT!L+PSt ` v KQI]K \ L [Rc GJLVK � � U"KQT�LVU�K�LVI a K �
[R\�\]c GWPSP 	 C ` I�P GWI]noK v GWP a K \ ` g6noKQT"K qj` T v KjI \+[S` T � [ 	 K 	 ��� � � � b=` I \]` � G \+\]a�c~[ T�ndG LVI+G q L
` g � zoz b e �*`Wa I c(`8Y KQP	GWe�e�K GJI \ L ` e�I ` v;[SY K(I+KQP [ G b PRK K \ L [Rc GJL [R` T 	 � U�K \ K�LVI]KQT Y�\�� GWT Y LVU�K
c GWnWT [ L a�Y K ` g�LVU"K b"[ G \���\ KQK c P GWI]noKQPit [ T Y Kje KjT Y KQT�L ` g b ` L+U LVU�K LVI a K v GWP a K ` g � � C [ n 	 	 	 � G��
GWT Y LVU"K T a�c b KQI ` g	UfGJe�P ` L
t8e�K \�[ T LVU�K \ G c e�PRK �&� � C [ n 	 	 	 � b ��	 C ` I \]a�b�\ KQl a KQT�L \ L a�Y t ` g
LVU�K b�[ G \�� �6K g `;qja�\ K Y ` T � % z 	�� � � b GWT Y \ G c e�PRK \ ` g � % �Wz UfGWe�P ` L
t8e K \ 	

w K qj` T \][RY KjI+K Y LVU�K~e `o\]\+[Sb�[ P [ L
t L+UfGJL `oa I q U `o[Rq K ` g �� � L+U�K c a L_GJL [R` T=IVG0LVK ��c~[ noU�L b K

qQ` T�LVI [Rb�a L [ T"ndL ` L+U�K `ob�\ KQI v K YBb�[ G \ 	 w K L+I [ K Y LVU�I]KQK Y�[S� KQI]KQT�L q U `o[Rq K \ ` g��� � L ` \ KQK~U ` �

K G q U)G � K q L \ \][ T�noPSK P `8qQa�\ K \ L [Sc G0L [R` T ` g � G q I `W\+\ G c(` I+K qj`oc e"I+KQU"KQT \][Sv K~IVGWT"noK ` g7L+I a K

v GJP a K \ LVUfGJT �mG \ qj` T \][RY KjI+K Y$[ T$�;K q 	 y 	 	 	 � 	 �;e�K qj[ h q GWPRPit � �6K qQ` T \+[RY KQI+K Y LVU�K ` I [ n [ TfGWP � [
GWT Y �8LVKje�U�KQT \ � yWzWz 	 � �� � KQl a GWP L ` w)GJL+L+KQI \]` T � \ K \ L [Rc GJLVK � � % ��� ���  ���  � � � � �  g ` I �
UfGWe�P ` L
t8e K \��m[ T G Y�Y"[ L [S` TBL ` �� % � � � GJT Y �� % � � � zozoz � z � zozoz�y � LVU"K P G0L+LVKjI b K [ T�n
`oa I e�I]K v8[R`Wa�\ q U `o[Rq K ` g
�� g I `oc �;K q 	 y 	 	 	 � 	)w)K \][Rc a P GJL+K Y � [ L+U � % z 	�� � � b � � % �Wz
UfGWe�P ` L
t8e K \�� GWT Y � % z 	 y � z 	�� � � 	 z � � { 	 z GWT Y � z 	 z � � b � I a T�T [ T�n~KQG q U \][Rc a PRGJLVK Y Y GJL_G \ KjL [ T
r X � � [ LVU �� h �;K Y GJL � ��� g ` I � % � � � � GWT Y � zozoz 	 w K a�\ K Y L+U�K \ G c K P ` n  #" � � P ` n  #" �

noI [SY G \ b Kjg ` I]K(g ` I K \ L [Sc G0L [R` T 	 � U"K~I]K \+a PSL \ GWI+K \ U ` � T [ T C [ n 	 	 	 y 	 C I `oc C [ n 	 	 	 y � [ L [R\
a T q PSK GWI � U [Sq U ` e"L [R` T [R\ � b K \ L � L ` a�\ K � G \ L+U�KQI]K GWI]K Y"[S� KQI+KjT�L efGJL]LVKjI+T \H` g b�[ G \ G q I `o\+\



� �

0.04 0.4 4

−2
−1

0
1

2

γ = 0.2/kb

ρ/kb

lo
g1

0(γ̂
γ)

0.04 0.4 4

−2
−1

0
1

2

γ = 0.4/kb

ρ/kb

0.04 0.4 4

−2
−1

0
1

2

γ = 4.0/kb

ρ/kb

0.04 0.4 4

−2
−1

0
1

2

γ = 40/kb

ρ/kb

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

50 100 150

−2
−1

0
1

2

γ = 0.2/kb

number of haplotypes

lo
g1

0(γ̂
γ)

50 100 150

−2
−1

0
1

2

γ = 0.4/kb

number of haplotypes

50 100 150

−2
−1

0
1

2

γ = 4.0/kb

number of haplotypes

50 100 150

−2
−1

0
1

2

γ = 40/kb

number of haplotypes

��&'�(���
	 ��
 �������� �����
���������! #"�	)"!*�+,&'-.�����0/1��2�����34�!25-.6

C [ n a I]K 	 	 �o� �
T v K \ L [ noGJL [ T�n=L+U�K b�[ G \ [ T �� g ` I \+[Rc a P GJL [R` T \ � [ L+U � G�� v GJI]t [ T�n � GJT Y � b �
v GWI^t [ T�n T a�c b KQI ` g UfGWe"P ` L
t8e�K \ 	&�;U ` � T�GJI+K P ` n  #" � �� � � ��g ` I � % z 	 y � z 	 � � � 	 z � GWT Y � z 	 z � � b �
g I `oc PSKjg L L ` I [ noU�L 	 � G q U e�P ` L [ T � G � U�G \ I+K \]a PSL \ g ` I � % z 	 z � � z 	�� � GJT Y � z 	 z � � b � � % �Wz ��	
� G q U e�P ` L [ T � b ��UfG \ I+K \+a PiL \ g ` I � % �Wz � � zoz � GWT Y � �Jz � � % z 	 � � � b ��	 � ` LVK L+UfGJLHLVU�KjI+K
GJe�e KQGWI \ L ` b KkG \+a"b�\ LVGWT�L [ GJP e `W\+[ L [Sv K b�[ G \7[ T �� g ` I7P ` �7KjI v GJP a K \ ` g�LVI a K � GWT Y LVU�GJL LVU [S\
b"[ G \ GWe"e KQGWI \ [ T Y KQe�KQT Y KQT�L ` g�L+I a K v GWP a K \ ` g � GWT Y L+U�KkT a"c b KjI ` g*U�GWe�P ` L
t;e�K \ � 	



� �

0.2 0.4 4.0 16.0 40.0

−1
.5

−1
.0

−0
.5

0.
0

0.
5

1.
0

1.
5

log10(γ̂ γ) for varying θ~

γ

lo
g1

0(
γ̂

γ)
W / 1000
W / 5
W

C [ n a I+K 	 	 y � �
T v K \ L [ n�GJL [ T�n LVU"K b"[ G \ [ T �� g ` I \+[Sc a PRGJL [S` T \ � [ LVU v GWI]t [ T�n �� 	��;U ` � T�GWI+K
P ` n  #" � �� � � � g ` I � % z 	 y � z 	�� � � 	 z � � { 	 z GWT Y � z 	 z � � b � g I `oc PRKMg L�L ` I [ nWU!L�	 � KML �7KjKQT K G q U
qQ` T \ K qja L [iv K v KjI]L [Sq GWP*P [ T"K GWI]K LVU�K I]K \+a PSL \ g ` I �� % � � � zozoz � I]K Y � � � � � � nWI+KQKjT
� � GJT Y �
� b P a K � � � U�KjI+K � [R\ Kjl a GWP L ` wxG0L+LVKjI \]` T � \ K \ L [Rc GJLVK � g I `oc PRKjg L6L ` I [ noU�L�	 � ` L+K-LVU�GJL � U [ PRK
LVU�K q U `o[Rq K ` g �� \+`oc K�� UfG0LkG � K q L \ �� b�[ G \��#[ L [S\ T ` L q PRKQGWI � U [Sq U �� c~[ noU�L b K LVU�K � b K \ L �
L ` a�\ K
	

LVU�K Y�[S� KQI]KQT�L q U `W[Rq K \�` g �� 	�N ` �6K v KQI �<[ T L+U�K I+Kjn [R` T � U�KjI+K K \ L [Sc G0LVK \ GWI+K PRKQG \ L v GJI [ G b PRK �

[ 	 K 	-PRGWI+nWK � � L+U�K a�\ K ` g ���% � � � zozoz � z � zozoz�y [R\ PSK G \ L b�[ G \ K Y 	 �
T G Y"Y�[ L [R` T ��a�\][ T�n �� %
z 	 zWzoz�y U�G \ G T [Rq K [ T�LVKjI+e�I]KjLVG b�[ P [ L
t(G \ GWT�G \]\+a�c e"L [R` T ` g<K \]\ KQT�L [ GWPSPSt(T ` I]KQe�K GJL c a L_GJL [R` T 	

C ` I7LVU�K \ KHI+KQG \+` T \�� �7K qj` T�L [ T a KkL ` a�\ K ���% z 	 zozoz�y 	

� U"K c GWnoT [ L a�Y K ` g"L+U�K b�[ G \<[ TkK \ L [Rc GJL+K \�` g \+c GWPRP � GWe�e�K GWI \ L `OY KQe�KQT Y ` TkLVU�K9T a�c b KQI

` g�� � r \�� ���"[ T LVU"K \ G c e�PRK
	*w K IVGWTdG PRGWI+noK�T a�c b KQI ` g \+[Sc a PRGJL [S` T \ � [ LVU � % z 	�� � � b � �
% �Wz � GWT Y � % yWz � �Jz � � zWz � GWT Y � �Jz [ TdG �Wz � b I+Kjn [R` T 	 � yWz [S\ LVU�K c([ T [Sc a�c T a�c b KQI ` g

� � r \ �6K \]a�\ e�K q L [R\ T�K q K \+\ GJI]t g ` I�I]KQP [ G b PSK [ T"g KQI]KQT q K � GWT Y �6K T ` L+K LVU�K L+I+KjT Y Y�` K \ T ` L

Y�[S� KQI c a�q U b KML �7KjKQT � % � zoz GWT Y � % � �Wz � \+a nonWK \ L [ T�n [ L e�I `Wb G b Pit � [ PSP&T ` L q UfGWT�noK

c a�q U b Kjt ` T Y � �Wz � � r \ 	 � C ` IHK G q U \+[Rc a P GJL+K Y=Y GJLVG \ KML � �6K K \ L [Sc GJL+K Y � GWT Y � a�\][ T�n

LVU�K \ G c K-P ` n  #" � � P ` n  #" � noI [SY G \ b Kjg ` I]K 	 �
T C [ n a I+K 	 	 	 � �6K e�P ` L7LVU�K c K Y�[ GWT ` g �� G q I `o\+\
� zoz Y GJL_G \ KjL \ g ` I KQG q UxLVI a K v GWP a K ` g \+[Rc a P GJL+K Y � 	 � U [R\ e�P ` L U [ noU�P [ noU�L \ L+U�K�LVKjT Y GWT q t

g ` I \]c GWPSPRKjI v GWP a K \ ` g � L ` b K \+a"b�\ LVGWT�L [ GJPRPSt ` v KjI � K \ L [Rc GJLVK Y � I]KQn�GWI Y PRK \+\m` gs� � r�T a�c b KjI�	



�J{

γ̂ vs γ

γ/kb

m
ed

ia
n 

γ̂/k
b

0 0.2 0.4 1 2 3 6 10 20 40

0
0.

2
0.

4
1

1.
5

2.
5

4
6

10
16

40

20 snps
50 snps
100 snps
150 snps

C [ n a I]K 	 	 	 � �
T v K \ L [ noGJL [ T�n b"[ G \ [ T �� g ` I \][Rc a P GJL [R` T \ � [ LVU v GWI]t [ T�nx� � r \+[S| K
	 �;U ` � T
GJI+K c K Y�[ GJT v GWP a K \ ` g
�� ` v KQI � zoz Y GJL_G \ KjL \~` g \ K v KjIVGWP�� � r \][R| K \ e"P ` L]LVK Y GWn�G [ T \ L(L+U�K
L+I a K v GJP a K \ ` g � 	 � \ L [Rc GJL+K \ GWI]K \ e�G q K Y�` TxLVU�K�P ` n! #" \+q GWPRK
	 X�\ P ` n  #" z [S\ a T Y KjhfT"K Y �
�6K GJI b�[ LVIVGJI [ Pit q U `o\ K P ` n  #" � % � � 	 � L ` I+KQe"I+K \ KQT�L � % z 	 � ` LVKkLVU�GJL�L+U�K e"I [ T qQ[ e�GWP LVI]KQT Y
` g LVU�K b"[ G \ [S\ L ` \+a�b�\ L_GWT�L [ GWPSPSt ` v KQI � K \ L [Sc G0LVK \]c GJPRP v GJP a K \ ` g � 	 � U�K�P [ T�K \ GWI+K�P ` K \+\ �
\]c~`8` L+U qja I v K \ g ` I9KQG q Ud� � r \][R| K 	 C ` I �Wz � � r \�� �7KOLVI [ K Y(v GWI [S`oa�\ � � r Y KjT \+[ L [ K \��8` g � �
e�KQI yJzoz b e ��� � ��� � � �(e�KQI �WzWz b e ��������� � GWT Y � � e KjI � zozoz b e � ����� ��	Hw U [ PSK LVU�KjI+K c G t
b K GWT [ T!L+KQI+G q L [R` T � [ LVU=� � r Y KjT \+[ L
t GWT Y � � r T a�c b KQI �<[ L Y�` K \ T ` LHGWe"e KQGWI-L `�b K L `8`
\]a�b�\ L_GWT�L [ GWP [ T�L+U�K \ K \][Rc a P GJL [R` T \ 	



���

C a I]LVU"KQI c(` I]K � L+U�K c GWnWT [ L a�Y K ` g ` v KjI � K \ L [Rc GJL [S` T b K qQ`oc K \ PRGWI+noKjI G \ � [ T q I]K G \ K \ 	

X�\s\+[Sc a PRGJLVK Y I+Kjn [R` T \ g ` I�K G q U~� � r \][R| K �7KjI+K �Wz � b [ T PRKjT�nWLVU � �6KmLVI [ K Y L ` Y�[R\ L [ T�n a�[S\ U
[ g LVU�K c G [ T Y KjL+KQI c([ T�GWT�L ` g LVU�K c GWnoT [ L a�Y K ` g ` v KQI+K \ L [Rc GJL [S` T ` g \+c GWPRP v GJP a K \&` g � c~[ noU�L

b K � � r Y KQT \][ L
t GWT Y T ` Ld� � r \+[R| K 	 �
T efGWI^L [SqQa PRGWI(L+U�K yWz � �Jz � � zoz � GWT Y � �Wz � � r \
I+KQe"I+K \ KQT�L � � � � r e�KQI y��Wzoz � � zozoz � �WzWz � GJT Y 	 	 	Jb e � I]K \ e K q L [iv KjPSt 	 u \+[ T�n �Wz � � r \�� �7K
\+[Rc a P GJL+K Y � zoz I+Kjn [R` T \9` g \][R| K�� z � b � � U [Sq U�UfG v K � ��� � rxe�KQI yWzoz b e � GWT Y � zoz I+Kjn [R` T \6` g
\+[R| K y�� � b � � U [Rq U�U�G v K � � � � rxe KjI �Wzoz b e � g ` I v GWI [S`oa�\9v GJP a K \6` g � L ` qQ`oc efGWI]K�� [ LVU(LVU�K
` I [ n [ TfGJP �Wz � b \+[Rc a P GJL [R` T \�� � U [Rq U UfG v K � �~� � r3e�KQI � zWzoz b e 	 � U"K I+K \]a PSL \ ` g��� Y�` T ` L
GWe�e�K GWI L ` Y KQe�KQT Yxc a�q U ` TB� � r Y KQT \+[ L
t � \ KQK C [ n 	 	 	 	 ��	 � U a�\ �7K qQ` T \][RY KjI ` T�PSt � � r
T a"c b KjI � GWT Y T ` L Y KQT \][ L
t �f[ T `oa I b�[ G \ qQ` I]I+K q L [S` T ` gs�;K q 	 	 	 y b KjP ` � 	

� ��� ��	�� ����� �  !	�� 	 ���  ���

� ` Y KQGWP � [ L+UHL+U [R\<b�[ G \�� �6K a"\ K Y LVU�K9P ` K \+\ � \+c(`;` LVU�K Y qQa I v K \�[ PSP a�\ LVIVG0LVK Y [ T C [ n 	 	 	 	 	 �;e�K qj[ g �
[Rq GJPRPSt � �6K c GJL q U G e"I ` e `o\ K Y v GWP a K ` g � � [ L+U�LVU�KHGWe�e"I ` e�I [ GJL+K c K Y�[ GJT �� `oa L+e a L b t `oa I

c~`8Y KQP g I `oc C [ n 	 	 	 	 � G qQqQ` I Y�[ T�n�L ` g `oa I Y�[i� KjI+KjT!L � � r T a�c b KQI b�[ T \ 	 C ` I I+KQn [R` T \ � [ LVU

T a"c b KjI ` g � � r \�� � � \+a�q U L+UfGJL � � 	 � � 	 � 	 � � � � � � � 	 � � � y � � GWT Y ���

� y � � �7K a�\ K L+U�K qja I v K \ [ T C [ n 	 	 	 	 g ` I � yWz � � r \�� � � �Wz � � r \�� � � � zoz � � r \�� � GWT Y � � �Wz
� � r \�� � I+K \ e�K q L [Sv KQPSt 	 � X-q L a GJPRPSt(LVU [R\mqj` I+I]K q L [R` T [S\ GWe�e"P [ K Y L ` L+U�K qQ`oc e `oa T Y efGJIVG c KjL+KQI

� � � � U�KQI]K � [R\ LVU"K G \+\+a"c K Y L+IVG q L�PSKQT�nJLVU ` g LVU�KknoKjT�K qQ` T v KjI \][R` T K v KjT�L \ 	 �

� U [R\ P ` K \+\ � qQ` I]I+K q L [S` T � q UfGWIVG q LVKjI [S| K Y a"\+[ T"n LVU�K \][Rc a P GJL [R` T \ ` g6�8K q L [R` T 	 	 � � �mG \ GWe �
e�P [ K Y L ` [ T Y KQe�KQT Y KQT�L \+[Sc a P G0L [R` T \#` g8LVU"K \ G c K&efGWI+G c KMLVKjI \��0a�\][ T�n LVU"K \ G c K&P ` n  #" � � P ` n  #" �

noI [SY G \mb Kjg ` I+K 	 � U�K I+K \+a PiL \ GWI]K \ U ` � T [ T C [ n 	 	 	 � 	 X noG [ T�L+U�K c K Y�[ GWT v GWP a K \6` g �� G q I `o\+\
� zoz \+[Rc a P GJL+K Y(Y GJLVG \ KML \ GWI]K�e"P ` L]LVK Y g ` I	K G q U�L+I a K v GWP a K ` g � 	 � \]\ KQT�L [ GWPSPSt LVU"K qQ` I+I+K q L [R` T
� GJL+L+KQT \ LVU"K�P [ �WKjP [ U `;`8Y qQa I v K ` g#L+U�K�r X � c(`;Y KjP�L ` I+K ��K q L	LVU"K a T q KQI^L_G [ T�L
t ` g `oa I c(`;Y KjP
[ T(K \ L [Rc GJL [ T�n c~[SY L ` P ` � � IVGWT�nWK v GWP a K \6` g � � � b 	 � U"K�K � K q L ` g �fGJL+L+KQT [ T�n L+U�K qja I v K [R\	[ P �
P a�\ LVIVG0LVK Y [ T C [ n 	 	 	 � � � U [Rq U \ U ` � \9b�` �;e�P ` L \&` g P ` n  #" � �� � � ��G q I `o\+\ � zoz \][Rc a P GJL+K Y Y G0L_G \ KjL \
` g \+[S| K �Wz � � r \�� g ` I�KQG q U LVI a K v GWP a K ` g � � g ` I \][Rc a PRGJL [S` T \Ob KMg ` I+K GWT Y GJg L+KQI-L+U�K P ` K \]\ �
qQ` I]I+K q L [S` T 	 �7PSK GWI]PStHLVU�KjI+K [R\&\]a�b�\ L_GWT�L [ GWPRPit c(` I]K v GWI [ GWT q K [ T �� G q I `o\]\	\][Rc a P GJL+K Y Y G0L_G \ KjL \



� �

γ̂ vs γ

γ/kb

m
ed

ia
n 

γ̂/k
b

0 0.2 0.4 1 2 3 6 10 20 40

0
0.

2
0.

4
1

1.
5

2.
5

4
6

10
16

40

20 snps
50 snps
100 snps
150 snps

C [ n a I]K 	 	���� u \+[ T�n L+U�K�P ` K \]\ � qj` I+I]K q L [R` T)g ` I �� ` T \+[Sc a P G0L [R` T \ � [ LVU v GWI^t [ T�n � � r \][R| K
	
�8U ` � TdGWI+K c K Y"[ GWT v GWP a K \6` g �� ` v KQI � zWz Y GJLVG \ KML \ g ` I \ K v KQI+GWP � � r \][R| K \ e�P ` L+L+K Y GWnoG [ T \ L
L+U�K�LVI a K v GWP a K \ ` g � 	 � \ L [Rc GJLVK \ GWI+K \ efG q K Y ` T�LVU�K-P ` n! #" \+q GWPRK � � [ LVU LVU"K K�� q Kje"L [S` T ` g �
% z 	 � U�K \+` P [RY P [ T�K \ I]KQe�I]K \ KQT�L b K \ L � h"L�P [ T�KQGWI I+KjnoI+K \+\][R` T P [ T�K \ g ` I K \ L [Rc GJL [ T�n c K Y�[ GJT ��
` T � 	 X�\ P ` n  #" z [R\&a T Y KjhfT�K Y � �6K `oc~[ L+L+K Y [ L&g I `oc L+U�K�I]KQnoI]K \]\+[R` T \ 	 � U"K�P ` K \+\ � qQ` I]I+K q L [S` T
GJe�e KQGWI \ L ` � ` I � l a�[ L+K �7KjPRP ` TdKjP [Rc([ T�GJL [ T�nHL+U�K b�[ G \ [ T LVU"KHI]K c G [ T [ T�n v GWP a K \ ` g � 	 � U�K
Y"` L+L+K Y P [ T"K \ GWI]K LVU�K ` I [ n [ TfGWP � e�I+KdP ` K \]\ � qQ` I]I+K q LVK Y�qja I v K \ g ` I K G q U � � r \][R| K 	 C ` I �Wz
� � r \�� LVU"K qj` I+I]K q L [R` T GJe�e�P [ K Y L `(Y GJLVG \ KML \ � [ L+U v GWI [ G b PRKk� � r Y KjT \+[ L [ K \ � \ KjK C [ n 	 	 	 	 � ` g
� � e�KQI yWzoz b e���� � ��� � � � e KjI �WzWz b e�� ����� � � GJT Y � � e�KQI�� zozoz b e���� ��� �OGJI+K \ U ` � T 	 C ` I
� % z 	 y � z 	 � � � b�[ T�L+U�K � � e KjI �Wzoz b e \+[Sc a P G0L [R` T \ ������� � � L+U�K b�[ G \7[S\ T ` Lmg a PRPit qQ` I]I+K q LVK Y �
\]a nonoK \ L [ T�n~G c(` I]K qj`oc e�P [Sq GJL+K Yd[ T�LVKjIVG q L [S` T � [ LVU � � r \+[R| K GJT Y � � r Y KQT \+[ L
t c([ nWU!L b K
GJe�e�I ` e�I [ GJLVK
	 N ` �6K v KQI � L+U [R\ I]K c G [ T [ T�n b�[ G \ Y�` K \ T ` L GJe�e KQGWI L `=b KdL `8`=\+a�b�\ L_GWT�L [ GWP �
G \ � � �kg ` I � K
	 n 	 � � % z 	 � � � b � L+U�K I]K c G [ T [ T�n G b�\+` P a LVK b�[ G \ g ` I L+U�K � ��e KjI �Wzoz b e � �Wz
� � r \+[Sc a PRGJL [S` T \ ��� ��� � [R\ T ` L c a�q U~P GWI]noKQI&LVU�GWT(L+UfGJL ` g � zoz GJT Y � �Jz � � r \ � nWI+KQKjT �Jb P a K
� ��� � � GWT Y � y � L+U�K v GWI [ GWT q K �mG \ P GJI+noKHG q I `o\]\�\][Rc a PRGJL [S` T \ g ` I � % z 	 y � z 	�� � � b [ T L+U�K
� �
e�KQI �Jzoz b e \+[Sc a PRGJL [S` T \ ������� �6GWT YdY�` [ T q P a�Y K�LVU�K�L+I a K � � [ LVU [ T LVU"K [ T�LVKQI]l a GWI]L [ PSK-IVGJT�noK
� I+K \+a PiL \ `oc([ L+L+K Y ��	



� �

0.2 0.4 1 1.5 2 2.5 3 3.5 4 6 8 10 16 20 40

−
2

−
1

0
1

2

NO CORRECTION

lo
g

1
0
(γ̂

γ)

0.2 0.4 1 1.5 2 2.5 3 3.5 4 6 8 10 16 20 40

−
2

−
1

0
1

2

LOESS−CORRECTION

γ/kb

lo
g

1
0
(γ̂

γ)

C [ n a I+K 	 	 � �9� [Rc a P GJL [R` T I]K \+a PSL \6` g�P ` n  #" � �� � � �&g ` I�� zWz Y GJLVG \ KML \ g ` I \ K v KjIVGWP LVI a K v GWP a K \7` g
� �"a�\+[ T�n r X � b KMg ` I+K � L ` e
�6GWT Y GJg LVKjI � b�` L]L `oc �9L+U�K P ` K \]\ � qj` I+I]K q L [R` T � g ` I �Jz � � r \ 	 � U�K
P ` K \+\ � qj` I+I]K q L [R` T [ T q I+KQG \ K \ LVU�K c~`8Y KQP � \ a T q KQI^L_G [ T!L
t [ T K \ L [Rc GJL [S` Tkg ` I \]c GWPSP�L `�c([RY � IVGWT"noK
v GJP a K \ ` g � � � U [Sq U U"KQPRe \ L ` KQP [Sc~[ TfGJL+K�LVU"K b"[ G \ GWe"efGWI+KjT�L [ T�LVU�K L ` e e [Rq L a I+K
	



{Wz

G0g LVKQI L+U�KkP ` K \+\ � qj` I+I]K q L [R` T�g ` I \]c GWPSPRKjI7L ` c K Y�[Sa�cDv GWP a K \ ` g � � U"KQPRe [ T�n L ` KQP [Rc([ TfG0LVK�L+U�K

b"[ G \ 	

� ��� 	��
���
�
� � �����5	�� � 	 ���
� �.��	�� ����� � ��� � 	�� � 	 � � 


� !	� !% D %() � K GJI�% / , S�� ,�7 F+'"D I$G&,�7 G&' 7 � / GJKMF S
4 F+,5I

w K~GWe�e�P [ K Y LVU"K~P ` K \+\ � qQ` I]I+K q LVK Y)v KjI \][R` T=L ` \][Rc a P GJL [R` T \-Y K \]q I [Sb K Yx[ T)�;K q 	 y 	 	 	 � 	 � U�K \ K

\][Rc a P GJL [R` T \9[ T q P a�Y K Y�Y GJL_G \ KjL \ � [ L+U
� % z � � � GWT Y � z 	*w K-L_G b"a P GJL+K-U ` � �6KQPRP�LVU�K-P ` K \+\ �
qj` I+I]K q LVK Y c~`8Y KQP Y�[S\ L [ T�n a"[R\ U"K \Ob KML �7KjKQT LVU�K \ K Y"[S� KQI+KjT�L \][Rc a PRGJLVK Y v GWP a K \�` g � [ T � G b PSK

	 	 � 	
X�\ ` T�K c([ noU�L7U ` e�K � K \ L [Sc G0L [R` T ` g � GWe"e KQGWI \ L ` b K c(` I]K�G qjqQa I+GJLVK U�KjI+K�L+UfGWT [ T L+U�K

e"I+K � qQ` I]I+K q LVK Y c(`;Y KjP g ` I LVU�K \ LVGWT Y GWI Y qj` GWPRK \+q KQT�L \][Rc a PRGJL [S` T \��"qQ`Wc efGJI [ T"n � G b PSK 	 	 �HL `
� G b PSK y 	 � 	 C ` I [ T \ LVGWT q K ��c K Y�[ GWT�GWT Ydc K GWT v GWP a K \ ` g �� GJI+K q P `o\ KjI7L ` L+U�K�LVI a LVU�g ` I	� %

z GWT Y � ��qj` I+I]K \ e ` T Y"[ T�ndL ` � % z 	 z GWT Y z 	�� � � b � I+K \ e�K q L [Sv KQPit � U"KQI+K L+UfGWT LVU�KMt �7KjI+K [ T

L+U�K �7UfGWe;LVKQI y \+[Sc a PRGJL [S` T \ 	 � U�KjI+K [R\s\ P [ noU�LVPSt c(` I+K ` g G-L+KQT Y GJT q t L `Ha T Y KQI]K \ L [Rc GJL+K ��%

� z LVU�GWT �7G \ L+U�K q G \ K � [ LVU(LVU�K�e�I+K � qj` I+I]K q L+K Y�c(`;Y KQP 2 L+U [R\	[R\ P [ �WKQPit G I]K \+a PSL ` g [ T q I+KQG \+[ T�n
a T q KjI]L_G [ T�L
t 	-�8L [ PRP L+U�K Y�[i� KjI+KjT q KHg ` I � % � z b KML �7KjKQT � G b PRK 	 	 � GWT Y � G b PRK y 	 � GWe�e�K GJI \
\]c GJPRP qj` T \][RY KjI [ T"n L+U�KknoKQT"KQIVGJP Y�[A@(qQa PSL
t [ T `ob L_G [ T [ T�n e�I+K qQ[S\ KkK \ L [Rc GJL+K \ ` g�� 	

� !	� !#" D %() � K GJI�% / , S b % I . Q / $ � K GJI�% / , 
 � $ G&, S+% / , G&,�7/D I�' � 4 I � ' F

X�\ L+U [R\ K c e [ I [Rq GJP b�[ G \ �7G \ qQ` I+I+K q L+K Y a�\][ T�n \+[Rc a P GJL [R` T \(a T Y KQI(LVU�K \ L_GJT Y GWI Y qQ` GJPRK \ �
q KQT�L c~`8Y KQP � �7K �7GWT�LVK Y L ` \ KQK(U ` � [ LkU ` P Y"\Ha e)GWnoG [ T \ L Y KQe�GWI]L a I+K \ g I `Wc LVU [S\k\ e�K qQ[ h q

c(`8Y KQP 	 � U"K~e�I]K � qQ` I]I+K q LVK Y r X � c(`8Y KQP �7G \ g `oa T Y L ` b K g G [ I+Pit I `Wb�a�\ LHL ` G v GJI [ KML
t ` g

Y K c(` noIVGJe�U [Rq6\+q KQTfGWI [R`o\ � \ KQK��;K q 	 y 	 	 	 ����	*w K GWe�e�P [ K Y LVU�K P ` K \+\ � qQ` I]I+K q LVK Y v KQI \+[S` T(L ` LVU�K \ K
\ G c K Y K c~` nWIVGWe�U [Rq7\]q KjTfGWI [S`o\�� � U [Rq U [ T q P a"Y K7L � ` e ` e a P GJL [R` T K��;efGWT \+[R` T GWT Y L � ` G Y�c~[ � �
L a I+K c(`8Y KQP \�b G \ K Y=` T=r9I [ L q UfGWI Y GWT Y r&I | K�� ` I \ � [ � yWzoz � � � \ KjK~�;K q 	 y 	 	 	�� g ` I \+[Sc a P G0L [R` T
Y KjL_G [ P \ ��	 � U"K I]K \+a PSL \ g ` ImL+U�KkP ` K \]\ � qj` I+I]K q LVK Y c(`;Y KjP<GWI]K \ U ` � T [ T � G b PRK 	 	 � 	



{ �

� G b PRK 	 	 �W� r ` e a P GJL [R` T=noI ` � L+UxGWT Yx\ L+I a�q L a I]K \+[Sc a P G0L [R` T \+a�c(c GJI [ K \ g ` I�� zWz Y G0L_G \ KjL \
� GJg LVKjI P ` K \+\ � qj` I+I]K q L [R` T 	 � U�K efGJI+KQT�L+U�K \ K \ [ T LVU�K 
 K Y�[ GWT qQ` P a�c T I+KQe"I+K \ KQT�L y 	 � � GWT Y
� � 	 � � l a GWT�L [ PRK \ 	 � G q U Y GJLVG \ KML a"\ K \ LVU"K qj`oc b�[ T�K Y P [ �WKjP [ U `;`8Y�\~` g h v K [ T Y Kje KjT Y KjT!L
\+[Rc a P GJL+K Y P `;qj[ 	

� q KjTfGWI [S` 
 K Y"[ GWT 
 K GWT � � �� � � �
� � X � p X �Op
g�% z � 	 z ��� 	 z�� 	 	 � � � 	 	 	 � 	 zWz
g�% � � 	 z ��� 	 z�� � 	 z � � 	 � 	 z 	 ���
g�% � z � 	 z � � 	 z � � � 	 z � � 	 � � z 	 � y
� � r X � � � } � � � % �Wzoz
g�% z � 	 z ��� 	 z�� � 	 z � � 	 � y � 	 zWz
g�% � � 	 z ��� 	 z�� � 	 z � � 	 � � z 	 � �
g�% � z � 	 z � 	 	 ��� � { 	 z � � 	 y�� z 	 ���
� � r X � � � } � � � % �WzozWz
g�% z { 	 z ��� 	 z �^yWz 	 z � � 	 { � z 	 	 �
g�% � � 	 z ��� 	 z �^yWz 	 z � � 	 � � z 	 	�	
g�% � z � 	 	 z � � 	 � �7yWz 	 z � � 	 	 � y z 	 zW{

 �^F � X � � } � � y �^� � � � �
g�% z � 	 z ��� 	 z�� 	 	 � � � 	 	 y z 	 � �
g�% � � 	 z ��� 	 z�� � 	 z � � 	 � � � 	 zWz
g�% � z � 	 z � � 	 z � � � 	 � � � 	 {�y z 	 z��

 �^F � X � � } � � y �^� u � � � � �
g�% z � 	 z ��� 	 z�� � 	 z � � 	 y � z 	 � �
g�% � � 	 z ��� 	 z�� � 	 � � � 	 � � z 	 � �
g�% � z � 	 z � y 	 ��� � � 	 � � � 	 � � z 	 � �



{oy

X�\ �7G \ LVU�K q G \ K7e"I [R` I L ` LVU�K b�[ G \�qQ` I]I+K q L [S` T � LVU�K	I+K \+a PiL \ ` g `oa I�P ` K \]\ � qj` I+I]K q LVK Y c~`8Y KjP
GJe�e KQGWI�L ` b K l a�[ L+K I `Wb�a�\ L-L ` L+U�K IVGJe [RY K��;efGWT \][R` T � [ 	 K 	 � % �Wzoz � GWT Y K v KQT c~[ noIVG0L [R` T
\]q KjTfGWI [S`o\ 	 �
T Y KjK Y L+U�K P ` K \+\ � qQ` I]I+K q LVK Y c(`;Y KjP GWe�e�K GWI \ L ` GWP \]`~b K I `ob�a�\ L-L ` LVU"K a T�K v KjT
c([ nWIVGJL [R` T \+q KjTfGWI [R` � � U [Sq U Y�[SY T ` L6GWe�e�K GJIsL `kb K L+I a K g ` IsL+U�K e�I+K � qQ` I+I+K q L+K Y r X � c(`;Y KQP 	

C ` I b�` LVU v KQI \+[S` T \7` g LVU�K-r X � c(`;Y KjP � e�KQI^g ` I c GWT q K a T Y KQI7L+U�K \ P ` � K��"e�GWT \+[S` T \]q KQT�GWI [S` �

[ 	 K
	 � % �Jzozoz �;[R\ PSK \]\ G qQqja IVG0LVK � LVU `oa noU � [ L+U b ` LVU v KjI \][R` T \ L+U�KQI]K [R\6\ L [ PRP c(`;Y K \ LmG b�[ P [ L
t
L ` Y�[R\ L [ T"n a�[R\ U�U [ nWU I+GJLVK \ ` g�� g I `oc P ` � ` T�K \ 	

� U�KjI+KMg ` I+K � e KjI]g ` I c~[ T�n�G�P ` K \+\�qj` I+I]K q L [R` T K��;e�P [SqQ[ L+PSt b G \ K Y ` T L+U�K \ LVGWT Y GJI Y qQ` GJPRK \ �
q KQT�L c(`;Y KQP Y�` K \ T ` L \ KjK c L ` c G��JK LVU"K c(`;Y KjP*GJT!t PRK \+\�a�\ KMg a P�g ` I-GWe�e�P [Rq GJL [S` T�L ` Y G0L_G
\ KjL \ g ` I c K Y�a T Y KjI Y"[S� KQI+KjT�L Y K c(` noIVGJe�U [Rq-c~`8Y KQP \ 	

� ��� � � �1��� � 
�� �
 ���	�� D0FHGJILI�KMFNDPO Q�S � ���-����� �

w K�GWe�e�P [ K Y LVU"K�P ` K \+\ � qQ` I]I+K q LVK Y�v KjI \][R` T ` g `oa I6r X � c(`8Y KQP�L ` � � 	 noKjT�K \6[ T LVU�K X g I [Sq GWT �
X�c KjI [Sq GWT GJT Y � � r9N [ T Y�[iv8[RY�a GJP \O` g&LVU�K/D0FHGJI�ILKMFNDPORQ�S Y GJLVG \ KML [ T LVU�K \ G c K c GJT�T�KQI-G \

Y K \+q I [Sb K Y [ T)�8K q 	 y 	 � � L ` \ KQK [ g6L+U [R\ I]K v8[R\ K Y)c(`8Y KQPsI]K \]a PSL \H[ T Y�[S� KQI]KQT�L [ T"g KjI+KQT q K~G b `Wa L

nWKQT `oc K � � [RY K�G v KQI+GWnoK
� [ T)U a�c GWT \ 	 � U�K�e�I [Sc GJI]t qQ` T q KjI+T [R\ LVUfGJL K \ L [Rc GJL+K \ ` g � [ T

b�` L+U e ` e�P G0L [R` T \ c G t b K b�[ G \ K Y�a e �mGJI Y�\�� G \~`oa I \+[Rc a P GJL [R` T \ L a�Y�[ K \ U�KQI]K a�\][ T�n)L+U�K

e"I+K � qQ` I]I+K q LVK Y c~`8Y KQP \+a nonoK \ L �� q GWT \ U ` � \+a�b"\ L_GJT!L [ GWP�e `W\+[ L [Sv K b�[ G \ g ` I \+c GWPRP v GWP a K \�` g

� 	

� U�K \+q GWPRK Y e"I ` hfPSKBP ` n � P [ �WKjP [ U `;`8Y g ` I � [S\ \ U ` � T [ T C [ n 	 	 	 { � g ` I b ` LVU X g I [Sq GWT �
X�c KjI [Sq GWT \ GJT Y � a I ` e�K GWT \�� qQ`oc efGWI+G b PRK L ` C [ n 	 y 	 � z b KMg ` I+K
	 } a I K \ L [Rc GJLVK \ ` g �$GJI+K

\]a�b�\ L_GWT�L [ GWPRPit I+K Y�a�q K Y g ` I b ` LVU~L+U�K X g I [Sq GWT � X-c KQI [Rq GJT~GJT Y � a I ` e KQGWT e ` e a PRGJL [S` T \ g I `oc
b Kjg ` I+K � � [ L+U �� % 	 	 { � e�I]K v8[R`oa"\ PSt { 	 ���OGWT Y � 	 � � e"I+K v8[S`oa�\ Pit � 	 ��� � I]K \ e K q L [iv KjPSt 	 � U `oa noU
L+U�K \ K~T"K�� K \ L [Sc G0LVK \k` g �$GWI+K \ L [ PSP c(`;Y K \ L+PSt \][Rc([ P GJI b KjL �6KQKjTBe ` e a P GJL [R` T \�� L+U�K~e"I ` hfPSK

P ` n � P [ �JKQP [ U `8`;Y"\s\+`oc K�� U�GJL \+a I]e�I [S\+[ T�noPSt(T ` P ` T�noKjI ` v KjI+P GJe � [ LVU [ T y P ` n � P [ �JKQP [ U `8`;Y a T [ L \ 	
F [Sv KQT(LVU�K-G \+\]a�c e;L [R` T \7` g `oa I c(`8Y KQP ��\+`oc K ` g � U [Rq U �6K �!T ` � L ` b K a T�LVI a K � L+U [R\ e�I `Wb �
G b PSt c(` I+K [ PRP a�\ L+IVGJL+K \ LVU�K P [Rc([ L_G0L [R` T \s` g `oa ImGWe�e�I ` G q U LVU�GWTde�I ` v8[RY K \ K v8[SY KQT q K ` g G I+KQGWP

v GWI [ GJL [R` T [ T �xG q I `W\+\ e ` e a PRGJL [S` T \ 	 � } T LVU�K ` LVU�KjI�UfGWT Y �<\+`oc K g K G0L a I]K \ ` g	I+K qQ`oc b�[ TfG �



{ 	

profile log−lik of f (loess−correction)

f

lo
gl

ik 
− 

m
ax

(lo
gl

ik)

1 2 3 4 5

−4
−3

−2
−1

0

Af−Am
CEPH

C [ n a I+K 	 	 { � � U�K \]q GWPSK Y e�I ` hfPRK P ` n � P [ �WKjP [ U `;`8YH` g � �8b G \ K Y�` T c G � [Sc~[S|Q[ T�n � e KjI	P `;qja�\ g ` I
K G q U noI [RY e `o[ T�L ` g$� � g ` I�L+U�K D0FHGJILI�KMFNDPO Q�S Y GJLVG \ KML � g ` I X g I [Sq GWT � X-c KQI [Rq GWT � I+K Y \+` P [RY P [ T�K �
GWT Y � � r9N � b P a K Y�` L � GJT Y � Y G \ U P [ T�K � [ T Y�[Sv8[SY�a GWP \���a�\+[ T�n LVU�K P ` K \+\ � qj` I+I]K q L+K Y v KQI \][R` T ` g
r X � Y K \]q I [Sb K Y [ T L+U [R\sq U�GWe"LVKjI�	 � U�K v KQI^L [Rq GWP"P [ T�K \ I+Kje�I+K \ KjT!L9L+U�K 
 � � \ 	 � U [S\ P [ �WKjP [ U `;`8Y
[R\ ` v KjI�G noI [RY�` g�P ` n  #" � v GWP a K \�� I+K \]a PSL [ T�n [ TdL+U�K `ob�\ KQI v K Y P G q � ` g \]c~`8` LVU"T�K \]\ 	



{ �

L [R` T \]a�q U�G \	q I `o\+\]` v KQI6U ` L \ e ` L \ GWe�e�K GWI&L ` K vW` P v K-l a�[Sq �8Pit � K
	 n 	�wxGWPSPfKjL6GWP 	 � yWzoz 	 � � rsL_G �
KML GJP 	 � yJzoz � � � w [ T q �8PSKQI(KjL�GWP 	 � yWzoz�� � � GWT Y e KjI+UfGWe \~v GWI]t�G q I `W\+\ U a�c GWT�e ` e a P GJL [R` T \

� C K GWI]T�U�K G Y GWT Y � c~[ LVU � yJzoz�� � � \+` LVUfG0L [ L [R\ T ` L [ T qj` T q K [Sv G b PSK LVU [R\ c([ noU�LkGWP \+`db K L+U�K
q G \ K � [ LVU�� 	 �

p K \ e [ LVK LVU [S\ PRG q � ` g qQ` T \+[R\ LVKjT q t b KjL �6KQKQTZe ` e a P GJL [R` T \ G0g LVKQI GWe"e�PSt [ T"n$L+U�K=P ` K \+\ �
qj` I+I]K q LVK Y r X � c(`;Y KQP � L+U�KOI+K \]a PSL \ GJI+K c~` I]K \+[Rc([ PRGWI*L+UfGWT LVU�KOe�I+K � qj` I+I]K q L+K Y r X � c~`8Y KjP

L ` L+U�K qQ`oc e `W\+[ L+K � P [ �JKQP [ U `8`;Y K \ L [Rc GJL+K \H` g rsL_G � KjL GWP 	 � yWzoz � ��	 p [iv;[SY�[ T"n `oa IHK \ L [Rc GJLVK \
b t h v K(L ` G Y�B]a�\ Lkg ` I L+IVG q L PSKQT�nJLVU Y�[R\]q I]KQefGWT qQ[ K \ G \ [ T)�8K q 	 y 	 � � �7K(noKjL �� % z 	 �oy GWT Y

z 	 	 ��g ` I�L+U�K X g I [Rq GJT � X�c KjI [Rq GWT \ GJT Y � a I ` e�K GWT \�� I]K \ e K q L [iv KjPSt 	 � U�K \ K ��xK \ L [Sc G0LVK \ GJI+K

PSK \]\ LVU�GWT�G g G q L ` I ` g L � ` Y�[S� KQI]KQT�L7g I `oc LVU�K�r&LVG�� KjL GJP 	 � yWzWz � �&K \ L [Rc GJLVK \6` g � GWT Y z 	 y � �
I]K \ e K q L [iv KjPSt 	 X n�G [ T `Wa I K \ L [Rc GJL+K \ ` g�noKQT `oc K � � [SY K�� qQ` T \][RY KjIVG b PSt Y"[S� KQImg I `Wc LVU `o\ K ` g

C I [R\+\ K KMLkGWP 	 � yJzoz � � � � U `Wc K \ L [Sc GJL+K �=L `�b K � �^y�� �#a�\][ T�n�PRK \]\�Y GJLVG�GWT Y \]`oc K Y�[S� KQI]KQT�L
G \+\+a"c e"L [R` T \ � \ KjK �8K q 	 y 	 � ��	

X�\ �mG \ LVU�K q G \ K�e�I [R` I9L ` L+U�K-P ` K \+\ � qQ` I+I+K q L [R` T � K \ L [Sc GJL+K Y � G q I `W\+\ noKjT�K \ �7KjI+K qj` I+I]K �
PRGJLVK Ydb KML �7KjKQT L+U�K L � ` e ` e a P G0L [R` T \ � I+K \]a PSL \ `oc~[ L+L+K Y ��	

� ! - !% 2 / " � S I�,
F S S I / � � ILK '�%(, 0 'RF+,
F S

X e ` LVKjT�L [ GJPse�I `Wb PRK c1[ T [ T!L+KQI]e�I+KML [ T"ndL+U�K(I+K \]a PSL \k` gmGde�I ` hfPRK P [ �JKQP [ U `8`;Y [S\ LVUfG0L ` T�K ` I
G�g K�� noKQT�K \ c G t b K Y"`oc~[ TfGJL [ T�n `oa I [ T"g KQI]KQT q K ` T � 	 �
T LVU"K ` I^t L+U [R\�[S\ T ` L G e�I `ob PRK c

[ g&LVU�K c~`8Y KQP [R\�qj` I+I]K q L �<b�a L-LVU�K r X � c(`;Y KQP [S\ GWT=GWe"e�I ` � [Rc GJL [S` T GJT Y �7K �!T ` � \+`oc K

` g [ L \ G \+\]a�c e;L [R` T \ L `�b K g GJP \ K
	 �
T Y KjK Y � c G t T ` L b K qj` T \ L_GWT�LHG q I `o\]\ LVU�K nWKQT `oc K 	 � g

� Y"` K \ v GWI^t � �6K c~[ noU�L �7GWT�L L ` G vo`o[SY `Wa LVPit [ T�n noKjT�K \ L+UfGJLOGWI]KkGJL
t8e [Rq GWP ` g�LVU"K c G B]` I [ L
t

GJT YdY I [iv;[ T�n [ T"g KjI+KjT q K � G \ �7K GWI]K [ T�LVKjT Y�[ T"n L ` K \ L [Rc GJLVKkG noKjT `oc K � � [RY KkG v KjIVGWnWK�� LVU�GJL
I]K �fK q L \ LVU"K c G B]` I [ L
t ` gmnoKjT�K \ 	 � ` \ KQK [ gmGdI+KjP GJL [Sv K g K�� noKjT�K \ GWI+K [ T Y KQK Y Y I [Sv8[ T�n `oa I

e"I ` hfPSK � P [ �JKQP [ U `8`;Y K \ L [Rc GJL+K ` g � � �7K	P `8` �JK Y G0L L+U�K \+q GJPRK Y e�I ` hfPRK9P ` n � P [ �JKQP [ U `8`;Y�\�` g"P ` n! #"&�
g ` I �Wz I+GWT Y�`Wc Pit \ KQPSK q L+K Y noKjT�K \ g I `oc K G q U e ` e a PRGJL [S` T ��\ U ` � T [ T C [ n a I]K 	 	 � 	 � UfG0L [R\��
�6K�e"P ` L � � ��� �� �

�
�kg ` IHnoKQT"K � � � % � � 	 	 	 � �Jz � � U�KjI+K � � ��� � � [R\ LVU�K~P ` n � r X � v GJP a K g ` I � � � � �

GJT Y �� �
�
[R\ LVU�K � LVUfGJL c G � [Sc~[S| K \ � � ��� � � [ T nWKQT�K � g ` I�G(efGWI^L [Rqja P GJI�noI [RY v GJP a K ` g � 	 C ` I



{��

profile log−lik of f (loess−correction) Af−Amer

log10(f)

lo
gl

ik
 −

 m
ax

(lo
gl

ik
)

−0.5 0 0.5 1 1.5 2 2.5 3 3.5

−4
−3

−2
−1

0

profile log−lik of f (loess−correction) CEPH

log10(f)

lo
gl

ik
 −

 m
ax

(lo
gl

ik
)

−0.5 0 0.5 1 1.5 2 2.5 3 3.5

−4
−3

−2
−1

0

C [ n a I+K 	 	 � �&� q GWPSK Y e�I ` hfPRK�P ` n � P [ �WKjP [ U `;`8Y�\&` g P ` n! #"$� g ` I �Wz I+GWT Y�`oc PSt \ KQPRK q L+K Y noKQT"K \ g ` I
LVU�K X g I [Rq GJT � X�c KjI [Rq GWT � L ` e�I ` � �	GWT Y � � r9N � b ` L]L `oc I ` � � [ T Y�[iv;[SY�a GWP \&` g D0FHGJILILKMFNDPORQ�S �
a�\+[ T�n=L+U�K P ` K \+\ � qj` I+I]K q L+K Y�v KQI \+[S` T ` g r X � 	 } e KjT qQ[ I q PRK \ ����� � � I+Kje�I+K \ KQT�L L+U�K 
 � � \
` g&LVU�K \ K �Jz noKQT"K \ g ` IOK G q U e ` e a PRGJL [S` T 2�q P `o\ K Y qQ[ I q PSK \ ������� � I+Kje�I+K \ KQT�L L+U�K 
 � � \�` g	GWPSP
noKQT�K \ g ` I K G q U=e ` e a P G0L [R` T 	 � U�K v KjI]L [Sq GWP&P [ T�K \ I+Kje�I+K \ KQT�L LVU�K ` v KjIVGWPSP&e�I ` h�PRK P [ �WKjP [ U `;`8Y

 � � ` g � 	 � ` LVKHLVUfG0LOL+U�K ` v KQIVGJPRP 
 � � \ KQK c~\O\+c GWPSP g ` I b�` L+U e ` e a PRGJL [S` T \ qQ` T \+[SY KQI [ T�n
LVU�KkT a�c b KQI ` g�noKQT"K \ � [ L+U �� noI]K GJL+KQImLVU�GWT L+U [R\ ` v KQIVGJPRP 
 � � 	



{W{

KQG q U�e ` e a P GJL [R` T �J[ L \ KQK c(\ LVU�K c G B]` I [ L
t ` g#noKQT"K \ UfG v K ��dnoI]K GJL+KQI&LVU�GWT LVU�K ` v KQI+GWPRPfe"I ` hfPSK

P [ �JKQP [ U `8`;Y 
 � � 	 � U [S\ \+a nonWK \ L \ L+UfGJL \+`Wc K ` I \ K v KjIVGWP noKjT�K \ � [ L+U \]c GJPRPRKjI �� c~[ noU�L UfG v K
v KQI^tde KQG��WK Y P [ �WKjP [ U `;`8Y�\ 	

C [ n a I]K 	 	 � qQ` T \][RY KjI \ L+U�K \]q GWPSK Y e�I ` h�PRKOP ` n � P [ �WKQP [ U `8`8Y�\*` g P ` n  #" ��g ` I7GJPRP noKQT"K \ � U `o\ K
��$% z 	 	 y � L+U�K�P ` �6K \ L � noI [RY(v GJP a K
	 � ` L+K�L+UfGJL7g ` I \+`Wc K ` g LVU"K \ K nWKQT�K \�� L+U�K-P ` n � P [ �JKQP [ U `8`;Y
v GWP a K \ IVGWe [SY PSt Y K q I]K G \ K g ` I-PRGWI+noKjI v GWP a K \�` g � � efGWI^L [SqQa PRGWI+Pit [ T L+U�K � � r9N [ T Y�[iv8[RY�a GJP \ 	

� U [R\k\+a nWnoK \ L \ noKQT�K \ � [ LVU \+c GWPRP �� c G t [ T Y KQK Y)b K \ LVI ` T�noPit G � K q L [ T�n [ T"g KQI]KQT q K ` T=L+U�K

e"I ` hfPSK � P [ �JKQP [ U `8`;Y K \ L [Sc GJL+K ` g � b t \+a"b�\ LVGWT�L [ GJPRPSt~P ` �6KQI [ T�n L+U�KkG v KQI+GWnoKkP [ �WKjP [ U `;`8Y~v GWP a K
` v KQI~GWPRPmnWKQT�K \ GJL(PRGWI+noK�nWI [RYBv GWP a K \ ` g � 	 � U"KQI+KMg ` I+K � G \ GWT�GWPSL+KQI]TfGJL [iv K � �6K I]K c(` v K Y

nWKQT�K \ � U `o\ K �� �7KjI+K �+GJL
t8e [Rq GWPRPit ��P GWI]noK ` I \]c GWPSP [ T � G b PSK 	 	 y L `d\ KQK(U ` � [ T"g KQI]KQT q K [ T

� q UfGWT"noK \ 	 � L~GWe�e�K GWI \ L+UfGJL LVU�K [ T;g KQI+KjT q K�g ` I L+U�K � � r9N�e ` e a P GJL [R` T [S\ efGWI]L [Rqja P GWI]PSt

\ KQT \][ L [Sv K
	 C [ n a I+K 	 	 � \ U ` � \ LVU�K~e�I ` h�PRK(P ` n � P [ �WKQP [ U `8`8Y g ` IHnoKQT"K \ � U `o\ K �� �7KjI+K [ T L+U�K

c([RY"Y PRK � z � ` T�Pit �J[ 	 K 	*I]K c(` v;[ T�n-nWKQT�K \ � U `o\ K ����7KjI+K [ T LVU�K7U [ noU"K \ L � z � ` g�GWPSP;nWKQT�K \ GWT Y

nWKQT�K \ � U `o\ K �� �7KjI+K [ T�L+U�K P ` �6K \ L�� z � ` g�GWPSP noKQT"K \ 	 � ` LVK�L+UfGJL LVU"K � a I ` e�K GWTdK \ L [Sc GJL+K
` g	�xUfG \kq UfGJT�noK Y \+a�b"\ L_GJT!L [ GWPSPSt � � U [ PSK LVU�K X g I [Rq GWT � X�c KjI [Sq GWT K \ L [Sc G0LVK UfG \ T ` L 	 � ` LVK
GJP \+` LVUfGJL-LVU�K e�I ` hfPSK P ` n � P [ �WKjP [ U `;`8Y�\ T ` � ` v KQI]P GWe g ` I�LVU�K L � ` e ` e a P GJL [R` T \�� G \ �mG \ L+U�K

q G \ K [ T �8K q 	 y 	 � 	

� G b PSK 	 	 y �Or&I ` h�PRK P ` n � P [ �JKQP [ U `8`;Y K \ L [Rc GJLVK \-` g � g ` I-noKjT�K \ � U `o\ K e"I ` hfPSK P ` n � P [ �JKQP [ U `8`;Y
�� GWI]K [ T LVU"K c([RY"Y PRK�� e KjI q KjT�L 	

� X g � X-c KQI � � r9N
� zoz 	 	 � � � 	 { �
� z 	 	 � z 	 	 � �
� z 	 	 � z 	 	 � �
�Jz � 	 { � y 	 � �
{Wz � 	 { � y 	�� �
�Jz � 	 � � y 	�� �



{ �

profile log−lik of f (loess−correction) Af−Amer

log10(f)

lo
gl

ik
 −

 m
ax

(lo
gl

ik
)

−0.5 0 0.5 1 1.5 2 2.5 3 3.5

−4
−3

−2
−1

0

profile log−lik of f (loess−correction) CEPH

log10(f)

lo
gl

ik
 −

 m
ax

(lo
gl

ik
)

−0.5 0 0.5 1 1.5 2 2.5 3 3.5

−4
−3

−2
−1

0

C [ n a I+K 	 	 �"�7� q GWPSK Y e�I ` h�PRKkP ` n � P [ �WKjP [ U `;`8Y�\	` gsP ` n! #"$� g ` I noKjT�K \ � [ L+U ��$% z 	 	 y � L+U�KHP ` �7K \ L
GWPRP ` �6K Y�v GWP a K � g ` I L+U�K X g I [Rq GJT � X�c KjI [Rq GWT � L ` e I ` � � GWT Y � � r9N � b�` L+L `oc I ` � � [ T Y�[Sv8[SY �
a GWP \ ` g D0FHGJILI�KMFNDPO Q�S �7a�\][ T�n L+U�KdP ` K \+\ � qj` I+I]K q L+K Y$v KjI \+[S` T ` g�r X � 	 } e�KQT qQ[ I q PSK \ � � � � �
I+KQe"I+K \ KQT�L \ � % z 	 	 y 2!q P `o\ K Y~qj[ I q PRK \ � ����� �*I]KQe�I]K \ KjT�L7LVU"K 
 � � \	` g<GWPSP�noKjT�K \ g ` I9K G q U~e ` e a �
P GJL [R` T 	 � U�K v KQI]L [Rq GWP P [ T�K \ I]KQe�I]K \ KjT�L LVU�K ` v KQIVGJPRP�e�I ` h�PRK-P [ �JKQP [ U `8`;Y 
 � � ` g � 	 � ` LVK�L+UfGJL
\+`oc K ` g7L+U�K \ K~nWKQT�K \ U�G v K v KQI]t e�K G �WK Y e�I ` hfPRK P ` n � P [ �JKQP [ U `8`;Y�\ 	 C ` I K��"G c e"PRK � L+U�K(PRKjg L �
c~`o\ LkP ` n � P [ �WKjP [ U `;`8Y ` g7LVU"K � � r9N [ T Y�[iv;[SY�a GWP \ UfG \ G v KjI]t \ U�GWI+e Y K q P [ T"K � � U [Rq U c~[ noU�L
G q L L ` I+G Y�[Sq GWPSPSt [ T�� a KQT q KkL+U�K ` v KQI+GWPRP<e"I ` hfPSK P [ �WKQP [ U `8`8Y � 
 � � 	



{ �

profile log−lik of f (loess−correction) 
 inner 80%

f

lo
gl

ik 
− 

m
ax

(lo
gl

ik)

1 2 3 4 5

−4
−3

−2
−1

0

Af−Am
CEPH

C [ n a I]K 	 	 �"� � U�K \+q GWPRK Y e�I ` hfPSKOP ` n � P [ �JKQP [ U `8`;YH` g ��g ` I X g I [Rq GWT � X-c KQI [Sq GWT � I+K Y�\+` P [RY P [ T�K �
GJT Y � � r	N � b P a K Y�` L � GWT Y � Y G \ U P [ T�K � [ T Y�[Sv8[RY"a GWP \�� a"\+[ T"n LVU�K P ` K \+\ � qQ` I+I+K q L+K Y v KjI \][R` T ` g
r X � Y K \+q I [Sb K Y [ T�LVU [S\mq UfGWe;LVKQI � GJg LVKjImI+K c~` v8[ T"n noKQT�K \ � U `o\ K �� �7G \ [ T~LVU�K U [ noU�K \ L � z �
` IOP ` �7K \ L � z � ` g&GJPRP<noKjT�K \ � �� 	 � U�K \]` P [SY v KQI]L [Rq GWP�P [ T"K \ I+Kje�I+K \ KQT�L�L+U�KHe�I ` h�PRKkP [ �WKQP [ U `8`8Y
� 
 � � \ g ` I L+U�K \ K noKjT�K \ 	 � U�K Y�` L]LVK Y�v KjI]L [Sq GWP P [ T�K \ I+KQe"I+K \ KQT�L L+U�K e"I ` hfPSK�P [ �WKQP [ U `8`8Y
� 
 � � \�a"\+[ T"nBGWPRPOnoKjT�K \ 	 � ` LVK LVU�K qj` T \][RY KjIVG b PSK q UfGJT�noK [ T � 
 � � g ` I(LVU�K � � r9N
Y GJL_G 	 � U [R\ P [ �WKjP [ U `;`8Y~[S\m` v KjI�G noI [RY ` g*P ` n  #" � v GWP a K \�� I]K \]a PSL [ T�n [ T LVU�K `ob"\ KQI v K Y P G q � ` g
\]c~`8` L+U�T�K \]\ 	



{ �

0 50 100 150

−2
−1

0
1

2

Af−Amer

gene label

es
t   

log
10

(γ)

0 50 100 150

−2
−1

0
1

2

Af−Amer  (loess)

gene label

es
t   

log
10

(γ)

0 50 100 150

−2
−1

0
1

2

CEPH

gene label

es
t   

log
10

(γ)

0 50 100 150
−2

−1
0

1
2

CEPH  (loess)

gene label

es
t   

log
10

(γ)

C [ n a I+K 	 	 � z � � \ L [Rc GJLVK Y P ` n  #" � � � � b � g ` I X g I [Sq GWT � X-c KQI [Rq GWT \ � L ` e I ` � �sGWT Y � � r9N � b ` L �
L `oc I ` � ��g ` I�� � 	 noKQT�K \9` g2D0FHGJI�ILKMFNDPORQ�S ��a�\][ T�n�L+U�K v KjI \][R` T ` g r X � Y K \]q I [Sb K Y [ T��7UfGWe;LVKQI
y � PRKMg L ��GWT Y LVU"K(P ` K \+\ � qQ` I+I+K q L+K Y v KQI \+[S` T Y K \+q I [Sb K Y)[ T L+U [R\ q UfGJe"LVKjI � I [ nWU!L ��	 � U"K~noKjT�K \
GWI+KHP G b KQPSK Y [ T ` I Y KjI ` g [ T q I+K G \+[ T"n �� 	 � U�K Y�` L]LVK Y P [ T�K \ K��8L+KQT Y g I `oc LVU�K q P `W\ K \ L � noI [RY
v GJP a K \6\]a�q U LVUfG0L � � � � �� � [R\ L � ` P ` n � P [ �JKQP [ U `8`;Y a T [ L \6b KQP ` � � � �� � �� � � g ` I	K G q U ` g � 	 �� GWT Y
� � �� � LVU�K \ K � v GWP a K \ GWI+K Y KQT ` LVK Y b t � � � ��	 � ` L+K�L+UfGJL	LVU�K�PRKQT"nWLVU \	` g L+U�K \ K � qj` T"h Y KQT q K
I+KQn [R` T \ � g ` I noKQT�K \ � [ LVU P ` � �� [ T q I]K G \ K G0g LVKQI a�\][ T�n LVU"K P ` K \+\ � qQ` I]I+K q LVK Y v KQI \][R` T ` g&r X �
qQ`oc efGWI]K Y L ` L+U�K ` I [ n [ TfGJP v KjI \][R` T �;[ 	 K 	 g I `oc PSKjg L9L ` I [ noU�L 	 C ` I9K��"G c e�PSK � g ` I&LVU�K X g I [Rq GWT �
X-c KQI [Sq GWT Y GJL_G \ KjL � �6K UfG v K U [ noU�P [ noU�LVK Y [ T I+K Y L+U�K noKjT�K \ g ` I � U [Sq U L+U�K PSKQT�nWL+U ` g9LVU [R\
I+KQn [R` T [S\ � � �f` g � U [Sq U L+U�KQI]K GJI+K T ` L [Rq K G b Pit�g K��7KjI [ TdL+U�KkP ` K \]\ � qj` I+I]K q LVK Y e�P ` L 	

� ! - !#" 
 �"F 4 I /ed � / F S S � / '-' F 4 I�% / , / ,,D . G+$5F /ed � % � F K % .�/
/ 7

X �WKMt e `o[ T�L ` g a"\+[ T"n�LVU�KmP ` K \+\ � qQ` I+I+K q L [R` T [S\ LVU�GJL �6K UfG v K GWPiLVKQI]K Y L+U�KmP [ �WKjP [ U `;`8Y L ` c~` I+K
G qQqja IVGJL+KQPit I+K.�fK q L `oa I a T q KQI^L_G [ T�L
t [ T K \ L [Sc G0L [ T"n�P ` � � L ` � c([RY � IVGJT�noK v GJP a K \s` g � 	 � UfGJL [R\��
LVU�K P ` K \+\sqj` I+I]K q L [R` T T ` L ` T�Pit qj` I+I]K q L \ G b�[ G \s[ T e `o[ T�L&K \ L [Rc GJLVK \��ob�a L [ L9G q L a GJPRPSt q UfGJT�noK \

LVU�K \ UfGWe�K ` gfL+U�K7P [ �WKjP [ U `;`8YHqQa I v K 	 � ` [ PRP a"\ LVI+GJLVK&L+U [R\�� �7K6g `oa T Y L+U�K 
 � � \s` g � GWT Y � e�KQI
noKQT�K ` v KjI	G � zoz�� e `o[ T!L � KQl a GJPRPSt \ efG q K Y P ` n  #" � ��� � b �*noI [RY ` T � �^y 	�� z � � 	 {oz � GJT Y G � zWz�� e `o[ T�L �
KQl a GWPSPSt \ efG q K Y P ` n  #" � � � � b �	noI [SY ` T � �^y 	 zoz � y 	 zoz � a�\+[ T�n LVU"Kkr X � c~`8Y KQP b Kjg ` I]K GWT Y GJg L+KQI



�Jz

L+U�K P ` K \+\ � qQ` I]I+K q L [S` T 	 �
T C [ n 	 	 	 � z � �6K e�P ` L
�� GWT Y LVU"K q P `o\ K \ L � noI [SY v GWP a K \ � [ L+U [ T L � `
P ` n � P [ �JKQP [ U `8`;Y�a T [ L \ K [ L+U�KQI \+[RY K ` g �� g ` I-K G q U noKjT�K 	 � UfGJL [R\�� g ` I�KQG q U noKQT"K � �6K(e"P ` L
��
GJT Y [ L \*q P `W\ K \ L	noI [SY v GJP a K � 	 �� \]a�q U~L+UfGJL � � � � �� � � � � �� � �� � 	 y GWT Y [ L \&q P `o\ K \ L9noI [RY v GWP a K
� � �� \+a"q U�LVUfG0L � � � � �� � � � � �� � �� � 	 y � � U�KQI]K � � � � � � [R\ L+U�K�P ` n � r X � v GWP a K g ` I � � � 	 � U�K \ K

� qQ` T"h Y KQT q K-I]KQn [S` T \ �kTfGJI+I ` � G \ �� [ T q I+K G \ K \�� I]K �fK q L [ T�nkLVU�K c(`;Y KQP � \&[ T q I+KQG \+[ T�n q KQI^L_G [ T�L
t
[ T�K \ L [Rc GJL+K Y � g ` I P GWI]noK��� 	9N ` �6K v KjI � e�I [S` I7L ` P ` K \+\ � qj` I+I]K q L [R` T � e KjI+UfGJe \ L `8` g K�� ` g�L+U�K

nWKQT�K \ � [ LVU \]c GWPSP �� UfG v K � [RY K KjT `oa nWU \]a�q U�I]KQn [S` T \ L ` GWe�e�I ` e�I [ GJLVKjPSt I+K.�fK q L `Wa I c(`;Y KjP � \
Y"[A@(qQa PiL
t [ T(G qjqQa I+GJLVKjPSt K \ L [Rc GJL [ T�n \+c GWPRP v GJP a K \	` g � 	 X g L+KQI9P ` K \]\ � qQ` I]I+K q L [S` T � �6K \ KjKOL+U�K
T a�c b KjI ` g noKQT�K \ � [ LVU \]c GJPRP �� GWT Y � [SY K qQ` T"h Y KjT q KkI+Kjn [R` T \ [ T q I+KQG \ K \ qQ` T \][RY KjIVG b PSt � g ` I

b�` L+U e ` e a P GJL [R` T \ 	

� ��� � � � � �����

�
T L+U [R\�q UfGWe"L+KQI �6KmUfG v K q UfGWIVG q LVKjI [S| K Y G b"[ G \�[ T � K \ L [Sc GJL [R` T � � U [Rq U GWe�e�K GJI \ L `�b K c~`o\ L

\ LVI ` T�noPit [ T � a KQT q K Y=b t LVU"K L+I a K I+GJLVK ` g6noKjT�K qQ` T v KjI \][R` T [ T LVU"K(I]KQn [S` T 	 �
T efGJI]L [SqQa PRGWI �
`Wa I c(`;Y KjP GWe�e�K GJI \ L `B\]a�b�\ L_GWT�L [ GWPRPit ` v KQI+K \ L [Rc GJLVK P ` ��L `�c K Y"[Ra�c G c(`oa T�L \ ` g noKjT�K

qj` T v KjI \+[S` T 	 � U"K c GWnoT [ L a�Y K ` g*L+U [R\ ` v KjI+K \ L [Sc GJL [R` T GWe�e�K GJI \ L `(Y KQe�KQT Y ` TdLVU�KHT a�c b KQI

` g�� � r \	[ T LVU"K�I]KQn [S` T � � [ L+U�GkP GJI+noKjI&T a"c b KjI ` g�� � r \ L
t8e [Rq GWPRPit PRKQG Y�[ T�n�L ` GWT [ T q I]K G \ K Y
b"[ G \O[ T K \ L [Rc GJLVK Y � 	 � U�K b"[ G \ �mG \ G \+\ K \]\ K Y GWT Y qQ` I+I+K q L+K Y a�\][ T�n~P ` K \+\�qQa I v K \�` T Y G0L_G

\][Rc a P GJL+K YHa T Y KjIsG \ L_GWT Y GWI Y qQ` GJPRK \]q KjT!L c~`8Y KjP 	�N ` �7K v KjI � �6K6g `oa T Y LVUfG0L [ T"g KQI]KQT q K b G \ K Y

` T=L+U�K P ` K \+\ � qj` I+I]K q L+K Y c~`8Y KQPsGWe�e�K GWI \ I `ob�a�\ LHL ` \][Rc a P GJL [R` T \ LVUfGJL [ T q P a�Y K e ` e a PRGJL [S` T

K��;efGWT \][R` TBGJT Yx\+`Wc K Y KQnoI]KQK ` gOG Y�c([ �8L a I]K 	dw)K~I+K � GWTfGJPSt | K Y LVU�K D0FHGJI�ILKMFNDPORQ�S Y G0L_G \ KjL

a"\+[ T"n~LVU"K P ` K \+\ � qQ` I]I+K q LVK Y v KjI \][R` T ` g `oa I c(`;Y KjP<L ` K��"G c~[ T�KHnoKQT `Wc K � � [RY K��=GWT Y g `oa T Y
`Wa I�K \ L [Rc GJL+K \�Y K q I+KQG \ K b t Gxg G q L ` I ` g�� y g I `Wc LVU"K ` I [ n [ TfGJP v KQI \][R` T ` gHLVU�K c(`;Y KQP 	

� \]\ KQT�L [ GWPSPStkLVU�K qj` I+I]K q L [R` T [ T q I+K G \ K \&`Wa I a T q KQI^L_G [ T!L
t [ T G qQqQa IVGJL+KQPSt n�G a n [ T�n \+c GWPRP v GWP a K \

` g � b t � GJL]LVKQT [ T�n=LVU�K r X � P [ �JKQP [ U `8`;Y GJL~LVU�K \ K v GWP a K \ 	 � U [S\�c G t c G��WK LVU�K P ` K \+\ �
qj` I+I]K q LVK Y v KQI \+[R` T ` g `oa I(P [ �WKjP [ U `;`8Y$c~` I]K GJe�e�I ` e�I [ GJLVKdg ` I a"\ K [ T G � G tWK \][ GWT c(`;Y KQP �

� U [Rq U � [ PRP b KkK��"e"P ` I]K Y [ T �7UfGWe"L+KQI � 	



� �

-/7������8� 	��

� � ��� � � � � � � � � ��� � 	

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

u e L ` T ` � �6K UfG v K G \]\+a�c K Y �!T ` � T UfGJe�P ` L
t8e�K [ T"g ` I c G0L [R` T 	 �
T c(`o\ L qja I+I]KQT�L Y GJL_G
qQ` PSPRK q L [S` T�e�I ` L `8qQ` P \��;` T�K `ob"\ KQI v K \�` T"PSt�L+U�K efG [ I ` g*� � r qQ` T"hfn a I+GJL [S` T \ GJLmK G q U \+[ LVK ` T

G q U�I `oc(`o\+`oc K�g ` IOGWT [ T Y"[Sv8[RY�a GWP �;[ 	 K 	&LVU�K 0 F+, / I '-$5F [ T"g ` I c G0L [R` T 	 � U�K � [ GWT Y �8LVKje�U�KQT \
� yWzoz 	 � r X � c(`8Y KQP UfG \~b KQKjT e�I]K v8[R`oa"\ PSt [Sc e"PRK c KQT�L+K Y$[ T�G � G tWK \][ GWT 
 GWI � ` v �7U�G [ T


 ` T�LVK �mGJI+P ` � 
 � 
 ���7e"I ` noI+G cEq GWPSPRK Y r9N X � � LVU�GJL [ LVKQI+GJL [iv KjPSt a e Y GJLVK \ � � �6K \ L [Rc GJL+K \
` g9UfGWe�P ` L
t8e K \ qQ` T Y�[ L [R` TfGJP ` T LVU�K noKjT ` L
t8e�K Y GJL_G�GJT Y qQa I]I+KjT!LkI]K GWP [R| GJL [S` T ` g � GWT Y � y �
K \ L [Rc GJLVK \ ` g � qj` T Y�[ L [S` TfGWP ` TdLVU"K qQa I+I+KjT�L-I]K GWP [R| G0L [R` T ` g*LVU"K UfGJe�P ` L
t8e�K \ 	mw)K \+[Sc~[ P GWI]PSt

[ T qj` I+e ` IVG0LVK Y~`oa I6I+K v8[S\ K Y r X � c(`8Y KQP [ T�L ` r9N X � � L ` a�\ K-noKQT ` L
t;e�K Y GJLVGHL ` [ L+KQIVG0L [Sv KQPit

noKQT�KjIVGJL+K ��� �9K \ L [Rc GJLVK \7` g<U�GWe�P ` L
t;e�K \7qQ` T Y"[ L [S` TfGWP ` T�LVU�K qQa I]I+KjT!LmI+K GJP [R| GJL [S` T ` g � GWT Y �
GWT Y � y �	K \ L [Sc G0LVK \6` g � GWT Y � qQ` T Y�[ L [R` T�GWP ` T LVU"K qQa I]I+KjT!LmI+K GJP [R| GJL [S` T ` g<LVU�K-UfGWe�P ` L
t8e K \ 	

C [ I \ L �6K b I [ K ��t `oa L+P [ T"K(L+U�K a e Y GJLVK Y r	N X � � GWPRn ` I [ LVU c GWT YBY K \]q I [Sb K `Wa I q U `o[Sq K

` gse�I [R` I efGJIVG c KjL+KQI \ [ T L+U�K � G tWK \+[ GWT c(`8Y KQP 	 � K��8L �6K GWe"e�PSt�L+U�K r9N X � � GWPSn ` I [ LVU c L `

noKQT ` L
t;e�K Y GJL_G [ T�LVU"K4D0FHGJILI�KMFNDPO Q�S Y GJLVG \ KML 	 C [ TfGWPSPSt � �6K b I [ K �"t qQ`oc efGWI]K `Wa I�I]K \]a PSL \�` g
LVU [S\ GWTfGWPit \][R\ L ` L+U `o\ K ` g \][Rc a PRGJLVK YdY GJL_G g ` I � U [Rq U �7K��!T ` � LVU"KkL+I a L+U 	

C ` IOGWPSP�GWTfGWPit \ K \�[ TdLVU [S\�q U�GWe"LVKjI � �7K a�\ KHLVU�K � P ` K \]\ � qQ` I]I+K q L [S` T v KQI \][R` T ` gsL+U�K r X �
c~`8Y KQP Y K \]q I [Sb K Y [ T �7UfGWe"L+KQI 	 	

� ��� � �
�(� �� ���  	�� 	 � ��� 	 ���

- !% 
!% � . F Q & �"D 
 � / ' F � K 0 / '+% I . )

� U�K e�I ` noIVG c r9N X � � �.�8L+KQe�U"KQT \ KjL GWP 	 � yWzoz � � � �8L+KQe�U�KjT \ GWT Y p ` T�T�KQPSPSt � yWzoz 	 � � a"\ K \
G F [Rb�b�\�a e Y GJLVK \+q U�K c K L ` K \ L [Sc G0LVKHK G q U [ T Y�[iv;[SY�a GWP � \ UfGJe�P ` L
t8e�K qj` T"hfn a IVGJL [R` T qQ` T Y"[ �



�Wy

L [R` T�GWP ` THU [R\ noKjT ` L
t8e�K [ T"g ` I c GJL [R` T-GWT Y LVU"K ` LVU�KjI<UfGWe�P ` L
t8e K \ 	 C ` I K G q U \ LVKje � � % � � 	 	 	 ��� �

` gmLVU�K q UfG [ T � L+U�K�e ` L+KQT�L [ GWP9UfGWe�P ` L
t8e K qQ` T;hfn a I+GJL [S` T ` g [ T Y"[Sv8[RY�a GWP � GJLHLVU [R\H\ LVKje � �� �
�
�

� U [Rq U qQ` T�LVG [ T \ L � ` q U�I `Wc~`o\]`oc K \ [ T Y"[ e�P `o[RY ` I+n�GJT [R\]c~\��&[R\ \ G c e"PRK Y G qQqQ` I Y�[ T�n L ` [ L \

I]KQPRGJL [iv K�e"I `ob G b�[ P [ L
t � r9I � �� �
� 	���� � �  ��� � �
	 � �� � ��	=N�KQI]K �� � I+KQe"I+K \ KQT�L \ L+U�K `ob�\ KQI v K Y noKQT ` L
t8e K

qj` T"hfn a IVGJL [R` T ` g [ T Y�[Sv8[SY�a GWP � GWT Y ��� � �  ��� � �
	 I]KQe�I]K \ KjT�L \ L+U�K�K \ L [Sc GJL+K Y UfGWe"P ` L
t8e�K \ g I `oc

\ LVKje � � 	 � � ` g#L+U�K q UfG [ T(g ` I	GWPSP [ T Y�[Sv8[RY"a GWP \*[ T LVU�K \ G c e"PRK K�� q P a�Y�[ T�n [ T Y�[iv8[RY�a GJP � 	 � U [R\
[S\�Y�` T"K g ` I GWPSP �B[ T Y�[Sv8[SY�a GWP \�[ T LVU�K \ G c e"PRK G0LkK G q U \ L+KQe � g ` I \+`Wc K PRGWI+nWK T a�c b KQI ` g

I a T \�� 	 � U [S\ GJPRn ` I [ L+U c UfG \ b KjKQT a e Y GJLVK Y b t L+U�KHG a L+U ` I \ ` g � [ GWT Y �8L+KQe�U�KjT \ � yWzoz 	 �
L `�B]`o[ T!L+PStdK \ L [Sc G0LVK L+U�K UfGJe�P ` L
t8e�K \�� � � GWT Y LVU�K q I `o\]\+` v KjI IVGJL+K [ T LVU�K I]KQn [S` T �$� � a�\+[ T�n

L+U�K r X � c~`8Y KQP 	)w K U�G v K [ T qQ` I+e ` IVGJL+K Y$`oa I I]K v8[R\ K Y r X � c(`8Y KQP [ T�L ` LVU�K�L+U�K c~`o\ L

I]K q KQT�LVPit I]KQPSK G \ K Y)v KQI \][R` T ` g r9N X � � ��v KjI \][R` T y 	 � 	 � � L `#B]`W[ T�LVPit K \ L [Rc GJL+K � � � � GWT Y � �

L+U�KHnoKQT�K qQ` T v KQI \][R` T IVGJL+K [ T L+U�K I]KQn [S` T � G \OY K \]q I [Rb K Y b KQP ` � 	�� � U [S\�a e Y GJL+K Y v KQI \+[S` T ` g
r9N X � � [ T qQ` I+e ` IVGJL [ T�n nWKQT�K qQ` T v KQI \+[R` T [R\ T ` L toKML-I]KQPRKQG \ K Y 	 �
� Kjn [ T LVU�K q U�G [ T � [ LVU � �

"�� GJT Y � �
"�� � LVU�K \ L_GWI^L [ T�n v GWP a K \�` g � GWT Y � % � � � � I+K \ e K q �

L [Sv KQPSt 	 � U�KQT g ` I K G q U \ LVKQe � %�� � 	 	 	 ��� ` g�L+U�K 
 � 
 � GWPSn ` I [ LVU cE` g*r9N X � � � �6KW�

� 	��"G c e�PRK �� � � ��
g I `oc r&I � �� � � �� 	 �� � � ��� � �  ��� � �
	 � � � � �  �� � � � � �  �� ��	 � % � � 	 	 	 � �

y 	 u e Y GJLVK � � � � n [Sv KjT � � � � GWT Y � � � �  �� 	
	 	 u e Y GJLVK�� � � � n [Sv KQT � � � � GJT Y�� � � � 	

�!LVKQe \ � � �*GJT Y � y ��GWI+K G q U [ K v K Y v8[ G F [Rb"b�\ GWT Y 
 KjLVI ` e ` P [S\ � N�G \ L [ T�n \ L+KQe \�� G \s[ T �!LVKQe"U�KQT \
GJT Y � q U�KQKML � yJzoz�� ��	��!LVKQe � 	 � [S\ G q U [ K v K Yxb t=G I+GWT Y�`oc � �7GWP � 
 KMLVI ` e ` P [R\ � N-G \ L [ T�n \ LVKQe
` T P ` n  #" � 	

� K�� v GWP a K \ ` g � GWT Y � GJI+K G qQq Kje"LVK YBb G \ K YB` T)L+U�K [ I e `o\ LVKQI [R` IHe�I `ob G b�[ P [ L
t � � U [Rq U

[S\ e�I ` e ` I^L [R` TfGWPsL ` LVU�K [ IkP [ �WKjP [ U `;`8Y v GWP a K g I `Wc LVU�K~I+K v8[S\ K Y r X � c(`;Y KjP	GWT Y L+U�K(e�I [S` I

e"I `ob G b�[ P [ L
t ` g � GWT Y � 	 X \ G c e�PSK Y efG [ I ` g � � � � ��n [Sv K \ � 	kw)K T ` LVK L+UfGJL � GWT Y � q GWT

b K qj` T \ L_GWT�L G q I `o\]\ L+U�K I+Kjn [R` T ` I v K q L ` I \ LVU�GJL GWPSP ` � L+U�K I+GJLVK \ ` g q I `o\]\+` v KjI GWT Y noKjT�K

qj` T v KjI \+[S` T L ` v GJI]tdG q I `o\]\ LVU�KkI+Kjn [R` T � G \ [ T �8K q 	�� 	 y 	 y b KQP ` � 	



� 	

- !% 
!#" Q�'-% / ' S / , ��� �

w)K a"\ K [ T Y KQe�KQT Y KQT�L9e�I [S` I \�` T � GWT Y �(L `�Y KMhfT�KOr&I � � � � � � LVU"Kme�I [S` I*e"I `ob G b�[ P [ L
t ` g � GWT Y

� 	 � U�KOG \+\]a�c e"L [S` T ` g [ T Y KQe�KQT Y KjT q K ` g � GWT Y � [R\&q U [ K ��t g ` I \+[Sc e"P [Rqj[ L
t 	*�8e K qQ[ h q GWPSPSt �7K
G \+\]a�c K KQG q U ` g	P ` n  #" � GWT Y P ` n! #"$�xGWI+K T ` I c GWPRPit Y�[R\ LVI [Rb�a L+K Y � [ LVU c K GWT GWT Y v GWI [ GWT q K

efGWIVG c KMLVKQI \ � 

�
� �
�
�
�mGWT Y � 
 � � �

�
� � � I+K \ e�K q L [Sv KQPSt 2 [ 	 K 	i�

P ` n  #" ��� � � 
 � � �
�
� �

P ` n! #" � � � � 

�
� �

�
�
��	

� U"K T ` I c GWP [ L
tdG \]\+a�c e"L [R` T [S\�c(` L [iv G0LVK Y e�I [Sc GJI [ Pit b t qj` T v KjT [ KjT q K � � U [ PRK � ` I � [ T�n
` T LVU�KOP ` n \]q GWPSK [S\9c~` L [Sv GJL+K Y b t(G Y K \][ I+K L ` GWPSP ` �$LVUfG0L	L+U�K \ K�e�GWIVG c KjL+KQI \	c([ nWU!L v GJI]t b t

GWT ` I Y KQI ` g c GWnoT [ L a"Y K�G q I `o\]\mY�[i� KjI+KQT�L nWKQT `oc([Rq I+Kjn [R` T \ 	 �
TdG Y�Y"[ L [S` T � LVU [R\ g ` I c a PRGJL [S` T

I+K \ LVI [Rq L \ K G q U ` g � GWT Y � L ` b KHe `o\][ L [iv K
	

� ��� 	 � � 
� � � �  	�� � 	 ���
��	 � � � � � � �-� 	 � D0FHGJILILKMFNDPORQ�S � � �-� ��� �

- !#"$!% � .�/ % 4 F /ed Q�'-% / '"Q G&' G&)�F I F+' S

� Kjg ` I]K�GWT�GWPSt |Q[ T�n L+U�K-nWKQT ` L
t8e�K Y GJLVG ` g�KQG q U ` g<LVU"K X g I [Rq GWT � X�c KjI [Sq GWT~GWT Y � � r9N e ` e �
a P GJL [R` T \O` gsLVU�KHnoKjT�K \�` g D0FHGJI�ILKMFNDPO Q S ��[ 	 K 	 e�KQI^g ` I c([ T�n(G(T�K�� GWTfGJPSt \+[S\ L+UfGJL�I+KQPRG �;K \ LVU�K

G \+\]a�c e;L [R` T L+UfGJL�U�GWe�P ` L
t;e�K \ GWI]K �!T ` � T � [ L+U `oa LOKQI]I ` I-GWT Y a�\ K \�[ T"g ` I c GJL [iv Kke�I [S` I \ ` T

� GWT Y � �*[ L I+K c G [ T \ L ` hfT Y GJe�e�I ` e�I [ GJLVK v GJP a K \ g ` I 
 � � 

�
� ��� � GJT Y �

�
	 �
TBe�I [ T qj[ e�PSK

` T�K c~[ noU�LkP [ �JK L ` L+I+KQGJL L+U�K \ K�efGJIVG c KjL+KQI \ G \ LVU�K c~\ KQP v K \ a T �!T ` � T �s` IHK \ L [Rc GJLVK LVU"K c
g I `oc LVU"K Y GJLVG 	�w)K e a I \]a K LVU [R\-[ T �7UfGWe;LVKQI � �#b�a L � g ` I \+[Rc e�P [RqQ[ L
t � �6K U�KQI]K L_G��JK G PRK \+\
e�I [ T qQ[ e�PRK Y L � ` � \ L_GJnoK GWe"e�I ` G q U �sb t a�\+[ T�n `Wa I e�I]K v8[R`Wa�\ GJTfGWPSt \][R\ L ` [ T"g ` I c�`oa IHe�I [S` I \ 	

�;e K qQ[ h q GWPSPSt � �7K a�\ K v GJP a K \�b G \ K Y ` T `oa I�I]K \+a PSL \O` g	�8K q 	 	 	�� 	 �
T L+UfGJL \ K q L [S` T � LVU�K P ` K \]\ �
qQ` I]I+K q LVK Y r X � c(`8Y KQP �7G \ GWe�e�P [ K Y L ` UfGJe�P ` L
t8e�K \ g I `oc D0FHGJI�ILKMFNDPORQ�S#LVUfGJL �6KQI]K7K \ L [Sc GJL+K Y

a�\+[ T�n(G Y"[S� KQI+KjT�L v KQI \+[R` T ` g*r9N X � � LVUfG0L Y�[RY T ` L [ T q P a�Y K � 	

w K qQ` T \+[RY KQI g `oa I Y�[i� KjI+KQT�L \ KML \(` g�e"I [R` I efGWI+G c KMLVKjI \�� P G b KQPSK Y � � � � � � U [Rq U \ e�GWT G

IVGWT�nWK ` g \]q KQT�GWI [S`o\6b G \ K Y�` T LVU�KOe�I]K v8[R`oa"\ GJTfGWPSt \][R\9` g �;K q 	 	 	�� 	sw K \ LVI]K \]\ LVU�GJL9LVU [S\	[S\ T ` L



� �

G qQ`Wc e�I]KQU�KjT \+[iv K~IVGWT�nWK ` g GWPSPse�P G a�\+[Sb PRK \]q KQT�GWI [S`o\ ` T�K c([ nWU!L b K(G b PSK L ` L+U [ T�� ` g ��b�a L
I+GJLVU"KQIsG \+c GWPRP \+a"b�\ KML&LVUfGJL*T ` T�KMLVU�KjPRK \+\&c G tHU�KjPRe L `�[Rc e�I ` v K [ T"g KQI]KQT q K 	 � U"KmefGWI+G c KMLVKjI \

` g�L+U�Kke�I [S` I \ GWI]KkG \ g ` PRP ` � \�� � [ LVU 

�
qQ` I]I+K \ e ` T Y�[ T"n(L ` e�KQI � bdv GJP a K \ �

� 	 
 ��%�� 	 zWz � ��� % z 	 � � � 
 � % �
z 	 � � � X-X � ��z 	 �Wz � � X � � � � % z 	 � z

� � 	 
 ��%�� 	 zWz � ��� % z 	 �Wz � 
 � % �
z 	 � � � X-X � ��z 	 �oy � � X � � � � % z 	 �Jz

� � � 	 
 ��% z 	 {Wz � ��� % z 	 � � � 
 � % �
z 	 � � � X-X � ��z 	 �Wz � � X � � � � % z 	 � z

� � 	 
 ��% z 	 {Wz � ��� % z 	 �Wz � 
 � % �
z 	 � � � X-X � ��z 	 �Wz � � X � � � � % z 	 �Jz

C ` I K G q U e�I [R` I �fY�[S� KQI]KQT�L v GWP a K \O` g 

�
GWI]K a"\ K Y g ` I K G q U e ` e a P GJL [R` T ` g D0FHGJI�ILKMFNDPO Q S

� X-X % X g I [Rq GWT � X�c KjI [Sq GWT \�� � X % � � r9N ��	�w KHK��;e K q L 

�
L `(b K Y�[i� KjI+KjT!L b KjL �6KQKQT L+U�K

L � ` e ` e a P GJL [R` T \ G \ G I+K \+a PiL ` g*LVU"K c UfG v8[ T�n Y�[S� KQI]KQT�L�K � K q L [Sv K e ` e a PRGJL [S` T \+[S| K \�� [ g�T ` L

Y"[S� KQI+KjT�L-G v KQIVGJnoKkIVGJL+K \ ` g q I `W\+\+` v KQI�	

�
T qj` T�LVI+G \ L �o[ T K G q U e"I [R` I �6K a�\ K6L+U�K \ G c K v GWP a K \�` g 
 � GWT Y ���mg ` I b�` L+U e ` e a PRGJL [S` T \ 	

u T�P [ �WK � � LVU�K efGWIVG c KMLVKQI � [R\ T ` L \]q GWPSK Y b t K � K q L [iv K e ` e a PRGJL [S` T \][R| K � GWT Y LVU�KjI+K [S\ T `
\ LVI ` T�n I+KQG \+` T G $�'+% / '-%�L ` \]a�\ e�K q L � � [ PRP Y�[i� KjI*noI]K GJL+PSt b KML �7KjKQT LVU�KmL � ` e ` e a P GJL [R` T \ 	 X-\

`Wa I c(`;Y KQP \ U ` � \sqj` T \+[SY KQI+G b PSK c(` I+K qQ` T"h Y KQT q K [ T [ L \ K \ L [Rc GJL+K \*` g � g ` I�LVU"KmnoKQT"K \s` gfL+U�K

X g I [Sq GWT � X-c KQI [Rq GJT e ` e a P GJL [R` T L+UfGWT g ` IkL+U�K � a I ` e�K GWT)e ` e a P GJL [R` T � �7K a�\ K(LVU�K(I+K \+a PiL \

g ` I LVU�K X g I [Rq GJT � X�c KjI [Rq GWT Y GJLVG$L ` n a�[RY K `oa I q U `o[Rq K ` g 
 �xGJT Y ��� 	 � U�K [ T q I]K G \ K Y

e"I+K qj[R\][R` TBg ` I L+U�K X g I [Sq GWT � X-c KQI [Rq GWT Y GJLVG [S\ T ` L \]a I+e�I [R\][ T�n=G \ LVU"K \ K Y GJLVG UfG v K c~` I]K

� � r \ qQ`oc efGWI]K Y L ` LVU�K � � r9N Y GJL_G 	

w K GJP \+` G $�'-% / '-% Y"` T ` L�T"K q K \+\ GWI [ PStdK��;e�K q L�L+U�K v GWI [ GJL [R` T [ T � L `(Y�[i� KjI G q I `o\+\ e ` e �
a P GJL [R` T \ 	 � U�KjI+KMg ` I+K �6K a�\ K-LVU"K \ G c K �

�
v GWP a K g ` I6KQG q U�e ` e a PRGJL [S` T�G \ �6KQPRP � GJn�G [ T a�\+[ T�n

L+U�K X g I [Rq GJT � X�c KjI [Rq GWT e ` e a PRGJL [S` T L ` n a"[RY K `oa I q U `o[Rq K \ 	

� U�K I+K c G [ T Y KQI ` g&L+U [R\O\ K q L [S` T e�I ` v;[SY K \-[ T \][ noU�L [ T�L `~`oa I q U `o[Rq K ` g&L+U�K \ K efGWI^L [Rqja P GJI

v GWP a K \ g ` I e�I [S` I \ � � � � 	



� �

� U"K efGJIVG c KjL+KQI \ ` g e�I [S` I ��GWI]K b G \ K Y ` T LVU�K c K Y�[ GJT \ GWT Y \ L_GWT Y GWI Y Y K v8[ GJL [S` T \

` gOP ` n  #" �� GWT Y P ` n  #" �� G q I `o\+\ noKjT�K \ � [ LVU \]c GWPSP � � qj` T"h Y KjT q K I+Kjn [R` T \�� �)G \ Y Kjh�T�K Y�[ T

�;K q 	 	 	�� 	 y 	 � G b PSK \ � 	 �-GWT Y � 	 y \ U ` � L+U�K v GJP a K \ g ` I �dGWT Y�� � I+K \ e�K q L [Sv KQPSt �;`Wb L_G [ T�K Y(a�\][ T�n

Y�[S� KQI]KQT�L Y KMhfT [ L [R` T \*` g � \]c GJPRP 	�� C ` I � �7K KjT Y K Y a e a"\+[ T"nkGWPRP!LVU�K7noKQT�K \32 LVU"K \ K v GWP a K \ GWI+K

U [ noU"P [ nWU!L+K Y [ T~I+K Y�[ T � G b PRK � 	 y 	 C ` I � � � U [Rq U [S\6Y"[ I+K q L+PSt(G � K q LVK Y�b t(K \ L [Sc G0LVK \	` g � � �7K
KQT Y K Y a e � \+`oc K�� U�GJL GWI b�[ L+IVGWI [ Pit �	P `8` � [ T�n ` T�Pit GJLOLVU�K � � � ` g&nWKQT�K \ � [ L+U LVU"K \+c GWPSPRK \ L

� � qQ` T;h Y KQT q K-I]KQn [S` T \ � [ T LVU"K X g I [Rq GWT � X-c KQI [Sq GWT Y G0L_G 	 � U"K \ K v GJP a K \ GWI]K�U [ noU�P [ noU�L+K Y [ T
I+K Y [ T � G b PSK � 	 � 	

� G b PRK � 	 �W�*� a�c~c GWI^t \ L_G0L [R\ L [SqQ\ g ` I*P ` n  #" �� [ T/D0FHGJILI�KMFNDPO Q�S � K \ L [Rc GJL+K Y a"\+[ T"n�r X � � �7UfGWe �
LVKQI 	 � � g ` I v GWI [S`oa�\ PRKjT�nWLVU \7` g � � qj` T"h Y KQT q K�I+Kjn [R` T 	 � � U�K � qQa L � `W� � I+KMg KQI \ L ` LVU�K�PRKQT"nWLVU
` g<LVU�K qj` T"h Y KQT q K I+KQn [R` T ` T LVU�K P ` n! #" \+q GWPRK � K 	 n 	 qja L � `W� % � qQ` I]I+K \ e ` T Y�\ L ` G g G q L ` I ` g
� z Y�[S� KQI]KQT q K b KjL �6KQKjT LVU"K a e�e KjIOGWT Y P ` �6KQI b `Wa T Y�\ ` g LVU�K [ T!L+KQI v GJP ��	

X g � X-c KQI � � r9N
qQa L � `W� � noKjT�K \ c K Y�[ GWT c KQGWT \ L Y Y K v � noKQT�K \ c K Y�[ GWT c K GWT \ L Y Y K v
� � zoz z 	 �W{ z 	 �W{ � 	 � � � zoz z 	 � { z 	�� � � 	�� �
	 	 z ��� z 	 �W{ z 	 ��� � 	 � � � y z 	 � { z 	�� 	 � 	�� 	
y 	 � � � z 	 � 	 � 	 zoz � 	 z � ��� z 	 � z z 	�� � � 	 {oz
y 	 z { � z 	 � 	 � 	 � � z 	 � { 	 � � 	 z � � 	 z � � 	 � �
� 	 � {�y z 	 � 	 � 	 ��� z 	 � � yoy � 	 � � � 	 � � � 	 z 	
� 	 z � 	 � 	 zoz � 	 	 { z 	 � � ��� � 	 ��� � 	 ��� � 	 zo{
z 	 � � � � 	 z � � 	 yoy z 	 � � � � � 	 { � � 	 � { � 	 z�y
z 	 � 	 � � 	 z � � 	 y � z 	 � { � y 	 yW{ y 	 � � z 	 � �
z 	 { y � � 	 z�� � 	 y � z 	 ��� 	 y 	 	 y y 	�� z z 	 � �
z 	 � � 	 � 	 z�� � 	 	 y z 	 ��� z 	 � 	 	 	 � 	 	 	 � �

C ` I9e�I [R` I � � � �6K a"\ K�L+U�K \ G c K ` I \][Rc([ P GJI v GWP a K \6` g 
 ��GJT Y 

�
G \6[ T�e�I [R` I � 	8N ` �6K v KQI �

�7K a�\ K G \+c GWPRPSKQI v GWP a Kkg ` I K G q U ` g ��� GWT Y �
�
� KQl a GWP<L ` z 	 � g ` I b ` L+U 	 � U�K a�\ K ` g*LVU"K \ K

GWPSL+KQI+T�GJL [iv K ���OGWT Y �
�
[S\sb G \ K Y(` T LVU"K g G q LsL+UfGJL&LVU"K \ L_GJT Y GWI Y(Y K v8[ GJL [R` T ` g�L+U�K K \ L [Rc GJL+K \

G b ` v K c G t ` v KjI+K \ L [Sc G0LVK v GWI [ G b�[ P [ L
t [ T L+U�K LVI a K v GJP a K \ 	

�
T��8K q 	 	 	�� � �7K�T ` LVK L+UfGJL `oa I c~`8Y KjP [S\ c~` I+K qj` T"h Y KQT�L [ T [ L \ K \ L [Rc GJL [S` T ` gOnoKjT�K \

� [ LVU PRGWI+nWK �� 	 � U�KjI+KMg ` I+K � ` T�K `ob�v8[R`oa�\ e�I `ob PRK c � [ L+U b ` L+U e�I [S` I �OGWT Y e�I [R` I � � [R\ L+UfGJL



�J{

� G b PSK � 	 y �*� a�c(c GJI]t \ LVGJL [S\ L [RqQ\ g ` I*P ` n  #" ��k[ T/D0FHGJILILKMFNDPORQ�S � K \ L [Sc G0LVK Y a�\+[ T�nkr X � � �7U�GWe �
L+KQI 	 � � g ` I v GJI [R`Wa�\ PSKQT�nJLVU \	` g � � qj` T"h Y KjT q K-I+KQn [R` T 	�� � U�K � qQa L � `W� � I+KMg KQI \ L ` L+U�K-PSKQT�nJLVU
` g�L+U�K qQ` T"h Y KQT q K I]KQn [S` T ` T�LVU�KkP ` n! #" \]q GWPSK 	

X g � X�c KjI � � r9N
qja L � `W� � noKjT�K \ c K Y�[ GWT c K GJT \ L Y Y K v � noKjT�K \ c K Y�[ GJT c K GWT \ L Y Y K v
� � zWz ��z 	 � { �
z 	 	 � z 	 � z � zoz �
z 	 {o{ ��z 	 � { z 	 � �
	 	 z � � ��z 	 � � �
z 	 	 � z 	 � � � y �
z 	 �Wz ��z 	 � � z 	 � �
y 	 � ��� ��z 	 � { �
z 	 	 � z 	 � z ��� �
z 	 � � ��z 	 ��� z 	 � �
y 	 z {�� ��z 	 � � �
z 	 	 { z 	 � y 	 � �
z 	 {o{ ��z 	 ��� z 	 ���
� 	 � {oy ��z 	 � � �
z 	 	 { z 	 � y yoy �
z 	 �oy � � 	 zoz z 	 � �
� 	 z � 	 ��z 	 � � �
z 	 	 � z 	 ��� ��� �
z 	 � � � � 	 z 	 � 	 zWz
z 	 � � � ��z 	 � � �
z 	 	�	 z 	 � 	 � � �
z 	 � � � � 	 � � z 	 � �
z 	 � 	 � ��z 	 z�y �
z 	 y � z 	 � { � � � 	 	 � � � 	 	 	 z 	 � {
z 	 { y � ��z 	 z � �
z 	 y�� z 	 � � 	 � � 	�� � � � 	 �Wz z 	 � �
z 	 � � 	 ��z 	 zo{ �
z 	 y � z 	 ��� z 	 � ��y 	�� z �^y 	�� z �

`Wa I q U `o[Rq K ` g 
 � c G t b K b�[ G \ K Y a e �7GWI Y�\-b K q G a�\ K [ LOP [ �WKjPSt qj` T \+[S\ L \ e�I [Rc GWI [ PSt ` g&noKjT�K \
� [ LVU P GWI]noK �� 	 � U�KQI]Kjg ` I]K � g ` IOe�I [R` I \ � � � GWT Y � � � �6K a�\ K `oa I-e�I ` hfPRK � P [ �WKjP [ U `;`8Y K \ L [Sc GJL+K
` g�� G \ GWT GWPiLVKjI+TfGJL [Sv K q U `o[Sq K ` g 
 � � G \ L+U [R\ K \ L [Sc G0LVK ` g � qQ`oc b�[ T�K \ [ T"g ` I c GJL [S` T [ TdL+U�K

P [ �JKQP [ U `8`;Y�\9` g \ K v KjIVGWP<nWKQT�K \ 	&w)K�g `oa T Y L+UfGJLmL+U�K e�I ` hfPRK�P [ �JKQP [ U `8`;Y"\6` g ` T�PSt�G g K��3noKjT�K \

\]a�b�\ L_GWT�L [ GWPRPit G � K q LVK Y LVU�K~e�I ` hfPRK � P [ �WKjP [ U `;`8Y K \ L [Sc GJL+K ` g �Bg ` IHGWPRP&noKjT�K \ 2 LVU�KjI+Kjg ` I+K �7K

b G \ K `oa I 
 � ` T L+U�Kke�I ` hfPRK P [ �WKjP [ U `;`8Y�\	` g noKQT"K \ � U `o\ K �� �6KQI+K [ T LVU�K c([RY�Y PSK � z � ` g�GWPSP

L+U�K noKjT�K \ � \ KjK(�;K q 	 	 	 � ��	 X PSP ` LVU�KjI�efGWI+G c KMLVKjI q U `o[Sq K \�` g9e�I [R` I � � ��GJT Y e�I [R` I � � c G0L q U

` I GWI+K \+[Sc~[ P GWI9L ` L+U `o\ K ` g�e�I [R` I �7GWT Y e�I [S` I � � � I+K \ e K q L [Sv KjPSt 	

w K6I]K [ LVKQI+GJLVK9LVU�GJL �6K Y"` T ` L�K��;e�K q L&GWT�t ` g"L+U�K6G b ` v K7e�I [R` I \ L `�b K � qQ` I]I+K q L � ` I � c~`o\ L
GJe�e�I ` e�I [ GJLVK � b�a L�IVGJL+U�KQI�U ` e K L ` a�\ K LVU�K c g ` I qQ`Wc efGJI [R\]` T GJT Y G \�\ L_GWI^L [ T"n e `W[ T�L \ g ` I

c(` I]K \+` e�U [R\ L [Rq GJLVK Y [ T"g KQI]KQT q K 	

- !#"$!#" � ,�GJK '�S+%MS /ed D0FHGJI�ILKMFNDPORQ�S �0S+%(, 0 'RF+, / I ' $5F � GJI�G

w K GWe"e�P [ K Y L+U�K�I]K v8[R\ K Y r9N X � � L ` noKQT�K \ g I `Wc L+U�K X g I [Rq GWT � X�c KjI [Sq GWT~GWT Y � � r9N e ` e �
a P GJL [R` T \H\ KjefGWI+GJLVKjPSt �*a�\+[ T�n LVU"K noKQT ` L
t8e K \ ` g y � [ T Y�[Sv8[SY�a GWP \H[ T)LVU"K�g ` I c KQIHe ` e a PRGJL [S` T



���

GWT Y L+U�K�noKjT ` L
t8e K \m` g y 	 [ T Y�[iv8[RY�a GJP \9[ T(LVU�K�PRGJL+L+KQI�	 C ` I6KQG q U�e ` e a PRGJL [S` T � �7K qQ` T \][RY KjI+K Y
` T�PSt b�[ GWPRPSKQP [Sq � � r \ GWT Y I+K c~` v K Y S+%(, 0 KMF I / , S �"[ 	 K
		� � r \ � [ L+U ` T�PSt ` T�K qj` e�t ` g LVU�K I+GWI+K
GWPRPSKQPRKOG q I `o\]\ GWPSP � [ T Y�[iv8[RY�a GJP \9` g<LVU"K�e ` e a P G0L [R` T [ noT ` I [ T�n c~[S\+\][ T�n Y GJL_G 	sw)K qQ` T \][RY KjI+K Y

` T�PSt�noKQT"K \ � [ LVU GJLOPRKQG \ L yJz � � r \ I]K c G [ T [ T�n GJg L+KQImLVU [R\ \ L+KQe 2 LVU [R\ PRKMg L yWz � noKQT"K \O[ TdLVU�K
X g I [Sq GWT � X-c KQI [Rq GWT Y GJL_G \ KjLmGWT Y � � 	 noKjT�K \ [ T~LVU"K � � r9N Y GJL_G \ KjL �"`oa L ` g�GJT ` I [ n [ T�GWP yoy �
noKQT�K \ GJL LVU�K L [Sc K�LVU�K Y GJLVG �7KjI+K Y�` � T�P ` G Y K Y 	

w K IVGWT L+U [R\ Y G0L_G LVU�I `oa noU L+U�K I+K v8[S\ K Y r9N X � � Y K \]q I [Rb K Y=[ T �;K q 	 � 	 � 	 � ��a�\][ T�ndK G q U
` g7L+U�K e�I [S` I \ � � � � Y K \+q I [Rb K Y [ T �;K q 	 � 	 � 	 y 	�w K a�\ K Y 
 � GJT Y�


�
G \ LVU�K \ LVGWI]L [ T�n v GWP a K \

[ T LVU�K 
 � 
 � q UfG [ T g ` I P ` n  #" �BGWT Y P ` n  #" � � I]K \ e�K q L [iv KQPit � g ` I K G q U)noKjT�K 	 w K(I+GWT LVU�K

q UfG [ T g ` I7LVU�K T a�c b KjI ` g I a T \ L+U�Kkr9N X � � G a L+U ` I \ I+K qQ`oc(c KjT Y g ` ImI]K qQ`Wc b�[ T�GJL [S` T�I+GJLVK

K \ L [Rc GJL [S` T �![ 	 K 	 � z L [Sc K \ LVU"K Y Kjg G a PSL \ KjL]L [ T�n \ 	sw K \ e�K qj[ hfK Y�c a LVGJL [S` T IVG0LVK
�� % z 	 zozozoy �

GWT Y G L+IVG q L PRKjT�nWLVU ` g � zoz b e�g ` I noKQT"K qj` T v KQI \+[S` T K v KjT!L \�� G \ [ T �7UfGWe;LVKQI \ y GWT Y 	 	
� K q KQT�LHGWTfGJPSt \ K \�` g	P [ T �0GWnoK Y�[R\ KQl a�[ P [Rb I [Ra�cDY GJL_G \+a nonWK \ L q I `o\]\+` v KjIkU ` L \ e ` L \�` g � � �

y � b [ T~PRKQT"nWLVU�GWI+K�G qQ`Wc~c(` T g K GJL a I+K ` g LVU"K-noKjT `oc K � e KjI+UfGWe \7`8qQqQa I [ T"n G \ g I+KQl a KjT�LVPSt�G \
` T�K K v KQI^t 	 z����Wz � b � � G a e�e [ KMLkGWP 	 � yWzWz � � � C K GWI]T�U�K G Y GJT Y � c([ LVU�� yWzoz � � � 
 toKjI \ KjLkGWP 	
� yWzoz � � ��	$FkKjT�K \ [ T `Wa IED0FHGJI�ILKMFNDPO Q S Y GJLVG \ KML�GJI+K �	` T�G v KjIVGWnoK � � y ��� b�[ T$PRKjT�nWLVU 	xw)K

LVU�KjI+Kjg ` I+K�GWPSP ` � g ` I G c G � [Rc a�c�` g ` T�K I]K qQ`Wc b�[ T�GJL [S` T U ` L \ e ` L e KjI noKQT"K �&[ T � U [Rq U �

I+K c G [ T \kqQ` T \ L_GWT�L GJT Y KQl a�[iv GWPRKjT!LHL ` I+KQn [R` T \H`oa L \+[SY K~L+U�K�U ` L \ e ` L�	 � U a�\ GJT!t=U ` L \ e ` L

[R\ G \+\]a�c K Y L `~b K G�U ` L \ e ` L-g ` IOnoKjT�K qQ` T v KQI \+[R` T G \ �6KQPSP � � U [Rq U �7G \ L+U�K q G \ K � [ LVU LVU�K

c G B]` I [ L
t ` g�U ` L \ e ` L \ K��"G c~[ T�K Yxv8[ G \ e�KQI c GWTfGWPit \][R\ [ T � K � I+KMt \ GWT Y 
 G t � yWzoz � � GWT Y
� K � I+Kjt \ GWT Y � K a�c GWT�T � yWzWz�� ��	 � U�K e�I [R` I [ T r9N X � � G \+\]a�c K \ U ` L \ e ` L \~`8qQqja I~G \ G

r `o[S\+\+` T e�I `8q K \+\k` g ` T�K K v KjI]t � z � b GJT Y UfG v K G c([ T [Sc a�c PRKjT�nWL+U ` g yWzoz b e � � [ L+U P ` n  #"

` gmLVU"K U ` L \ e ` L [ T!L+KQT \][ L
t Y�[S\ LVI [Rb�a LVK Y G \ G u T [ g ` I c � z � 	 ��	 � U [S\ GWPSP ` � \ g ` I U ` L \ e ` L \ G \

[ T�LVKjT \ KHG \ � zozWz L [Rc K \ L+U�K b G q �!noI `oa T Y IVGJL+K [ T G I+KQn [R` T 	

� G&'+%LG�"3% K % I ' %(,��

w U�KQT �6K qj` T \][RY KjI �� � LVU�K r X � 
 � � K \ L [Sc G0LVK ` g � � e KjI~noKjT�K � �7K \ KQK qQ` T \+[RY KQIVG b PRK

v GJI [ G b�[ P [ L
t [ TdK \ L [Sc GJL+K \ G q I `o\]\ L+U�KHnoKQT `Wc K
	7N ` �6K v KQI � [ L [R\ Y�[A@(qja PSL L `~Y KMLVKjI c([ T�K�g I `oc



� �

L+U�K r X � K \ L [Rc GJL+K \ GWP ` T"K � U�KMLVU�KjI�L+U�K v GWI [ G b�[ P [ L
t [ T �� [S\ e"I [Rc GWI [ PSt(LVU"K I+K \+a PiL ` g*T `o[S\ K

[ T K \ L [Sc GJL [R` T ` I [ gsLVU�KjI+K [S\�[ T Y KQK Y \][ noT�GWP [ T LVU"K Y GJL_G�L+UfGJL � v GJI [ K \�qQ` T \+[SY KQI+G b PSt 	 C ` I

c GWT�t=noKQT"K \�� L+U�K�P [ �WKjP [ U `;`8Y ` g � c G t b K I]KQP G0L [Sv KQPit � GJL �*\+` LVU�GJL L+U�KQI]K c G t b K \+c GWPRP
Y"[S� KQI+KjT q K \ [ TxP [ �JKQP [ U `8`;Y v GWP a K \ b KjL �6KQKQT v KjI]t)P GWI]noK�� GWT Yxv KQI^t \]c GWPSP � 	 � U [R\ K � K q L

q GWT b K \ KjKQT [ T�L+U�K G b�a T Y GJT q K ` g v KQI]t � [SY K � � qQ` T"h Y KQT q K I]KQn [S` T \ � g ` I c(`o\ L(noKjT�K \
� \ KjK � G b PRK � 	 � ��	 � U�K a�\ K ` g6G�e�I [S` I�g ` I [ T"g KjI+KjT q K U ` e KMg a PRPit \+`oc K�� UfG0L KQP [Rc([ TfGJL+K \ LVU [S\
e"I `ob PSK c��9b t \ U�I [ T � [ T"n=L+U�K�� K \ L [Rc GJLVK \ ` g�noKjT�K \ � [ LVU � GJL P [ �WKjP [ U `;`8Y�\ L ` �mGWI Y�\(c~` I]K
��L
t;e [Rq GJP � v GWP a K \ 	

�
T C [ n 	�� 	 ���7K e"P ` L�U [R\ L ` noI+G c(\~` gkP ` n! #"&� K \ L [Sc GJL+K \ G q I `W\+\ noKjT�K \ g I `oc r X ��GWT Y

g I `oc r9N X � � g ` I KQG q U ` g�e�I [R` I \ � � � � � g ` I K G q U�e ` e a P GJL [R` T ` g D0FHGJILI�KMFNDPO Q�S�	 C ` I L+U�K

r X �DI+K \+a PiL \�� �6K hfT Y LVU�K 
 � � ` g�� ` v KQI G noI [SY�` g v GJP a K \ g ` I(K G q U noKQT�K a�\+[ T�n L+U�K

c(`8Y KQP7GWT Y noI [SYxY K \+q I [Rb K Y�[ T��;K q 	 	 	�� 	 C ` I L+U�K r9N X � � I+K \+a PiL \�� �6K�L_G��JK LVU�K c K Y�[ GWT
` g � zozoz e `o\ L+KQI [R` I \ G c e�PRK \ G \�`oa I �xK \ L [Rc GJLVK e KjI noKQT"K 	 � ` L+K LVUfGJL-LVU�K U [S\ L ` noIVG c~\ g ` I
r9N X � � GWI]K c(` I+K e KQG��WK Y LVUfGJT r X � � e�I+K \+a�c G b Pit$g I `oc a�\ K ` gkG=e�I [S` I L ` KjP [Sc~[ TfGJLVK

T `o[R\ K 	 � U [S\�\+a nWnoK \ L \ LVU�GJL K��8L+I+K c K��)K \ L [Sc G0LVK \�[ T r X � [ T Y KjK Y GWe�e�K GJI-L `�b K c G � [Rc G

` g�� G0L P [ �JKQP [ U `8`;Y"\ IVG0LVU�KjImLVUfGWT \ LVI ` T�n \][ noT�GWP [ T L+U�K Y GJLVG L ` �mGWI Y�\ P GWI]noK ` I \]c GWPSP � 	sw K
K��;e K q LkLVU [S\�b KQT�KMh qQ[ GWPsK � K q L ` g	T `o[S\ K I]K Y�a�q L [S` T g I `oc LVU�K a"\ K ` g `oa I�e"I [R` I \�� LVU `oa noU=GJL

L+U�KkK��;e�KQT \ K ` g \+`oc K Y KjnoI+KjK ` g b�[ G \ 	

X PRP	U [R\ L ` noI+G c(\ \ U ` � qj` T \+[SY KQI+G b PSK v GWI [ G b�[ P [ L
t [ TxK \ L [Sc G0LVK Y P ` n! #"$� � GJPSLVU `oa noU [ L [S\

Y"[A@(qQa PiL&L ` �!T ` � � U�KMLVU�KjI	L+U [R\ I]K �fK q L \	qQ` T!L [ T a�`oa"\ T `W[R\ K [ T K \ L [Rc GJLVK \9` I&noKQT a�[ T�K b�[R` P ` n �
[Sq GWP v GWI [ G b"[ P [ L
t � GkL ` e [Rq �6K-I]K v8[R\][ L [ T LVU�KOT�K��;L q UfGWe"L+KQI�	 � U�K-PSK v KjP ` g v GWI [ G b�[ P [ L
t Y Kje KjT Y�\

` T LVU"Kme�I [S` I � � [ L+U e�I [R` I \ � ��GWT Y � � � � U [Rq U a�\ KmG \]c GWPSPRKjI ���7L+UfGWT e"I [R` I \ ��GWT Y � � � � UfG v;[ T�n

L+U�K \ U ` I^LVK \ LmI+GWT�noK ` g v GWP a K \ 	 
 K Y�[ GWT v GWP a K \	` g � G c~` T�n L+U�K�g `oa I7r9N X � � e�I [S` I \ IVGJT�noK

g I `oc � � � � � e�KQI]UfGWe \H\ P [ noU�LVPit P ` �6KQIkLVU�GWT=L+U�K(IVGWT�nWK ` g�� 	 � � [ T r X � 	*� a I+e"I [R\][ T�nWPSt L+U�K

c K Y"[ GWT \ g ` I-L+U�K r9N X � � I]K \+a PSL \ ` g \+`oc K e�I [R` I \ GWI+K b KjP ` �ZLVUfG0L ` g b ` LVU r X �@GWT Y L+U�K

e"I [R` I 2 �6K qQa I]I+KQT�L+PSt�UfG v K T ` K��;e�PRGWTfGJL [R` T g ` ImLVU [S\ I+K \]a PSL�	

w U [ PRK [ L [R\ LVK c e"L [ T�n L ` [ T�LVKQI]e�I+KML L+U�K r9N X � � I]K \]a PSL \ G \ c~` I]K�G qQqQa IVGJL+K noKQT `oc K �
� [SY K�I]KQe�I]K \ KjT�L_GJL [R` T \ ` g�� LVU�GWT�LVU�Kkr X � ` T"K \��f[ L [R\ hfI \ L T�K q K \+\ GWI]t�L ` K��;e�P ` I+K � UfG0L �7K



� �

Af−Amer  (PAC)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3 4

0
.0

1
.0

CEPH  (PAC)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3

0
.0

1
.0

Af−Amer  (prior I)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3 4

0
.0

1
.0

CEPH  (prior I)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3

0
.0

1
.0

Af−Amer  (prior II)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3 4

0
.0

1
.0

CEPH  (prior II)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3

0
.0

1
.0

Af−Amer  (prior III)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3 4

0
.0

1
.0

CEPH  (prior III)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3

0
.0

1
.0

Af−Amer  (prior IV)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3 4

0
.0

1
.0

CEPH  (prior IV)

estimated log10(f)

D
e

n
si

ty

−2 −1 0 1 2 3

0
.0

1
.0

C [ n a I+K�� 	 �o�sN [R\ L ` noI+G c(\&` g P ` n! #"$�dK \ L [Rc GJLVK \ G q I `W\+\ GWPRP�nWKQT�K \�� g ` I9L+U�K X g I [Rq GJT � X�c KjI [Rq GWT
� PRKMg L � GWT Y � � r9N � I [ noU�L � Y GJLVG ` g D0FHGJILILKMFNDPORQ�S�	 � U�K K \ L [Sc G0LVK \ �6KQI+K `ob L_G [ T�K Y a�\][ T�n
LVU�K r X � c~`8Y KjP�� L ` e
��GWT Y r9N X � � � I ` � \ y � � �#qQ` I]I+K \ e ` T Y�[ T"ndL `da�\ K ` g6e�I [S` I \ � � � � [ T
r	N X � � � I+K \ e�K q L [Sv KQPit ��	 � U�K Y G \ U�K Y v KQI]L [Rq GWP9P [ T"K \k[ T=K G q U e�P ` L I]KQe�I]K \ KQT�L L+U�K c K Y"[ GWT
G q I `o\+\ K \ L [Sc GJL+K \ 	 � ` L+K�LVUfGJL L+U�K U [S\ L ` noIVG c ` g*r X �3K \ L [Rc GJLVK \ UfG \ U�KQG v8[ KQI L_GWPSK \�� � U [Rq U
c G t b KHG I+K ��K q L [R` T ` g�T `o[S\ K � � U [Rq U [R\ KQP [Rc([ TfG0LVK Y(v8[ G a�\ K ` g*GWT�t ` g LVU�Kke�I [R` I \ 	



� z

c([ nWU!L b K�noG [ T [ T�n b t a"\+[ T"n r9N X � � 	 � U�KjI+K GWI]KOL � ` c G [ T(G \ e K q L \m` g�r9N X � � LVUfG0L \ KjL [ L

GJefGWI]L�g I `oc LVU"K r X � c~`8Y KjP 	 } T�K [R\ LVUfG0L9r9N X � � a�\ K \ e�I [R` I [ T"g ` I c G0L [R` T 	 C I `oc C [ n 	 � 	 � �
[ L GWe"e KQGWI \ LVU"K b KjT�Kjh�L ` g Y"`o[ T�n \]` [R\ L+U�K KQP [Rc([ TfGJL [R` T ` g \+`Wc K T `W[R\ K [ T�K \ L [Sc GJL [R` T 	 � U�K

\ K qj` T Yx[S\ L+UfGJL r9N X � � a"\ K \ noKQT ` L
t8e K [ T"g ` I c G0L [R` T IVGJL+U�KQIkLVUfGJTxG \]\+a�c([ T�n UfGWe"P ` L
t8e�K \

GJI+K �!T ` � T qj` I+I]K q L+PSt 	3w K a�\ K \+[Sc a P G0L [R` T \ L ` K��;e�P ` I]K L+U�K K � K q L ` g-LVU [S\�[ T�LVU�K T�K��8L

\ K q L [R` T 	

� ��� �  �� � 
 � �  	�� �

X PRP \+[Sc a PRGJL [S` T \ [ T L+U [R\�\ K q L [S` T qj` T�L_G [ T�K Y yWz ��noKjT�K \ c GJL q U"K Y L ` LVU�K \ KQl a KjT q K PSKQT�nWL+U \
GJT Y � � r)T a�c b KQI \9` g#L+U `o\ K [ T L+U�K X g I [Rq GJT � X�c KjI [Rq GWTED0FHGJILI�KMFNDPO Q�S Y G0L_G \ KjL ` g#L+U [R\&q U�GWe �
L+KQI�	 � G q U noKjT�KHUfG Y y � [ T Y�[Sv8[SY�a GWP \�� GWP \+` c GJL q U [ T�n LVU�K X g I [Rq GJT � X�c KjI [Rq GWT \ 	 � ` g a I]LVU"KQI
c GJL q U `oa I `ob�\ KQI v K Y Y GJLVG � G�P GWI]noKHT a"c b KjI ` g9� � r \ �7G \ noKjT�KQI+GJLVK Y g ` IOK G q U noKjT�K � \+[ T �
nWPRKjL ` T~� � r \ �6KQI+KOI+K c~` v K Y � GWT Y � � r \ �7KjI+KOIVGWT Y�`oc PSt q U `o\ KjT~g I `oc LVU"KOI]K c G [ T [ T�n \][ L+K \

a T!L [ POLVU�K=� � r T a�c b KQI ` gHL+U�K \+[Sc a PRGJLVK Y noKQT"K KQl a GWPSK Y LVUfG0L ` gkLVU�K I]K GWP-noKQT�K b K [ T�n

c GJL q U�K Y 	Hw)K I+GWT K G q U \][Rc a PRGJLVK Y Y GJLVG \ KML LVU�I `oa noU=r9N X � � a"\+[ T"n KQG q U ` g	e�I [S` I \ � � � �
� [ LVUdLVU�K X g I [Rq GWT � X�c KjI [Sq GWT v GWP a K ` g 
 � 	 � U�Kjt �6KQI+K I a T [ T r9N X � � [ TdLVU�K \ G c K c GWT �
T"KQI G \-Y K \]q I [Sb K Y [ T �;K q 	�� 	 y 	 y � � [ L+U ` T�K K�� q KQe;L [R` T ��L ` Y K q I+KQG \ K qQ`Wc e a L_GJL [R` T L [Rc K � GWPSP
\][Rc a P GJL [R` T \ U�G Y T ` p � � U ` L \ e ` L \�� GJT Y r9N X � � �7G \ I a T�G \+\+a"c~[ T�n L+U [R\ L ` b KOLVU�K q G \ K 	

� U"K K � K q L ` g U ` L \ e ` L \ [ T \][Rc a PRGJL [S` T \ � [ PSP b K K��;e�P ` I]K YB[ T �7UfGWe"L+KQI � 	 � U�K K��"e�K q LVK Y

L+IVG q L-PSKQT�nJLVU ` g9G~noKjT�K qj` T v KQI \+[S` T K v KQT�L [ TdLVU"K \+[Sc a PRGJL [S` T \ �mG \ � zoz b e 2 LVU [S\Ov GWP a K �7G \
h �"K Y G \ LVU�K L+IVG q LkPRKjT�nWLVU [ T `oa I c(`8Y KQP 	 X�\ b KMg ` I+K �<\+[Sc a P G0L [R` T \ �6KQI]K noKQT�KjIVGJL+K Y=a�\+[ T�n

� ��� N a�Y�\]` T � yWzozoy ��	
w K \][Rc a P GJL+K Y a�\][ T�nkLVU�I]KQK Y�[R\ L [ T q L \ KjL \	` g LVI a K v GWP a K \�� � U [Rq U��7KOP G b KQP � X � � � � � � GWT Y

� ����	 C ` I \+[Sc a P G0L [R` T � X � � K G q U noKjT�K � �7G \ \+[Sc a PRGJLVK Y � [ L+U � % y 	 z GWT Y � % �� � � � U�KjI+K

�� � KQl a GJP \ LVU�K c K Y�[ GJT ` g � zozoz e `o\ L+KQI [S` I \ G c e�PSK \H` g � g I `oc r9N X � � g ` IknoKQT�K ��[ T=L+U�K

X g I [Sq GWT � X-c KQI [Rq GJT,D0FHGJI�ILKMFNDPORQ�S Y GJL_G \ KjL a�\+[ T�n�e"I [R` I � 	 C ` I \][Rc a PRGJL [S` T � � � � K G q U noKQT�K �
�7G \m\][Rc a P GJL+K Y � [ LVU
� % y 	 z GJT Y � %��� � � � U�KjI+K��� � Kjl a GWP \ LVU�K c K Y"[ GWT ` g � zozoz e `W\ LVKjI [S` I
\ G c e�PRK \ ` g � g I `oc r9N X � � g ` I noKjT�K ��[ T=LVU�K X g I [Sq GWT � X-c KQI [Rq GWT D0FHGJI�ILKMFNDPORQ�S Y G0L_G \ KjL



���

a�\+[ T�n~e"I [R` I � 	 C ` I \][Rc a P GJL [R` T � ��� � K G q U noKQT"K � �mG \-\+[Sc a PRGJLVK Y � [ LVU � % �� � GJT Y � % ���� �
� U�KQI]K �([S\ IVGJT Y�`oc PSt q U `o\ KQTdg I `oc L+U�K yWz � nWKQT�K \ ` g�LVU�K X g I [Sq GWT � X-c KQI [Rq GJT D0FHGJILI�KMFNDPO Q�S

Y GJL_G \ KjL � � [ LVU�KQG q U�noKjT�K a�\ K Y�` T"PSt ` T q K 	 � U�K � ` g � X �	GJT Y � � � c GJL q U�K \ LVU"K c K Y�[ GWT ` g
r	N X � � K \ L [Rc GJLVK \ g ` I"D0FHGJI�ILKMFNDPO Q S a�\][ T�n e�I [R` I � � \ KjK C [ n 	 � 	 � ��	

w K q U `o\ KHL+U�K \ K \+[Rc a P GJL [R` T~efGWI+G c KMLVKjI \ e�I [Rc GWI [ PSt L ` K��"G c~[ T�K-L � ` L+U [ T"n \ 	 � U�K hfI \ L

[R\ L ` K��;e�P ` I+K�e�I ` e KjI]L [ K \m` g `oa I c(`8Y KQP � \ K \ L [Rc GJL [R` T(g ` I7I]K qQ`Wc b�[ T�GJL [S` T~I+GJLVK \ LVU�GJL c GJL q U

`oa I [ T"g KjI+I]K Y ` T�K \ 	 � U [R\ [ T q P a�Y K \�� g ` I K��"G c e"PRK � U ` � G qQqja IVG q t [ T3K \ L [Rc GJL [ T�nBLVU"K \ K

I+K qj`oc b�[ TfGJL [R` T I+GJLVK \ GWI]K�G � K q LVK Y)b t a�\+[ T�n noKQT ` L
t;e�K [ T"g ` I c GJL [R` T IVGJL+U�KQIkLVUfGJT qQ` I+I+K q L

UfGWe�P ` L
t8e K \�� � U [Sq U � [ PSP b K~K��"G c([ T�K Y)[ T LVU"K�T�K��;L \ K q L [S` T 	 � U�K \ K qQ` T YB[R\ L ` K��"G c~[ T�K

LVU�K I]KQP [ G b�[ P [ L
t ` g `oa I c~`8Y KQP � \7[ T"g KjI+KQT q K ` T v GWI [ G b�[ P [ L
t [ T � � � U [Rq U � [ PRP b KHG Y�Y I]K \]\ K Y [ T

�7UfGWe"L+KQI � 	

& G+$�K / I '-$5F S � S 'RF+, / I ' $5F S

C ` I \+[Rc a P GJL [R` T \ � X � � � � � � GWT Y � ��� � �6K~I+GWT r	N X � � ` T b�` LVU LVU�K a T�e"UfG \ K Y noKjT ` L
t8e K

Y GJL_G GWT Y LVU�K qQ` I+I+K q L e�UfG \ K � �8T ` � TBU�GWe�P ` L
t;e�K Y GJL_G 	 � U�K~e�I [Sc GWI^t G [Sc U�KjI+K [R\ L ` \ KQK

� UfGJLmP `o\+\7[R\	[ T qja I+I]K Y�[ T~LVU�K G qQqQa IVG q t ` g `Wa I [ T"g KQI]KQT q K � U�KQTdUfG v8[ T"n L ` K \ L [Rc GJLVK�UfGWe�P ` �
L
t;e�K \ 		N-G v8[ T�n qQ`oc e�PRKMLVK�GWT Y G qQqQa IVGJL+K�UfGWe�P ` L
t8e K [ T"g ` I c GJL [S` T q PRKQGWI+Pit I+Kje�I+K \ KQT�L \ G b K \ L

q G \ K \]q KjTfGWI [S`�2*[ T L
t;e [Rq GJP&I+K GJP � P [ g K \+q KjTfGWI [R`o\ UfGWe"P ` L
t8e�K \Hc a�\ L b K K \ L [Rc GJLVK Y 	 � I+I ` I \k[ T
LVU [S\ K \ L [Rc GJL [R` T q GWT=G � K q L [ T"g KjI+KjT q K �<\+` LVUfG0L a�\+[ T�n�noKjT ` L
t8e K [ T"g ` I c GJL [R` T IVGJL+U�KQI�LVUfGWT

G \+\]a�c~[ T�n UfGWe"P ` L
t8e�K \ GWI+K �!T ` � T qQ` I]I+K q LVPit c~[ noU�L b KOe"I+Kjg KjIVG b PRK [ T \]a�q U q G \ K \ 	9N ` �6K v KQI �
g ` I LVU [S\�\ K q L [R` T � �6K K���G c~[ T�K ` T�PSt L+U�K e ` L+KQT�L [ GWP�P `o\]\O[ T qQa I+I+K Y b t T ` L�UfG v;[ T�n qj`oc e�PRKMLVK

UfGWe�P ` L
t8e K [ T"g ` I c GJL [R` T 	

� G b PSK � 	 	(\ U ` � \ LVU�K c KQGWT � \ l a GWI]K Y � KQI+I ` I � 
 � � � [ T K \ L [Rc GJL [S` T � g ` IOP ` n  #" �� � P ` n  #" �� �
P ` n! #" �� � GWT Y P ` n! #" �� � � U�KQT a�\+[ T�n e�I [R` I � 	�N�KQI]K � % ���%� � � � [ L+U � L+U�K G v KjIVGWnWK IVGJL+K ` g

Y�`oa�b PSK � \ LVI+GWT Y � b I+KQG�� \ e�KQI a T [ L	e�U�t \+[Rq GWP Y�[R\ L_GWT q K e KjI q U�I `oc(`o\+`oc K [ T~G \][ T�nWPRK LVI+GWT \+c([R\ �
\+[R` T=g I `oc efGWI]KQT�LHL ` `W�#\ e�I [ T�n 	(w)K q GWP qQa PRGJLVK � G \ � � � 	 X�\ b Kjg ` I+K � �6K�PRKML �� Y KjT ` LVK

LVU�K c K Y�[ GWT ` g � zozoz e `o\ LVKQI [R` I \ G c e�PSK \ g I `oc r9N X � � e KjI7noKjT�K 		� `oc K�� UfGJL \+a I]e�I [S\+[ T�noPSt �

LVU�K 
 � � [R\ T ` L L+UfGJL c a�q U Y�[S� KQI]KQT�L g ` ImLVU"KHnWKQT ` L
t8e�K Y GJL_G qQ`Wc efGJI+K Y L ` a�\][ T�n qQ` I+I+K q L



� y

U�GWe�P ` L
t;e�K Y GJL_G~GWT Y � [ Tdg G q L � [S\�` g LVKQT \+c GWPRPSKQI�	 � U [R\ GWP \]` GWe"e KQGWI \ L `�b K L+U�K q G \ K � U�KQT

a"\+[ T"n(e"I [R` I � � 2 L+U�K 
 � � I+K \+a PiL \ � U�KjT a�\][ T�n LVU [R\ e�I [R` I GJI+K \ U ` � T [ T � G b PRK � 	�� 	
� U [S\ P G q � ` g�G Y�[S� KQI]KQT q K [ T 
 � � b KjL �6KQKjT�L+U�K�UfGWe�P ` L
t8e K � �!T ` � T�GWT Y UfGWe�P ` L
t8e K �

K \ L [Rc GJLVK Y=\]q KjTfGWI [S`o\H[R\ e�I `ob G b Pit GdI+K ��K q L [R` T ` g6LVU�K g G q LHL+UfGJLkLVU"K qj` T \+[SY KQI+G b PSK a T q KjI �
LVG [ T�L
t [ T�K \ L [Sc G0L [ T"n IVGJL+K \ ` g � ` v KQI � U�KQP c~\ GWT�t a T q KjI]LVG [ T�L
t [ T K \ L [Rc GJL [ T�n U�GWe�P ` L
t;e�K \ 	

�
T \+a e�e ` I^L ` g&L+U [R\ e `o[ T�L � [ T c(`o\ L-GWe�e�P [Rq GJL [S` T \ � U�KjI+K KQGWI+P [ KQI v KQI \][R` T \-` g9r9N X � � UfG v K

b KQKjT LVK \ LVK Y � r9N X � � U�G \-\ U ` � T=I]KQPRGJL [iv KQPit \+c GWPRP�I+GJLVK \�` g9KQI]I ` I � U�KQT K \ L [Rc GJL [ T�n�UfGJe �
P ` L
t8e K \ g ` I Y GJL_G \ KjL \ ` g�LVU [S\7\][R| K �.� c([ L+U�GWT Y C K GJI+T�U�KQG Y � yJzoz�� � � 
 GJI q U [ T [ KML GWP 	 � yJzozo{ � �
� q U�KQKML�GWT Y �8L+KQe�U"KQT \ � yWzWzo{ � ��	



� 	

� G b PRK � 	 	 � 
 KQGWT � �8l a GWI+K Y � � I+I ` I g ` I \][Rc a P GJL [R` T \ b G \ K Y@` T X g I [Rq GWT � X-c KQI [Sq GWT D0FHGJI �
I�KMFNDPO Q�S Y GJLVG(I]K \]a PSL \�� a�\+[ T�n LVU�K qQ` I]I+K q L�UfGWe�P ` L
t8e K \ � �+N-GJe�P ` L
t8e�K \ � � ` I \][Rc a PSL_GJT�K `oa"\ PSt
K \ L [Rc GJL [ T�n UfGJe�P ` L
t8e�K \ ���+FkKjT ` L
t8e K \ � � �fa�\+[ T�n(e�I [S` I � 	

P ` n  #" �� P ` n  #" �� P ` n  #" �� P ` n  #" ��
� X � � % y 	 z � ��

N-GWe"P ` L
t8e�K \ z 	 	 �Wy z 	 zo{ � z 	 	 � � z 	 � 	 y
FkKjT ` L
t8e�K \ z 	 � � � z 	 z�� � z 	�� {�y z 	 � � �

� � � � % y 	 z � ��
N-GWe"P ` L
t8e�K \ z 	 � � z z 	 � ��� z 	 	 � y z 	 y 	 y
FkKjT ` L
t8e�K \ z 	 ��� z z 	 zo{�� z 	�� 	 � z 	 � { �

� ��� �� � �� IVGWT Y�`oc
N-GWe"P ` L
t8e�K \ z 	 � y�� z 	 zo{ � z 	 	 � � z 	 � � 	
FkKjT ` L
t8e�K \ z 	 	 � � z 	 z�� � z 	�� � z z 	 � � �

� G b PRK � 	 ��� 
 KQGWT � �8l a GWI+K Y � � I+I ` I g ` I \][Rc a P GJL [R` T \ b G \ K Y@` T X g I [Rq GWT � X-c KQI [Sq GWT D0FHGJI �
I�KMFNDPO Q�S Y GJLVG(I]K \]a PSL \�� a�\+[ T�n LVU�K qQ` I]I+K q L�UfGWe�P ` L
t8e K \ � �+N-GJe�P ` L
t8e�K \ � � ` I \][Rc a PSL_GJT�K `oa"\ PSt
K \ L [Rc GJL [ T�n UfGJe�P ` L
t8e�K \ ���+FkKjT ` L
t8e K \ � � �fa�\+[ T�n(e�I [S` I � � 	

P ` n! #" �� P ` n  #" �� P ` n! #" �� P ` n! #" ��
� X � � % y 	 z � ��

N-GWe"P ` L
t8e�K \ z 	 � � � z 	 z � � z 	 � � { z 	 z ���
FkKjT ` L
t8e�K \ z 	 � �J{ z 	 z � � z 	 � { � z 	 zo{ �

� � � � % y 	 z � ��
N-GWe"P ` L
t8e�K \ z 	 y � � z 	 � z�y z 	 � � � z 	 � ���
FkKjT ` L
t8e�K \ z 	 y � � z 	 zo{ � z 	 � {oz z 	 � y �

� ��� �� � �� IVGWT Y�`oc
N-GWe"P ` L
t8e�K \ z 	 y ��� z 	 z�� � z 	 	 yWz z 	 � y �
FkKjT ` L
t8e�K \ z 	 y � � z 	 z�� � z 	 	 ��� z 	 z ���



� �

� ��� � � � � �����

�
T LVU [S\-q UfGWe;LVKQI � �6K UfG v K [ T qj` I+e ` IVG0LVK Y `oa IOI+K v8[S\ K Y r X � P [ �JKQP [ U `8`;Yd` g �7UfGWe"L+KQI \ y GWT Y
	$[ T�L ` L+U�K � G toK \][ GWT 
 � 
 �:GWPSn ` I [ LVU c r9N X � � �.�8L+KQe�U"KQT \ KjL GWP 	 � yWzoz � � � �!LVKQe"U�KQT \
GJT Y p ` T�T"KQPRPit � yWzWz 	 � � L `�B]`o[ T�LVPit$K \ L [Rc GJL+K UfGJe�P ` L
t8e�K \ GJT Y � � � � � a�\][ T�n)noKQT ` L
t;e�K [ T �
g ` I c GJL [S` T 	dw)K�g `Wa T Y L+UfGJL L+U�K P `o\+\ [ TxG qjqQa I+G q t ` g [ T;g KQI+KjT q K [ T qja I+I]K YBb t)K \ L [Rc GJL [ T�n

U�GWe�P ` L
t;e�K \ IVGJL+U�KQI7L+UfGWT�UfG v8[ T"n LVU�K c �!T ` � T qQ` I]I+K q LVPit GWe"e KQGWI \ T"KQnoP [ n [Sb PRK
	 �
TdG Y"Y�[ L [R` T �
�6K g `oa T Y L+UfGJLmL+U�K a�\ K ` g e�I [R` I [ T"g ` I c G0L [R` T �!b G \ K Y ` TdL+U�K I+K \+a PiL \ ` g�L+U�KHGWe�e�P [Rq G0L [R` T ` g

`Wa I I+K v8[S\ K Y r X � L ` D0FHGJILI�KMFNDPO Q�S [ T �7UfGWe;LVKQI 	 � GWe�e�K GWI \ L ` I]K Y�a"q K T `o[R\ K [ T K \ L [Rc GJL [S` T
` g � qQ`oc efGWI]K Y L ` a�\][ T�n r X � GJP ` T�K
	 X e�e�P [Sq GJL [R` T L ` LVU�K D0FHGJILILKMFNDPORQ�S Y GJLVG \ KML \ U ` � \

K v8[RY KjT q K g ` I \+a"b�\ LVGWT�L [ GJP v GWI [ G b�[ P [ L
t [ T noKQT `oc K � � [SY K � 	�N ` �6K v KQI �<`Wa I [ T"g KQI]KQT q K \ U ` � \
\]`oc K Y KQe�KQT Y KjT q K ` T � U [Sq U)e�I [R` IkefGJIVG c KjL+KQI \ GWI]K a"\ K Y)[ T r	N X � � 	 � U [R\H\+a nonoK \ L \ �7K

e�KQI]UfGWe \*Y�` T ` L �7GWT�L&L ` h � L+U�K \ K e�I [S` I*efGJIVG c KjL+KQI \*b�a L&I+GJLVU�KjI&GWPSP ` �Bg ` I \]`oc K �fK�� [Sb�[ P [ L
t 	
� U [R\ [RY K G � [ PSP b K K��;e�P ` I]K Y [ T �7UfGWe;LVKQI � 	



� �

-/7������8� 	��

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



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

� U `oa noU LVU�K a�\ K ` g<GWT [ T"g ` I c GJL [iv K7e"I [R` I9GWe�e�K GWI \ L ` [Sc e"I ` v K G qjqQa I+G q t [ T K \ L [Rc GJL [ T�n

� qQ`oc efGWI]K Y L ` a�\+[ T�n L+U�K r X � c(`;Y KjP#GJP ` T�K � �6K-g `oa T Y�[ T �7U�GWe"LVKjI � LVU�GJL `oa I [ T"g KjI+KjT q K
Y KQe�KQT Y"\ ` T LVU"K(e�GWIVG c KjL+KQI \Ha"\ K Y [ T LVU"K~e�I [R` I�	 C ` I�LVU [S\ I+K G \+` T ��[ T \ L+K G Y=` g7h � [ T�n `oa I

e�I [S` I efGJIVG c KjL+KQI \�� �7K�K��8LVKQT Y�`Wa I c(`;Y KjP6L ` GWPRP ` � g ` I c(` I+K �fK�� [Sb�[ P [ L
t 	 �
T�e�GWI]L [RqQa P GWI �

�7K [ T qQ` I]e ` IVGJL+K G U [ KjIVGWI q U [Rq GWP c(`8Y KQP LVUfGJL a"\ K \k[Sc e ` I]LVGWT q K \ G c e�P [ T�n~L `�\ G c e�PSK LVU"K \ K

efGWIVG c KMLVKQI \ qQ` T Y�[ L [R` TfGJP ` TdLVU�K `ob"\ KQI v K Y Y GJLVG 	

C [ I \ L �6K Y K \+q I [Rb K�L+U�K-U [ KQI+GWI q U [Rq GJP c(`;Y KQP�GWT Y `Wa I q U `o[Rq K ` g<e�I [R` I	efGWI+G c KjLVKjI \ 	 � K��;L
�7K GJe�e�PSt L+U [R\ T�K�� c(`8Y KQPfL ` LVU�K \+[Rc a P GJL+K Y~Y GJL_G \ KjL \7Y K \+q I [Rb K Y�[ T �7UfGJe"LVKjI � GWT Y G \+\ K \]\
LVU�K c(`;Y KjP � \ e�I ` e�KQI^L [ K \ GWT Y G qQqja IVG q t 	�w)K&LVU"KQT GJe�e�PSt `oa I c~`8Y KjPoL ` LVU�K9noKjT ` L
t8e K Y GJLVG ` g

D0FHGJI�ILKMFNDPORQ�S GJT Y Y K \+q I [Rb K9LVU�K6I+K \]a PSL \ 	 �
T efGWI^L [SqQa PRGWI � �6K6g `8qQa�\�` T K��"e"P ` I [ T�n LVU�K	noKjT `oc K �
� [RY K v GWI [ G b�[ P [ L
t [ T~I+GJLVK \6` g �dGWT Y ��[ T(L+U [R\9Y G0L_G \ KjL � G \ �6KQPRP�G \ U ` � I]K qj`oc b�[ TfGJL [S` T IVGJL+K \

qQ` I]I+KQPRGJLVK�� [ L+U)LVU�K \ KQl a KjT q Kdg K G0L a I]K \ � � r Y KjT \+[ L
txGJT Y � F � � qQ` T�L+KQT�L 	 C [ TfGWPRPit � �7K

GWe�e�Pit `oa I c(`8Y KQP"L ` \+[Sc a P G0LVK Y Y GJL_G \ KjL \6Y K \+[ noT�K Y L ` K v GJP a GJL+K7LVU"KOI]KQP [ G b�[ P [ L
t ` g `Wa I c G [ T

qQ` T q P a�\][R` T \ g I `oc LVU�K c(`;Y KjP � \ GWe�e�P [Rq GJL [S` T�L ` D0FHGJILI�KMFNDPO Q�S�	

X�\ [ T �7UfGJe"LVKjI � � g ` I GWPSP7GWT�GWPSt \ K \ [ T)L+U [R\ q UfGJe"LVKjI � �7K qj` T \+[SY KQI ` T�PSt=LVU�K � P ` K \]\ �
qQ` I]I+K q L [S` T v KQI \+[S` T ` g�L+U�KHr X � c(`;Y KQP Y K \+q I [Rb K Y [ T �7UfGJe"LVKjI 	 	



� {

����� ����� �  ���&���$���  � � 
 � 	 � � 


4
!% 
!% 
 ,5I�' / 7 � 4 I�% / , � 
 � $�K / '+%(, 0 � G&'+%LG�"3% K % I ' %(, 2 F 4 / ) "3%(,�GJI6% / , 2 GJI F S

� GJL+K \9` g q I `W\+\+` v KQI6GWe�e�K GWI&L ` v GWI^t \+a"b�\ LVGWT�L [ GJPRPSt G q I `o\+\ L+U�K noKQT `Wc K GJL c KQnoG b G \ K � � ` T�n
KML GWP 	 � yWzozoy �	GJT Y � [ P `Wb G \ K \+q GWPRK \ � �7I+G � g ` I Y KML GWP 	 � yWzoz � � � 
 q �9KQGWTdKjL GJP 	 � yWzoz � � � 
 tWKQI \
KML GWP 	 � yWzoz�� � ��	 � U `oa nWU c a�q U ` g L+U [R\Hv GJI [ G b�[ P [ L
t c G t b K Y"a K�L ` LVU�K e"U�KQT `Wc KjT ` T ` g

q I `o\]\+` v KjI�U ` L \ e ` L \�� L+U�K " G 4 � 0 ' / � ,�7 q I `o\+\]` v KQIOIVG0LVK \��f[ 	 K 	sL+U�KkIVGJL+K \ ` g q I `o\+\]` v KQI�G q L [Sv8[ L
t

`Wa L \][RY K ` g"GWT�t hfT�K � \+q GWPRK	U ` L \ e ` L \��Jc G t \ L [ PSP v GWI]t b tHGWT ` I Y KQI ` g c GWnWT [ L a�Y K b KjL �6KQKjT L � `
nWKQT�K \*` I I+Kjn [R` T \ ` g \+[Sc~[ P GWI \][R| K � �7IVG � g ` I Y KjL*GWP 	 � yWzoz � ��	 X-qQqj` I Y"[ T�nOL ` L+U�K Y"`oa�b PSK � \ LVI+GWT Y
b I+K G � � p � � � c~`8Y KjP �.� |j`o\ LVG�� KMLOGWP 	 � ����� 	 � �"`oa LVP [ T�K Y�[ T �;K q 	 � 	 y 	 y � LVU�K I+GJLVK ` g q I `o\+\]` v KQI
[ T G)I]KQn [S` T [R\~Y KjL+KQI c~[ T�K Y b t � � �(L+U�K I+GJLVK ` g Y�`oa�b PSK � \ LVI+GWT Y � b I+KQG�� \ `8qQqQa I [ T"n [ T L+U�K

I]KQn [S` T~GWT Y � y �*LVU�K�e�I ` e ` I^L [S` T ` g Y�`oa"b PRK � \ L+IVGWT Y � b I]K G�� \ LVUfG0LmGWI]K�I]K \]` P v K Y G \	q I `o\+\]` v KQI \ 	
� U"KQI+KMg ` I+K �*[ g6L+U [R\kc(`;Y KjP [R\kqQ` I+I+K q L � L+U�K `Wb�\ KjI v K Y noKjT `oc K � � [SY K v GWI [ G b�[ P [ L
t [ T=IVG0LVK \H` g
q I `o\]\+` v KjI qj`oa P Y b K Y�a K L ` K [ LVU�KjI noKQT `Wc K � � [RY K v GWI [ G b�[ P [ L
t [ T � � � ` I v GWI [ G b�[ P [ L
t [ T � y � �
` I v GWI [ G b�[ P [ L
t [ T b�` LVU 	 �6a L � U [Sq U ` g L+U�K \ K L � ` g KQGJL a I]K \ ` g<L+U�K p � � c(`;Y KjP qj` T�LVI [Sb�a L+K \

c(`o\ L��

� L \ KQK c(\ e�I `ob G b PSK LVUfG0L v GWI [ G b�[ P [ L
t [ T Y�`oa�b PRK � \ L+IVGWT Y � b I]K G�� IVGJL+K \ [R\ LVU�K Y�`oc([ T�GWT�L
g KQGJL a I+K qj` T�LVI [Sb�a L [ T�nHL ` LVU"K q I `o\+\]` v KQI IVG0LVK v GWI [ GJL [R` T b KML �7KjKQT G I+Kjn [R` T [ T \][RY K-G U ` L \ e ` L

GJT Y G(I]KQn [S` T B]a�\ L `oa L \+[SY K 	 � U�K G c(`oa T�L ` g q I `o\+\]` v KQI�G q L [Sv8[ L
t [ T c(`o\ L U a�c GWT U ` L \ e ` L \

[S\ v KQI^t P GWI]noK qQ`oc efGWI]K Y L ` I]KQn [S` T \�B]a�\ L `oa L \+[SY K LVU�K U ` L \ e ` L � \+a nWnoK \ L [ T"n~LVU"KQI+K c a�\ L b K

[ T q I]K G \ K Y p � � G q L [Sv8[ L
t [ T$LVU�K U ` L \ e ` L 	 } LVU�KjI � [R\ K � [ g-LVU"K q I `o\+\]` v KQI�IVGJL+K Y�[i� KjI+KQT q K

�7G \ GWPSP Y�a K L `Bv GJI [ G b�[ P [ L
t [ T L+U�K e�I ` e ` I^L [S` T ` g I+K \+` P a L [S` T � LVU�KjT I]KQn [S` T \�`oa L \+[SY K ` g

q I `o\]\+` v KjI U ` L \ e ` L \ � � U [Rq U�G qQqQ`Wa T�Lmg ` I6L+U�K v G \ L c G B]` I [ L
t ` g L+U�K�noKjT `oc K � � `oa P Y UfG v K

K��8LVI+K c K G c(`oa T�L \O` g&noKjT�K qj` T v KjI \+[S` T `8qQqQa I [ T"n � G \�[ T g G q L ` I \�` g*LVKQT \ L ` U a T Y I+K Y�\ LVU�GJL

` g q I `o\+\]` v KQI�	 � G \ K Y�` T~L+U�K-I]KQP G0L [Sv KQPit \+c GWPRP \][ noT�GWPfg ` I6nWKQT�K qQ` T v KjI \][R` T [ T � p Y G0L_G � LVU [S\

Y"` K \ T ` LkGWe"e KQGWI�L `�b K LVU�K q G \ K
	 � ` T \+[R\ LVKjT!L � [ LVU LVU"K LVU�K ` I]t LVUfGJL q I `W\+\+` v KQIHU ` L \ e ` L \

I]K �fK q L�U�K [ noU�LVKjT�K Y p � � G q L [iv;[ L
t �fc(`o\ L U ` L \ e ` L \ K��"G c~[ T�K Y b t \ e�KQI c GJTfGWPSt \][R\ g ` I b ` LVU

q I `o\]\+` v KjI \ GWT Y nWKQT�K qj` T v KQI \+[S` T \ �6KQI+K g `Wa T Y L `Bb K U [ noU�Pit G q L [iv K g ` I b�` LVU � � K � I+Kjt \



� �

GWT Y 
 G t � yWzoz � � � � K � I+Kjt \ GWT Y � K a�c GWT�T � yWzoz�� � ��	 � L \ KjK c(\ LVUfG0L � p Y G0L_GBGWI]K T ` L

v KQI^t [ T"g ` I c GJL [Sv K g ` I IVGJL+K \ ` g nWKQT�K qj` T v KjI \+[S` T ` T \+q GWPRK \ G \ \]c GJPRP	G \ U ` L \ e ` L \�� � U [Rq U

GWI+K L
t8e [Sq GWPSPSt � �^y � b [ T PSKQT�nWL+U 	 � U�KjI+KMg ` I+K ��[ LkGWe�e�K GWI \ LVUfGJL \ e KjI c GJTfGWPSt \][R\��<Y K \ e [ LVK [ L \

LVK q U"T [Rq GWP Y�[ @~qja PSL [ K \�� � [ PRP*P [ �JKQPSt I]K c G [ T L+U�K e�I+KMg KQI]I+K Y=c K GWT \ ` g6K��"G c~[ T [ T"n v GWI [ G b�[ P [ L
t
[ T noKjT�K qQ` T v KQI \][R` T I+GJLVK \ � [ LVU [ T G \+[ T�noPSK c a PiL [ e�PRK � � [ P `ob G \ K	I]KQn [S` T � GJT Y U�KQT q K p � � IVGJL+K \
[ T \+a�q U I+Kjn [R` T \ 	 X e `o\]\+[Sb PRKHK�� q Kje"L [S` T c([ noU�L b K I+Kjn [R` T \ � [ LVU b�` L+U U ` L \ e ` L \ GWT Y U [ noU

� � r Y KQT \][ L
t � \+a"q UxG \ LVU"K 
 N � 2 � p efG0L+LVKjI+T \k[ T \]a�q U)I]KQn [S` T \ c G t qQ` T�LVG [ T=G Y Kjl a GJLVK

KQT `oa noU [ T;g ` I c GJL [S` T ` T noKjT�K qQ` T v KQI \+[R` T K v KjT�L \ GJL v KQI^t hfT�K \+q GJPRK \ L ` GWPSP ` �)g ` I�LVU"K \ L a�Y t

` g p � � I+GJLVK \ [ TdU ` L \ e ` L \ 	

�6a L � UfGJL&G b `Wa L qj`oc e�GWI [ T�n�IVG0LVK \*`oa L \][RY K ` g U ` L \ e ` L \sb KjL �6KQKjT(L � ` � K
	 n 	 � yWz � [ P `ob G \ K
� ` I noKjT [Rq � I+Kjn [R` T \ � � \ L [Rc GJLVK Yxb G q �!noI `oa T Y$q I `o\]\+` v KjI(I+GJLVK \ G q I `o\]\ � � D0FHGJILI�KMFNDPO Q�S

noKQT�K \k[ T �7IVG � g ` I Y KML GJP 	 � yWzoz ��� \ U ` �6K Yx\]a�b�\ L_GWT�L [ GWP v GWI [ G b�[ P [ L
t b Kjt ` T Y LVUfG0L � U [Rq U [R\

K��;e K q L+K Y=b t KQI]I ` I [ T K \ L [Sc GJL [R` T 	 � U [R\�v GJI [ G b�[ P [ L
t qj`oa P Y qj` T q K [Sv G b PSt b K Y"a K L ` K [ L+U�KQI

v GJI [ G b�[ P [ L
t [ T p � � I+GJLVK \��;v GWI [ G b"[ P [ L
t [ T~LVU�K�e"I ` e ` I]L [R` T ` g p � �7\ I]K \]` P v K Y G \mq I `o\]\+` v KjI \��

` I b�` LVU 	 � g��6K q GWTBI]KQP [ G b Pit K \ L [Rc GJL+K�IVG0LVK \ ` g q I `W\+\+` v KQI(GWT Y noKjT�K qQ` T v KQI \+[R` T ` TxLVU�K

\+q GJPRK ` g�noKQT"K \�� �7K c~[ noU�L U ` e�K�L ` n�G [ T [ T \][ noU�L [ T!L ` LVU [S\ l a K \ L [R` T 	 �
T�efGWI^L [SqQa PRGWI � G \

q I `W\+\+` v KQI \ GWT Y noKQT"K qQ` T v KQI \][R` T \�� G \ �6K UfG v K Y KMhfT�K Y L+U�K c�� GWI]K c a L a GWPSPSt$K�� q P a�\][Sv K

I+K \]a PSL \7` g<G Y�`oa�b PRK � \ L+IVGWT Y � b I]K G�� � �7K q GWT K \ L [Sc G0LVK LVU�K Y�`oa�b PSK � \ LVI+GWT Y � b I+KQG�� IVGJL+K � � � g ` I
G n [Sv KjT I]KQn [S` T b t \+a�c(c([ T�n L+U�KkIVGJL+K \ ` g�K G q Udg ` ImLVU�GJLOI+KQn [R` T �;[ 	 K 	i�

� % � � � � � � 	 � �

N�KQI]K � % ����� � � � U�KQI]K � [R\ LVU�KkG v KjIVGWnWK IVGJL+K ` g Y�`oa�b PSK � \ LVI+GWT Y � b I+KQG�� \ e KjI a T [ L e�U�t \+[Sq GWP
Y�[R\ L_GWT q K e�KQI q U�I `oc~`W\+`oc K [ T G \+[ T�noPRKkLVI+GWT \]c~[S\+\+[S` T�g I `oc e�GWI+KjT!L�L `~`W�#\ e�I [ T�n 	 C a I^LVU�KjI �
c~` I]K � �6K q GWT noKML7G0L&LVU�K v GWI [ G b�[ P [ L
t [ T LVU�K e�I ` e ` I]L [R` T ` g p � � I]K \+` P a L [R` T b t qQ` T \+[SY KQI [ T�n

LVU�K v GWI [ G b�[ P [ L
t [ T�LVU�KkI+KjP GJL [Sv K IVGJL+K ` g*nWKQT�K qQ` T v KQI \+[R` T L ` q I `o\]\+` v KjI � ��% � ��� 	
� U"KQI+KMg ` I+K �7K � [R\ U L `-qj`oc efGWI+K	LVU�K v GWI [ G b�[ P [ L [ K \ ` g � GWT Y ��G c(` T�nOnoKQT�K \ L `�\ KjK � U [Rq U

qQ` T�LVI [Rb�a LVK \	c(`o\ L9L ` LVU"K `ob"\ KQI v K Y v GJI [ G b�[ P [ L
t [ T � G c(` T�nHnoKjT�K \ 	 � K q G a�\ K `oa I	K \ L [Rc GJL+K \



���

g ` I�KQG q U ` g � GJT Y �=g ` I [ T Y�[Sv8[RY"a GWP�noKQT"K \�q GWT UfG v K \][ noT [ h q GJT!L a T q KQI^L_G [ T!L
t � �6K � [R\ U L `

G vW`o[RY \+[Sc e"PSt a�\+[ T�n LVU�K \ LVGWT Y GJI Y Y K v8[ GJL [S` T \&` g `oa I&K \ L [Sc G0LVK \&` g � GJT Y �dG q I `W\+\ noKQT"K \ L `

G Y�Y I+K \+\ L+U [R\ l a K \ L [R` T 	 X�\ G e�I ` e `o\ K Y [Sc e�I ` v K c KQT�L � �7K e�I+K \ KQT�L G U [ KQIVGJI q U [Sq GWP c~`8Y KjP

g I+G c K�� ` I � LVU�GJL \][Rc a PiL_GWT"K `oa�\ PSt � b�` I+I ` � \*\ L+I+KjT�nWLVU��kG q I `o\+\ nWKQT�K \ L `�[Sc e�I ` v K [ T Y�[iv;[SY�a GWP
nWKQT�K K \ L [Rc GJL [S` T GJT Y e�I ` v8[RY K \ G c K GJT \ g ` I�K \ L [Rc GJL [ T�n LVU�K nWKQT `oc K � � [RY K v GWI [ G b�[ P [ L
t [ T
� GWT Y � 	

4
!% 
!#" � . F & %�F+' G&' 4 . % 4HGJK�0 / 7 F K

� U"K \ LVI a"q L a I+K ` g `oa I U [ KQI+GWI q U [Rq GJP c~`8Y KjP [R\ G \ g ` PSP ` � \<[ TkLVU [S\<\ K q L [S` T 	 � U�K7r9N X � � e�I [R` I \

[ T �7U�GWe"LVKjI � a�\ K Y�[ T Y KQe�KQT Y KjT�Lme�I [R` I \	` T�P ` n  #" � GWT Y P ` n  #" � 	 X�\ �6K�GWI]K�U"KQI+KOe�I [Rc GWI [ PSt
[ T�LVKQI]K \ LVK YB[ T qQ`Wc efGJI [ T"n I+GJLVK \ ` g � GWT Y ��G q I `W\+\ LVU"K�noKjT `oc K � �6K�I+K � efGWI+G c KjLVKjI [S| K [ T
L+KQI c~\�` g6P ` n! #" � GWT Y P ` n! #"$� 	Hw)K � [ PRP�G \+\]a�c K L+UfGJL P ` n! #" � GWT Y P ` n! #"$� v GWP a K \�` g	noKjT�K \

GJI+K c a PiL [iv GJI [ G0LVK � T ` I c GWP Y"[R\ L+I [Sb�a LVK Y 	 � UfGJL [S\�� g ` I nWKQT�K � �

�� P ` n  #" � �
P ` n! #" � �

��
� � 	 �� 
 �


 �

��
� �
 �

�� �
�
� ��� � �

��� � � �
�
�

��
� � � �

� U"KQI+K � 
 � � ����� GWT Y � 
 � � ��� � I+Kje�I+K \ KjT!L(LVU"K nWKQT `oc K � � [RY K c K GJT �6\ L_GWT Y GWI Y$Y K v8[ GJL [R` T ` g

P ` n! #"$� GWT Y P ` n! #" � � I+K \ e�K q L [Sv KQPit � GJT Y ��� � ��L+U�K qQ` v GWI [ GWT q K �Oa T Y KjI LVU [S\ T ` I c GJP [ L
t�G \ �
\]a�c e"L [S` T 	 w)K T ` LVK LVUfG0LHL+U�K \ K~I]KQn [S` T \ � T�KQK Y T ` L b K noKQT"K \�� b�a L qQ`Wa P Y b K(I]KQn [S` T \k` g

\][R| K yWz�� � zoz � b � g ` I K��"G c e"PRK 	 � ` G vo`o[SY qj` T"g a�\][R` T ��[ T�LVU [R\ q UfGWe;LVKQI �6K � [ PRP Y KQT ` LVK v GWP a K \
` g 
 � � ��� � 


�
� GWT Y �

�
a�\ K Y [ T L+U�K r9N X � � e"I [R` I \-` g �7UfGWe"L+KQI �dG \ 
 �

"��
� � � �

"��
� � 
 �

"��
� � GWT Y

� �
"��
� � I+K \ e�K q L [Sv KQPSt 	

�
T \ LVKQG Yx` gmh � [ T�n 
 � � ��� ��
 � � ��� � GWT Y ��� � � GJL \ e�K qQ[ h q~v GWP a K \�� �6K � [R\ U L ` K \ L [Sc GJL+K

L+U�K c g I `Wc L+U�K Y GJLVG 	 �
T [ L [ GJPRPSt �7K L+I [ K Y a�\][ T�n c G � [Rc a�c P [ �WKQP [ U `8`8Y b t qQ`oc e a L [ T�n�L+U�K
P [ �JKQP [ U `8`;Y g ` IdGBnoI [SY ` g v GWP a K \�` gHL+U�K efGWI+G c KMLVKjI \ GWT Y GWe�e"I ` � [Rc GJL [ T�n)LVU"K [ T�LVKjnoIVGWP \

T"K q K \+\ GWI]t L ` qQ`Wc e a LVK-L+U�K�P [ �WKjP [ U `;`8Y~b t F a G \+\][ GWT�l a G Y GJL a I]K 	9N ` �6K v KQI � L+U�K�I]K \+a PSL \ �7K



� �

`ob L_G [ T�K Y b t~L+U [R\ GWe�e�I ` G q U Y�[SY T ` L GJe�e KQGWI6L ` c G��WK \ KQT \ K 	9w)K \+a�\ e K q L LVU [R\ �7G \mY"a K�L `

LVU�K qQ` GWI \ KQT�K \+\�` g LVU"K noI [RY �6K �6KQI]K a�\][ T�n L `(c G �WK qQ`oc e a LVGJL [S` T \ g KQG \+[Sb PRKkGWT Y e `o\+\][Rb Pit
LVU�K l a GJP [ L
t ` g LVU"K�T a"c KjI [Rq GWP [ T�LVKQnWIVGJL [R` T �6K �6KQI+Kde�KQI^g ` I c([ T�n 	 w)K L+U�KQI]Kjg ` I]K LVI [ K Y G

� G toK \][ GWT [Rc e�PSK c KQT�L_GJL [R` T �O\ e K qQ[ g t [ T�n$e�I [S` I \ g ` I L+U�K efGWI+G c KMLVKjI \ GWT Y GJL+L+K c e"L [ T�nBL `

\ G c e�PRKHGWe"e�I ` � [Rc GJLVKjPSt�g I `oc LVU�K [ IOe `W\ LVKjI [S` I Y"[R\ L+I [Sb�a L [S` T \ qQ` T Y�[ L [R` T�GWP ` T L+U�K `Wb�\ KjI v K Y

Y GJL_G 	

� ` c G �WK \ G c e�P [ T�n g I `oc LVU�K�e `o\ L+KQI [R` I Y"[R\ L+I [Sb�a L [S` T qj`oc e a L_GJL [R` T�GWPRPit K @(qQ[ KQT�L � �7K

c G��JK a�\ K ` g qQ` T B]a n�GJL+KHe"I [R` I \ g ` ImL+U�K c a PSL [Sv GWI [ GJL+K � T ` I c GWP Y�[S\ LVI [Rb�a L [R` T 2;[ 	 K
	S�

� � �
T v � w ��� " � � " �
�
 	 � � 
 � � � �
 " � � ��� " � �

� U�KQI]K [ T v � w ��� " � � " � [R\ GWT [ T v KQI \ K � w [R\ UfGWI^L Y�[R\ LVI [Rb�a L [R` T � [ L+U \+q GWPRK c G0LVI [ � � " GWT Y Y K �
noI+KjK \H` g7g I]KQK Y"`oc � " � GWT Y 
 � � ���
 " � � ��� " � [R\ G c a PSL [Sv GWI [ GJL+K � T ` I c GWP Y�[S\ LVI [Rb�a L [R` T � [ LVU

c KQGWT v K q L ` I �
 " GWT Y v GWI [ GWT q K c GJL+I [ � � ��� " 	 � U�K v GJP a K \ �6K a�\ K g ` I�� " � � " � �
 " � GWT Y�� "

GWI+K n [iv KjT [ T �8K q 	 � 	 � 	 	 	

w [ LVU LVU [R\ g ` I c a P G0L [R` T � LVU"K(e `o\ LVKQI [R` I Y"[R\ L+I [Sb�a L [S` T \�` g �
 GWT Y � LVG��WK LVU"K g ` PRP ` � [ T�n
g ` I c�� � [ LVU ������ �� � Y KQT ` L [ T�n LVU�K v GWP a K \ ` g�P ` n  #" � GWT Y P ` n  #" � G q I `o\+\ noKjT�K \ �

� 	 ���� � �� � � �
T v � w ��� " � q � � � " � � � �
	��
�
	��
�
�
� �


	 �
 " ��� �

	 �
 " ��� � �  �

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

��	
�
�
�
 � � � � � " ��� � ��	

N�KQI]K �
 %
��
����
�� �

��
� � [ LVU ���� GWT Y �� � I+KQe"I+K \ KQT�L [ T�n LVU"K c K GWT \6` g�P ` n  #" � GWT Y P ` n  #" � G q I `o\+\

noKQT�K \�� I+K \ e K q L [Sv KjPSt � � [R\ LVU�K~T a�c b KQI ` g noKjT�K \�� GWT Y � % � �
� �  � �
 � 	 �
 � � �
 � 	 �
 ��� � � [ LVU

�
 � %
�� ��� �
� � �

��
� LVU�K�P ` n  #" � � P ` n  #" �dv GWP a K \ g ` I noKjT�K � 	=w)K�e�I [Rc GWI [ PSt � [S\ UBL ` qQ`Wc efGJI+K

\ G c e�PRK Y~v GWP a K \6` g ���mGWT Y ��� � K G q U qQ`oc e ` T�KQT�L \6` g � � L ` G Y�Y I+K \]\m`oa I6l a K \ L [R` T ` g � U [Rq U

g K GJL a I+K ` g � GWe�e�K GWI \ L ` qj` T�LVI [Sb�a L+K c~`o\ LmL ` nWKQT `oc K � � [RY K v GJI [ G b�[ P [ L
t 	 X-\ �6K qQ` T \+[RY KQI �



� z

GJT Y � ` T L+U�K P ` n \+q GJPRK � ��� GWT Y ��� I+Kje�I+K \ KQT�L G c K G \]a I+K ` g c GWnWT [ L a�Y K v GWI [ G b"[ P [ L
t [ T �

GJT Y � � I+K \ e�K q L [Sv KQPSt 	

� U�K c~`8Y KjP [R\k[Rc e�PRK c KjT�LVK Y [ T!L ` L+U�K g ` PRP ` � [ T�n 
 � 
 � g I+G c K�� ` I � 	�w K b KQn [ T=L+U�K

q U�G [ T�� [ LVU [ T [ L [ GWP \ L_GWI^L [ T"n v GWP a K \O` g �
 GJT Y�� 	 � U�KjT g ` I�KQG q U \ LVKQe � % � � 	 	 	 ��� ` gsL+U�K


 � 
 � GWPSn ` I [ LVU c ` g `Wa I�U [ KQIVGJI q U [Sq GWP c~`8Y KQP � PRKML+L [ T�n�� I+Kje�I+K \ KQT�LHLVU�K nWKQT ` L
t8e�K Y GJL_G �

L+U�K `oa L+P [ T"K ` g `oa I GWPSn ` I [ LVU c [R\ G \ g ` PRP ` � \ �

� 	 \ G c e�PRK � ��� � � ��
� � � � � ��

�7g I `oc r&I � ��� � � ��
� � � � � �� 	 �
 � � �  �� � � � � �  �� � � �

� % � ������� � � % noKjT�K \

y 	 \ G c e�PRK � � � � g I `oc r9I � � � � � 	 ���� � � � � �� � � � � � �
 � � �  �� �
	 	 \ G c e�PRK �
 � � � g I `Wc r&I � �
 � � � 	 ���� � � � � �� � � � � � � � � � ��	
�8L+KQe \ � y �kGWT Y � 	 �kGWI]K \ LVIVG [ noU�L � g ` I �7GWI Y ��[ T vo` P v8[ T�n \ G c e�P [ T�n�g I `Wc LVU�K q P `o\ K Y g ` I c

[ T v KQI \ K � w [R\ UfGWI^L(GWT YBc a PiL [ � v GWI [ GJLVK T ` I c GWP Y"[R\ L+I [Sb�a L [S` T \ `oa LVP [ T�K Y G b�` v K 	x�8LVKje � � � [S\
e"I+K qj[R\ KQPSt LVU�K e�I `ob PRK c \]` P v K Y�b t r9N X � � [ T �7U�GWe"LVKjI � 	sN ` �6K v KQI �;[ L [S\&qQ`oc e a LVGJL [S` TfGWPSPSt
L [Rc K � qQ` T \]a�c([ T�nHL ` a�\ K r9N X � � L ` `ob L_G [ T \ G c e"PRK \ g I `oc LVU [S\ Y�[R\ LVI [Sb�a L [R` T(g ` I K v KQT ` T�K

\][ T�nWPRK v GWP a K ` g �
 GWT Y � 	 � U�KjI+Kjg ` I+K � L ` G vW`o[RY LVU�K(T�KjK Y L ` e�KQI]g ` I c G I a T ` g r9N X � �

g ` I c GJT!t v GJP a K \ ` g��
 GWT Y � � �6K L_G��JKHGWT GWe�e�I ` G q U GWTfGWPRGWn `oa�\ L ` %() $ / 'NI$G&, 4 F"S(G&) $�K %(, 0 	
w K a�\ K�r9N X � � L ` e�I ` v8[SY K \ G c e�PSK \ g I `oc r&I � ��� � � � � � 	 �
 �

"�� � � �
"�� � � � � � U"KQI+K �
 �

"�� GWT Y
� �
"�� GJI+K-h �;K Y e�GWIVG c KjL+KQI q U `o[Rq K \ �6K � [ PSP�I]Kjg KjI7L ` G \ 7&'+% � %(, 0 � GJK � F S � GWT Y L+U�KQT�I]K � �7K [ noU�L

L+U�K \ K \ G c e"PRK \ L ` e�I ` v8[SY K GWT GWe�e"I ` � [Rc GJLVK \ G c e�PSKHg I `oc r&I � ��� � � � � � 	 �
 � � � � � � � � � � ��	 � L
[ T�L a�[ L [Sv KQPit � ` I � \ G \ g ` PRP ` � \ 	 �7PSK GWI]PSt

r&I � ��� � � � � � 	 �
 � � � � � � � � � � � % r9I � ��� � � � � � 	 �
 � � � � � � � � � � �r&I � ��� � � � � � 	 �
 �
"�� � � �

"�� � � � r&I � ��� � � � � � 	 �
 �
"�� � � �

"�� � � ���
� � 	 y �

�;G c e"P [ T"nOg I `oc � � 	 y � q GWT b KmGWe"e�I ` � [Rc GJLVK Y b t \ G c e�P [ T�n v GWP a K \�` g�� P ` n  #" � � � P ` n  #" � � � g I `oc
r&I � ��� � � � � � 	 �
 �

"�� � � �
"�� � � ��� �6K � [ PRP Y KQT ` LVK \]a�q U \ G c e�PSK \ � ��� �

�
� � � �

�
� [ T � � 	 	 � �(GWT Y L+U�KQT

\ G c e�P [ T�n g I `Wc G c(` T�n LVU"K \ K v GWP a K \ G qjqQ` I Y�[ T�n L `



���

r&I � ��� �
�
� � � �

� 	 �
 � � � � � � � � � � � �

r&I � ��� �
�
� � � �

� 	 �
 � � � � � � � � � � �r&I � ��� �
�
� � � �

� 	 �
 �
"�� � � �

"�� � � � � � � 	 	 �

C a I^LVU�KjI c(` I+K � �6K T ` LVK�LVU�GJL LVU�KkI [ noU�L � UfGWT Y�\][RY K ` g � � 	 	 � q GWT b K b I ` �WKQT Y�` � T �

r&I � ��� � � � � � 	 �
 � � � � � � � � � � �r9I � ��� � � � � � 	 �
 �
"�� � � �

"�� � � � �

r&I � � 	 ��� � � � � � ��r&I � ��� � � � � � 	 �
 � � � � � � � � �r9I � � 	 ��� � � � � � ��r&I � ��� � � � � � 	 �
 �
"�� � � �

"�� �
�

r&I � ��� � � � � � 	 �
 � � � � � � � � �r9I � ��� � � � � � 	 �
 �
"�� � � �

"�� �
� � 	�� �

� U"Kkh�TfGWP \ L+KQe [ T � � 	 ���7I+KQe"P G q K \ \ L+KQe � � �7G b ` v K
	 X�\ LVU [S\ \+[Sc e�Pit [ T vo` P v K \ G l a�` L [ KQT�L
` g�L � `(c a PSL [Sv GWI [ GJL+K � T ` I c GWP Y�[S\ LVI [Rb�a L [R` T \�� LVU [S\ \ LVKje [S\ T ` � qQ`Wc e a L_GJL [R` TfGJPRPSt L+I [Sv8[ GWP 	

�
TBe"I [ T qQ[ e"PRK � [ g �7K �6KQI]K L ` a"\ K�r9N X � � L ` `ob L_G [ TxGWT [ T"hfT [ LVK \ G c e�PRK � L+U�K I+K \+a PiL \

\ U `oa P Y T ` L Y KQe�KQT Y ` TdLVU�K Y I [Sv8[ T�n v GWP a K \ � �
 �
"�� � � �

"�� ��	 �
T e�I+G q L [Rq K � �7K `ob LVG [ TdI]KQP G0L [Sv KQPit
\+c GWPRP \ G c e�PRK \ g I `oc r9N X � � � GJT Y \]` L ` G \]\ K \+\�Y Kje KjT Y KjT q K ` T � �
 �

"�� � � �
"�� � � �7K a�\ K c a P �

L [ e"PRK \ KjL \O` g Y I [iv8[ T�n v GWP a K \ 	

C ` I L+U [R\�q UfGJe"LVKjI �6K � [ PRP a�\ K9g `oa I Y�[S\ L [ T q L \ KjL \�` g v GWP a K \ g ` I � �
 �
"�� � � �

"�� � �Jqj` I+I]K \ e ` T Y�[ T�n
L ` e�I [S` I \ � � � � Y K \+q I [Rb K Y [ T �;K q 	�� 	 y 	 � 	 � U�K 
 � 
 � q UfG [ T [S\�\ L_GJI]LVK Y GJL � % � b tkI+GWT Y�`Wc Pit
\ G c e�P [ T�n � P ` n! #"$� � � P ` n! #" � � �7g ` I K G q U noKjT�K � % � � 	 	 	 � ��G \ G \+a�b�\ L [ L a L+Kkg ` I \ LVKje ��� ��	

4
!% 
!	� Q�'-% / ' G&,�74Q�'-% / ' Q G&' G&)�F I F+' S

} a I q U `o[Rq K \ g ` ImLVU"KHe"I [R` ImefGWI+G c KMLVKjI \ ` g �
 GJT Y � GWI+KJ�

��� " % 	

� � " %
�� z � � z � zoz �
z � zoz � � � z

��

� �
 " %
�� z
z

��

� � " % � � yWz 	



� y

prior σf

σf

fre
q

0.0 0.5 1.0 1.5 2.0

0
50

10
0

15
0

prior σδ

σδ

fre
q

0.0 0.5 1.0 1.5 2.0

0
50

10
0

15
0

prior corr(f,δ)

corr(f,δ)

fre
q

−1.0 −0.5 0.0 0.5 1.0

0
5

10
15

20
25

30

prior µf,µδ

µ

fre
q

−4 −2 0 2 4

0
20

40
60

80

C [ n a I]K � 	 �o��N [R\ L ` noI+G c~\ ` g � zozoz e�I [R` I \ G c e�PRK \ ` g �
 GWT Y �Eb G \ K Y�` TBLVU�KdefGWI+G c KjLVKjI
v GWP a K \�` g	�;K q 	 � 	 � 	 	 	 �"G c e�PSK \O` g���� � L ` e PRKMg L � � ��� � L ` e I [ noU�L � � � �   �� ��� � ��� b�` L+L `oc PRKMg L � �
GJT Y 
 � ` I 
 ��� b�` L+L `oc I [ noU�L �mGJI+K \ U ` � T 	

N [R\ L ` noI+G c(\ g ` I \ G c e�PSK \ g I `oc LVU�K~e�I [S` I Y�[R\ LVI [Sb�a L [R` T \ g ` I ��� � ��� � GWT Y LVU�K qj` I+I]KQPRGJL [S` T

b KjL �6KQKjTxP ` n  #" �$GWT Y P ` n  #" � � � � �   � ��� � � � GWI]K \ U ` � T [ T C [ n 	 � 	 � 	~� `Wc K e�I ` e KjI]L [ K \H` g
L+U�K \ K v GWP a K \ GWI+KkLVUfG0L�L+U�Kjt GWPRP ` � g ` I�G~PRGWI+nWK I+GWT�noK ` g&e `o\+\][Rb PSK 
 � GWT Y 
 � � GWI+KkL `~\+`oc K

Y KQnoI]KQK \ �JK��6K Y L ` �mGWI Y�\ \+c GWPSP����kGWT Y ��� � LVG��WK ��� e�I]K \]a�c K Y nWI+K G0LVKQI�LVUfGWT ��� G $�'-% / '-% �

GJT Y n [Sv KHI `oa noU"PSt a T [ g ` I cDc G \+\ L ` GJPRP#e `o\]\+[Rb PRK � �   � ��� � � v GWP a K \ 	

����� 	 � � 
� �&� �  	���� 	 �  � � 
6��� � � � � �-����� � �

w K GWe"e�P [ K Y L+U�K GWPRn ` I [ LVU c ` gm�8K q 	 � 	 � 	 y L `�\+[Sc a PRGJL [S` T \ � X � � � � �-GWT Y � ��� � Y K \]q I [Sb K Y [ T
�8K q 	�� 	 	 �9a�\+[ T�n K G q U ` gOe�I [R` I \ � � � � G \ `oa I Y I [Sv8[ T�n v GWP a K \ � �
 �

"�� � � �
"�� � G b ` v K 	 C ` I K G q U

\][Rc a P GJL [R` T GWT Y Y I [iv8[ T�n v GWP a K � �6K a�\ K Y � zWzoz e `W\ LVKjI [S` I v GWP a K \ ` g�� P ` n  #" � � P ` n  #" � ��g I `oc
` T�K \ KQK Yx` gmr	N X � � G \H`Wa I \ G c e�P [ T�n v GWP a K \ 	 u \][ T�n ` T�Pit ` T�K \ KjK Y g I `oc r9N X � � e�KQI

Y I [Sv8[ T�n v GWP a K �7G \ Y�` T�K�g ` I qQ`oc e a LVGJL [S` TfGWP	I+KQG \+` T \32 I]K \]a PSL \ [ T � U [Sq U �7K a�\ K Y e `o\ L+K �



� 	

I [R` I \ G c e�PSK \ g I `ocDc a PSL [ e�PSK \ KjK Y�\�[ T `oa I U [ KQI+GWI q U [Sq GWP c(`8Y KQP \ U ` �7K Y P [ L+L+PRK Y�[i� KjI+KjT q K [ T

[ T"g KjI+KQT q K~L+UfGWT B]a�\ L a�\+[ T�n \ G c e�PSK \ g I `oc�` T�K \ KQK Y � I+K \+a PiL \ `Wc~[ L+LVK Y ��	 w K GJe�e�P [ K Y=`oa I

U [ KjIVGWI q U [Rq GWP c(`8Y KQPfL ` KQG q U Y GJLVG \ KML �;\ G c e�P [ T�n g I `oc LVU�K-e `o\ LVKjI [R` I Y�[S\ LVI [Rb�a L [R` T~K v KQI^t �Wz
[ LVKjIVGJL [R` T \m` g LVU�K 
 � 
 � q UfG [ T GJg L+KQIOG � � zozoz I a T b�a I]T � [ T 	

4
!#"$!% 0:FHG&, �$D � � G&' F17�� 
�'-' / ' /ed 
�S I�%()4GJI F S

� U�K c K GWT � \ l a GJI+K Y � KQI]I ` I � 
 � � � ` g L+U�K)U [ KQI+GWI q U [Rq GJP c(`8Y KQPkI+K \+a PiL \ g ` I K \ L [Rc GJLVK \ ` g

P ` n! #" � � P ` n! #" � � P ` n! #"$� � GWT Y P ` n  #" � � � U�KjT a"\+[ T"n LVU�K c K Y�[ GWT G q I `o\]\ e `o\ LVKjI [R` I \ G c e�PSK \

G \ G�e `o[ T�L-K \ L [Rc GJLVK ` g9K G q U efGJIVG c KjL+KQI-e�KQI-noKQT�K � GWI+K \ U ` � T [ T � G b PSK � 	 � 	 � KQn�GWI Y PRK \+\
` g � U [Rq U ` g6L+U�K e�I [S` I efGWI+G c KjLVKjI \ � � � � [S\ a�\ K Y)[ T � �
 �

"�� � � �
"�� � � K \ L [Sc G0LVK \k` g6P ` n  #" � GWT Y

P ` n! #" � UfG v K P ` �7KjI 
 � � L+UfGWT K [ L+U�KQI ` g&P ` n! #" � ` I�P ` n! #"$� 	 � U [R\O\ U ` � \ L+UfGJL�e KjI q KjT�L_GWnoK

KQI+I ` I [ TBK \ L [Rc GJLVK \ ` g � GJT Y � GWI]K \+c GWPRPSKQIkLVUfGWTBg ` I � GWT Y � 	 u \][ T�n L+U�K�efGWI+G c KjLVKjI \

` g	e�I [S` I \ � ��GWT Y � � G \ Y I [Sv8[ T"n v GWP a K \ n [iv K \ G P ` �7KjI 
 � � L+UfGWT a�\][ T�n�e"I [R` I \ ��GWT Y � � � 	

� U [R\ [S\ e�I `ob G b PSt b K q G a"\ K(e�I [S` I \ � ��GWT Y � � UfG v K v GWP a K \ ` g��
 �
"�� GWT Y�� �

"�� q P `o\ KjIkL ` LVU�K
LVI a K v GWP a K \ma�\ K Y L ` nWKQT�KjIVGJL+K�LVU�K Y GJL_G � GWT Y L+U�K [Rc e ` I]LVGWT q K \ G c e�P [ T�n GWe�e�I ` G q U �6K a�\ K

c~[ noU�L b KkK��"e�K q LVK Y L ` b�[ G \ K \ L [Sc GJL+K \ L ` �7GWI Y�\ L+U�K \ K��
 �
"�� � � �

"�� 	



� �

� G b PSK � 	 �o� 
 K GJT � �;l a GJI+K Y � � I+I ` I-g ` I \+[Rc a P GJL+K Y nWKQT ` L
t8e�K \ b G \ K Y ` T X g I [Sq GWT � X-c KQI [Rq GWT
D0FHGJILILKMFNDPORQ�S Y G0L_GdI+K \]a PSL \���a�\+[ T�n g `oa I Y"[S� KQI+KjT�L e�I [R` I \ [ T)r9N X � � G \HY I [iv8[ T�n v GWP a K \H[ T
L+U�KkU [ KjIVGWI q U [Rq GWP c(`;Y KQP \ G c e"P [ T"n \+q U�K c K
	

P ` n  #" �� P ` n  #" �� P ` n  #" �� P ` n  #" ��
� X �7g % y 	 z � ��

e�I [S` I � z 	 � � � z 	 z � � z 	 { 	 { z 	 z � �
e�I [S` I � � z 	 y � � z 	 z��Wz z 	 	 ��� z 	 z � z
e�I [S` I � � � z 	 { 	 z z 	 z � � z 	 { � z z 	 ��� �
e�I [S` I � � z 	�� � { z 	 z � z z 	 � y�� z 	 z ���

� � �7g % y 	 z � ��
e�I [S` I � z 	 { � y z 	 z��W{ z 	 {W{ � z 	 ��� �
e�I [S` I � � z 	 	 � � z 	 zo{ � z 	 	 �oy z 	 ��� y
e�I [S` I � � � z 	 � z � z 	 z � 	 z 	 � � 	 z 	 � � �
e�I [S` I � � z 	�� � � z 	 zo{o{ z 	 	 � � z 	 � 	 �

� ��� �� � �� IVGWT Y�`oc
e�I [S` I � z 	 �Wz � z 	 z��W{ z 	 {oy 	 z 	 ��� �
e�I [S` I � � z 	 	 	 � z 	 z���� z 	 � yW{ z 	 ��� z
e�I [S` I � � � z 	 � � � z 	 z���� z 	 { � � z 	 � yW{
e�I [S` I � � z 	 	 � 	 z 	 zo{ � z 	 � � � z 	 ��� �

4
!#"$!#" � G&'+%LG�"3% K % I '/G&,�7 0 FHG&, 
 S I�%()4GJI F S d / ' � � �

� U"K Y KQT \][ L [ K \ ` g�e `W\ LVKjI [S` I \ G c e�PSK \ ` g���� GWT Y ��� g ` I \+[Sc a PRGJL [S` T \ � X � � � ���mGJI+K \ U ` � T [ T
C [ n 	 � 	 y 		r `o\ LVKQI [R` I Y�[S\ LVI [Rb�a L [R` T \ ` g ����GWI]K [ T \ LVI ` T�n qj` T qj` I Y GJT q K G q I `o\+\OY I [iv8[ T�n v GWP a K \
g ` IsK G q U \+[Sc a PRGJL [S` T � �fGWT � [ T�n L+U�KmLVI a K \ L_GJT Y GWI Y~Y K v8[ GJL [R` T ` g L+U�K \+[Rc a P GJL+K Y v GWP a K \ 	 � U�K
Y"[R\ L+I [Sb�a L [S` T \ g ` I ���(GJI+K PSK \+\ e�I+K qQ[S\ K 	 � U�K e `W\ LVKjI [S` I Y"[R\ L+I [Sb�a L [S` T � GWT � \ LVU"K LVI a K v GWP a K
g ` I \][Rc a P GJL [R` T � ��� � g ` I � U [Rq U \+[Rc a P GJL+K Y ��� % z 	 ��� �0` T�Pit � U�KQT e�I [S` I \ �<GWT Y � � � � g ` I � U [Rq U

� �
"��
� % z 	 � � � GJI+K a�\ K Y G \*Y I [Sv8[ T�n v GJP a K \ 	 C ` I�e�I [R` I \ � ��GWT Y � � � g ` I � U [Sq U � �

"��
� % z 	 � � L+U�K v G \ L

c G B]` I [ L
t ` gmLVU�K~e `W\ LVKjI [S` I Y"[R\ L+I [Sb�a L [S` T g ` I \+[Rc a P GJL [R` T � ���kg GWPSP \kb KjP ` � L+U�K~L+I a K v GJP a K
	

� U"K e `o\ LVKjI [R` I Y�[S\ LVI [Rb�a L [R` T \6` g�����g ` I \+[Rc a P GJL [R` T \ � X �7GJT Y � � �6GWI+K qj` T \][RY KjIVG b Pit�U [ noU�KjI
L+UfGWT LVU�KkLVI a LVU � ����% z � g ` I-GJPRP g `oa I Y I [Sv8[ T"n v GWP a K \ 	mw U [ PSKkL+U�K e"I [R` I [ T `Wa I�U [ KQI+GWI q U [Rq GJP

c(`8Y KQP Y�` K \ T ` L7GWPRP ` ��g ` I ����% z �![ L Y�` K \ GJPRP ` ��g ` I v GJP a K \ G \6\+c GWPRP�G \ � z 	 � � \ KQK C [ n 	 � 	 � ��	



� �

0.0 0.2 0.4 0.6 0.8 1.0

0
5

10
15

20

posterior σf

σf

De
ns

ity

I
II
III
IV

0.0 0.2 0.4 0.6 0.8 1.0

0
5

10
15

20

posterior σδ

σδ

De
ns

ity

C [ n a I+K � 	 y �~N [ KjIVGWI q U [Rq GWP � c~`8Y KQP&e `o\ LVKQI [R` I \ G c e�PSK \ ` g ��� � L ` e
�HGWT Y ��� � b ` L]L `oc � � g ` I
\+[Rc a P GJL [R` T \ � X � � b PRG q � � � � � � � noI+KjKQT
� � GJT Y � ��� � b P a K � �ma�\+[ T�nxKQG q U ` gke�I [R` I \ � � � ��G \
Y I [iv;[ T�n v GWP a K \ � \ KQKke�P ` L PRKjnoKQT Y ��	 � U�K \+` P [RY v KQI^L [Rq GWP<P [ T�K \ I+KQe"I+K \ KQT�L-L+U�K LVI a K ��� GWT Y ���
g ` I�K G q U \][Rc a PRGJL [S` T�� ��� % z g ` I \+[Sc a P G0L [R` T \ � X ��GWT Y � � � ��	 � U�K Y G \ U�K Y v KjI]L [Sq GWP*P [ T"K \
I+KQe"I+K \ KQT�L�L+U�K v GWP a K \-` g�� �

"��
� ` I � �

"��
� a�\ K Y [ T e�I [R` I \ � GWT Y � � � 	 � U�K Y�` L+L+K Y v KQI^L [Rq GWP P [ T"K \

I+KQe"I+K \ KQT�L LVU�K v GJP a K \ GWT Y � �
"��
� ` I � �

"��
� a�\ K Yd[ T�e�I [R` I \ � �6GJT Y � � 	 � ` LVK�LVUfGJL6LVU `Wa noU LVU"KQI+K

[R\ qQ` T \+[RY KQIVG b PRKkT `o[S\ K [ T
��� K \ L [Sc G0LVK \�� ���-GJe�e KQGWI \ L `(b KHK \ L [Rc GJLVK Y l a�[ LVK �7KjPRP<g ` I LVU"K \ K
\+[Rc a P GJL [R` T \ 	 �
T G Y�Y"[ L [S` T � e `o\ LVKQI [R` I \ G c e�PRK \ ` g����~GWe�e�K GWI L ` b K b KML �7KjKQT=LVU�K LVI a K ���
GWT Y L+U�K � �

"��
� a�\ K YB[ T=L+U�K Y I [Sv8[ T�n v GWP a K � \+a nonoK \ L [ T�n L+U�KQI]K [R\k\]`oc K c(`;Y KjIVGJL+K \][ noT�GWP [ T

LVU�K Y GJLVG g ` I K \ L [Rc GJL [ T�n v GWI [ G b"[ P [ L
t [ T�� 	



� {

N ` �7K v KQI � T ` T"K ` g*LVU�K Y�[R\ LVI [Sb�a L [R` T \ ` g*e `W\ LVKjI [S` I ��� g ` I \][Rc a P GJL [R` T \ � X � GWT Y � � � qQ`oc K
v KQI^t q P `W\ KmL ` L+U [R\ P ` �6KQI b�`oa T Y 	 �
T qQ` T�LVI+G \ L � � U�KQT��7K a�\ K Y GJT~GJPSLVKjI+TfG0L [Sv K Y I [iv8[ T�n v GWP a K

� [ LVU � �
"��
� % z 	 y � LVU�KOe `W\ LVKjI [S` I Y KQT \][ L [ K \	` g ��� Y�[RY I+K G q U � z 	 �Og ` I	K G q U ` g \+[Sc a PRGJL [S` T \ � X �

GJT Y � � � � I]K \]a PSL \O`Wc~[ L+LVK Y ��	
� L c G��WK \�\]`oc K [ T�L a�[ L [Sv K \ KQT \ K L+UfGJL `oa I c(`;Y KjP � `Wa P Y UfG v K G Y K q KjT!L�G b�[ P [ L
t(L ` e [Sq �

a e(e�GJL+L+KQI+T \	` g U [R\ L ` I [Sq GWP;I+K qQ`oc b"[ TfGJL [R` T b�a L \+`Wc K Y"[A@(qQa PiL
t [ T qQ` I]I+K q LVPit q I]K Y�[ L [ T�n�LVU�K \ K

e�GJL+L+KQI+T \ L ` q I `o\+\]` v KQI	GWT Y nWKQT�K qj` T v KQI \+[S` T � n [iv KQT \]`oc K ` g LVU�K \][Rc([ P GJI [ L [ K \<q I `W\+\+` v KQI	GWT Y

nWKQT�K qj` T v KjI \+[S` T$UfG v K ` Txe�GJL+L+KQI+T \ ` g � p 	 � U [S\ G b�[ P [ L
t � `oa P Y I+K \+a PiL [ T c~` I]K�I]KQP [ G b PSK

[ T"g KQI]KQT q K ` T G \ e K q L \	` g � �!\+a�q U G \ ��� � L+UfGWT ` T�G \ e�K q L \7` g � �!\+a�q UdG \ ��� � G \ LVU�K�G qQqja IVG0LVK

K \ L [Rc GJL [S` T ` g � q I [ L [Rq GWPRPit Y KQe�KQT Y�\(` T qQ` I]I+K q LVPit Y�[i� KjI+KQT�L [ GJL [ T�n � p e�GJL+L+KQI+T \ G \ noKjT�K

qj` T v KjI \+[S` T \ ` I q I `o\]\+` v KjI \ 	 N ` �6K v KjI � �7K Y�` T ` LVK LVUfGJL(LVU"K e `o\ L+KQI [S` I Y KQT \+[ L [ K \�` g ���

g ` I K G q U \+[Sc a P G0L [R` T�GWT YdY I [Sv8[ T�n v GWP a K e�I]K Y�`oc([ T�GWT�LVPSt~P [ K b KjL �6KQKQT LVU�K�L+I a K ��� GJT Y L+U�K

Y I [Sv8[ T�n v GWP a K � �
"��
� �<\]a nonoK \ L [ T�n LVU"KQI+K [S\ T ` T"KjLVU"KQPRK \+\k\+`Wc K c(`8Y KQI+GJLVK \][ noT�GWP [ T LVU�K Y G0L_G

G b `oa L v GJI [ G b�[ P [ L
t [ T�� 	

� U�K Y KQT \][ L [ K \	` g�e `o\ L+KQI [R` I \ G c e�PSK \6` g 
 � GWT Y 
 �9g ` I \][Rc a P GJL [R` T \ � X � � � ���9GWI]K \ U ` � T
[ T C [ n 	 � 	 	 	 �7` L+U 
 �~GWT Y 
 �kGWI+K a T Y KjI+K \ L [Sc G0LVK Y g ` IkK G q U ` g \+[Rc a P GJL [R` T \ � X � � � ��� � I+K �
noGWI Y PSK \]\H` g6L+U�K Y I [Sv8[ T�n v GWP a K a�\ K Y 	 C ` I K G q U ` g	LVU�K \ K \+[Rc a P GJL [R` T \�� I+GJLVK \ ` g q I `o\+\]` v KQI

GJI+KHK \ L [Rc GJLVK Y l a�[ L+K �6KQPSP � K 	 n 	 \ KQK � G b PRK � 	 � � � � U [ PSK I+GJLVK \-` g9noKjT�K qj` T v KjI \+[S` T GWI]K qQ` T �
\][R\ LVKQT�L+PSt a T Y KQI]K \ L [Rc GJLVK Y � G I]K \+a PSL �7K qQa I+I+KjT�LVPSt U�G v K~T ` K��"e"P GWTfG0L [R` T g ` I�	 u T�P [ �JK L+U�K
e `o\ LVKQI [R` I Y KQT \+[ L [ K \�` g ��� � e `W\ LVKjI [S` I Y KjT \+[ L [ K \�` g 
 � GWT Y�
 � GWI+K T ` L b KjL �6KQKjT LVU"K LVI a LVU

GJT Y LVU"K�I+K \ e�K q L [Sv K 
 a�\ K Y�[ T�L+U�K Y I [Sv8[ T�n v GJP a K
	 u \][ T�n GJPSLVKjI+TfG0L [Sv K-e�I [R` I \7[ T�LVU�K-U [ KjIVGWI �
q U [Rq GJP c(`;Y KjP �o\]a�q U~G \&[ T q I+KQG \+[ T�n � " \]` LVUfG0L&LVU�K e�I [R` I \s` T 
 �OGWT Y 
 �sGWI+K T�KQGWI+Pit a T [ g ` I c �

Y"[RY T ` L UfG v K c a"q U ` g*GWT K � K q L ` T e `o\ L+KQI [R` I Y KQT \][ L [ K \ ` g �
 	

����� 	 � � 
� �&� �  	���� 	 � � � � � 
!� ��� � �

w K GWe"e�P [ K Y `oa IsU [ KjIVGWI q U [Rq GWP c~`8Y KQP8L ` L+U�K X g I [Rq GWT � X�c KjI [Sq GWT GWT Y � � r9N e ` e a P GJL [R` T \*` g

L+U�K D0FHGJI�ILKMFNDPORQ Y GJL_G \ KjL a�\][ T�n LVU�K	efGWI+G c KjLVKjI v GJP a K \�` g"e�I [S` I \ � � � � ` g �;K q 	 � 	 � 	 	 G \�Y I [Sv8[ T�n
v GWP a K \ 	�w K \ G c e�PSK Y e `o\ LVKjI [R` I v GWP a K \ K v KjI]t �Jz [ L+KQIVG0L [R` T \ ` g&LVU�K 
 � 
 � q UfG [ T GJg LVKjI�G



� �

−0.4 −0.2 0.0 0.2 0.4

0
5

10
15

20

posterior µf

µf

De
ns

ity

I
II
III
IV

−0.4 −0.2 0.0 0.2 0.4

0
5

10
15

20

posterior µδ

µδ

De
ns

ity

C [ n a I+K � 	 	 ��N [ KjIVGWI q U [Rq GWP � c~`8Y KQP	e `o\ L+KQI [S` I \ G c e"PRK \ ` g 
 � � L ` e
� GWT Y 
 � � b�` L+L `oc � � g ` I
\+[Rc a P GJL [R` T \ � X � � b PRG q � � � � � � � noI+KjKQT
� � GJT Y � ��� � b P a K � �ma�\+[ T�nxKQG q U ` gke�I [R` I \ � � � ��G \
Y I [iv;[ T�n v GWP a K \ � \ KQKke�P ` L PSKQnoKjT Y ��	 � U"K \]` P [SY�v KjI]L [Rq GJP P [ T�K \ I]KQe�I]K \ KQT�L�L+U�K LVI a K 
 �HGWT Y 
 �
g ` I K G q U \][Rc a P GJL [R` T 	6r&I [S` I \ � GWT Y � � a"\ K 
 �

"��
� % � 	 z ��
 �

"��
� � � � 	 � 2 e�I [R` I \ � � � GJT Y � � a�\ K


 �
"��
� % z 	 { � 
 �

"��
� � � � 	 � � GWPRP v GWP a K \7`Wa L ` g IVGJT�noK ` g<L+U�K e�P ` L G b�` v K ��	 �7` L+U 
 �kGWT Y 
 �7GWI+K

a T Y KjI+K \ L [Sc GJL+K Y g ` I K G q U \][Rc a PRGJLVK YdY GJL_G \ KjLOI]KQn�GWI Y PRK \+\ ` g LVU�K Y I [Sv8[ T"n v GJP a K a�\ K Y 2 b�` LVU
GWI+KkG I+K \+a PiL ` g�L+U�K c~`8Y KjP a T Y KjI+K \ L [Sc G0L [ T"n IVGJL+K \ ` g�noKQT�K qQ` T v KQI \+[R` T 	



���

�Jzozoz I a T b�a I]T � [ T 	�w)K e"I+K \ KQT�LkLVU�K I+K \]a PSL \ [ T L+U [R\-\ K q L [S` T 	 w)K T ` LVK L+UfGJL-I+K \]a PSL \ �7KjI+K

v KQI^t \][Rc([ PRGWI � U�KjT �6K IVGJT LVU"K q UfG [ T � z L [Rc K \ P ` T�noKQI � � z L [Rc K \ \ U ` I]L+KQI � ` I \ G c e�PSK Y � z
L [Rc K \ G \*c GWT�t v GWP a K \ � I+K \]a PSL \*`oc([ L]LVK Y ��	�N ` �6K v KjI � g ` I K G q U Y I [Sv8[ T�n v GWP a K �J[ T"g KjI+KQT q K �7G \
\]a�b L+PSt Y"[S� KQI+KjT�L b KML �7KjKQT�I a T \ � U�KjT(L+U�K e `o\ L+KQI [S` I \ G c e"PRK \ g I `oc Y�[S� KQI]KQT�L	r9N X � � \ KjK Y�\

�6KQI]K a�\ K Y�[ T(L+U�K-U [ KQI+GWI q U [Sq GWP c(`;Y KQP 	 � U�KjI+Kjg ` I+K � g ` I9K G q U ` g LVU�K X g I [Rq GJT � X�c KjI [Rq GWT(GWT Y
� � r9N e ` e a P GJL [R` T \ GWT Y g ` I K G q U � �
 �

"�� � � �
"�� � � �6K a�\ K Y L+U�K qj`oc b�[ T�K Y e `o\ L+KQI [S` I \ G c e�PRK \

` g h v K Y"[S� KQI+KjT�L r9N X � � \ KQK Y�\���a"\+[ T"n � zozoz \ G c e�PSK \ e�KQI \ KjK Y e�KQI7nWKQT�K � G \m`Wa I \ G c e�P [ T�n
v GWP a K \ ` g P ` n! #"&��GWT Y P ` n! #" �d[ T L+U�K U [ KQI+GWI q U [Sq GWP c(`;Y KQP 	dw K�T ` L+K � U ` �6K v KQI � L+UfGJL L+U�K

` v KQIVGJPRP [ T"g KjI+KjT q K GWT Y qQ` T q P a�\][R` T \ �6K c G��WK � `oa P Y b KkLVU"K \ G c K a�\][ T�n ` T�Pit ` T�K \ KQK Y ` g
r9N X � � g ` IOKQG q U Y I [iv;[ T�n v GWP a K � �
 �

"�� � � �
"�� ��	

4
!	� !% 0 FHG&, S /ed � � �

r `o\ L+KQI [R` I Y KQT \+[ L [ K \ ` g 
 � GWT Y�
 �HGWI+K \ U ` � T [ T C [ n 	 � 	�� 	�r `W\ LVKjI [S` I Y"[R\ L+I [Sb�a L [S` T \ ` g 
 �
GJe�e KQGWI qQ` T \][R\ LVKQT�L�G q I `o\+\�Y I [iv;[ T�n v GJP a K \ g ` IOK G q U e ` e a P G0L [R` T � � [ L+U X g I [Rq GWT � X-c KQI [Sq GWT \
U�G v8[ T�n G�U [ noU�KjI v GWP a K 	 � U [R\�[R\ GWT K��;e�K q LVK Y I]K \+a PSL&GJT Y P [ �WKjPStkI+K.�fK q L \ L+U�KmU [ noU�KjI�K � K q L [iv K
e ` e a P GJL [R` T \+[R| K ` gkLVU�K X g I [Sq GWT � X-c KQI [Rq GJT e ` e a PRGJL [S` T 	 � U�K c K Y�[ GWT ` gHe `W\ LVKjI [S` I 
 �

\ G c e�PRK \ IVGWT�nWK \ g I `oc G b `Wa L z 	 z���z 	 	 �<[ 	 K
	 � � � 	 z���y 	 � � g ` I�LVU�K X g I [Rq GWT � X-c KQI [Sq GWT \ GWT Y
g I `oc G b�`oa L �
z 	 	 ��z 	 � �<[ 	 K
	 � � z 	 � � � 	 	 � g ` I � � r9N � G \+\]a�c([ T�n G�LVIVG q LHPRKjT�nWLVU ` g�� zoz b e 	
� U"K \ K v GWP a K \9` g � GWI]K \+[Rc([ PRGWI�L ` � UfGJL �mG \ g `oa T Y(v8[ GHr9N X � � [ T �7U�GWe"LVKjI � GWT Y~\ P [ nWU!L+PSt
\]c GJPRPRKjI6L+UfGWT � UfGJL �7G \ g `oa T Ydv8[ G r X � [ T �7UfGJe"LVKjI 	 	&w)K T ` LVK�g I `Wc LVU"KHI]K \]a PSL \ ` g�L+U�K

\][Rc a P GJL [R` T \9[ T��;K q 	 � 	 y 	 y L+UfGJL7L+U�K \ K v GWP a K \ P [ �JKQPSt a T Y KQI]K \ L [Rc GJL+K-LVU�KOLVI a K � � e KjI+UfGJe \mb t
G�g G q L ` I ` g�� y � 	 	 w U�KQT c a PSL [ e�P [ K Y b t � K
	 n 	 � y 	 � � L+U�K~I]K \]a PSL \ GJI+K c~` I]K \+[Rc([ PRGWI�L ` L+U�K
I]K \]a PSL \O` gsr X � [ T �7UfGJe"LVKjI 	 � � U [Rq U GWI+Kke�I `ob G b PSt c(` I]KkG qQqja IVGJL+K 	

4
!	� !#" � G&'+%LG�"3% K % I ' %(,�� � �

� U"K e `W\ LVKjI [S` I Y KjT \+[ L [ K \�` g ���(GWT Y ���-g ` I D0FHGJILILKMFNDPORQ�S-GWI+K \ U ` � T [ T C [ n 	 � 	 � 	 C ` IOK G q U
e ` e a P GJL [R` T � LVU"K e `o\ LVKjI [R` I Y KjT \+[ L [ K \ GWe�e�K GJI qQ` T \+[RY KQIVG b PSt c~` I+K qj` T \+[S\ L+KQT�L	G q I `o\+\&Y I [Sv8[ T�n

v GWP a K \ g ` I����9LVU�GWT(g ` I���� � � U [Sq U [S\ T ` L \+a I]e�I [S\+[ T�n b G \ K Y�` T LVU"K \][Rc a PRGJL [S` T I]K \+a PSL \ 	 � U�K



� �

−0.4 −0.2 0.0 0.2 0.4

0
5

10
15

20

posterior µf

µf

De
ns

ity

Af−Amer (I)
CEPH (I)
II
III
IV

−0.6 −0.4 −0.2 0.0 0.2 0.4

0
5

10
15

20

posterior µδ

µδ

De
ns

ity

C [ n a I+K � 	����sN [ KjIVGWI q U [Rq GWP � c~`8Y KQP8e `o\ L+KQI [S` I \ G c e�PSK \9` g 
 � � L ` e
�&GWT Y�
 � � b ` L]L `oc � � g ` I&LVU�K
X g I [Sq GWT � X-c KQI [Rq GWT � X�X � � I]K Y � GJT Y � � r9N � � X � � q t�GWT�� e ` e a P GJL [R` T \ ` g D0FHGJILILKMFNDPORQ�S �
a�\+[ T�n�K G q U ` g	e�I [R` I \ � � � � G \�Y I [iv8[ T�n v GWP a K \ � \ KjK(e"P ` L-PRKQnWKQT Y ��	 r&I [S` I � a�\ K \ 
 �

"��
� % � 	 z

GWT Y�
 �
"��
� � � � 	 � � X�X � � � � 	 � � � X � 2 e�I [R` I � � a�\ K \ 
 �

"��
� % � 	 z GWT Y 
 �

"��
� � � � 	 � � X-X � � � � 	 {

� � X � 2 e�I [R` I \ � � �9GWT Y � � a"\ K 
 �
"��
� % z 	 { GWT Y 
 �

"��
� � � � 	 � � X-X � � ��y 	 z � � X � � GWPSP v GWP a K \6`oa L

` g*I+GWT�noK ` g�L+U�Kke�P ` LOG b ` v K ��	



� zoz

0.0 0.2 0.4 0.6 0.8 1.0

0
5

10
15

20

posterior σf

σf

De
ns

ity

Af−Amer (I)
CEPH (I)
II
III
IV

0.0 0.2 0.4 0.6 0.8 1.0

0
5

10
15

20

posterior σδ

σδ

De
ns

ity

C [ n a I]K � 	 � �&N [ KQI+GWI q U [Sq GWP � c(`;Y KQP"e `o\ LVKQI [R` I \ G c e�PRK \6` g ��� � L ` e
�9GWT Y ��� � b ` L]L `oc � � g ` I9L+U�K
X g I [Sq GWT � X-c KQI [Rq GJT � I+K Y � GWT Y � � r9N � q t�GWT
� e ` e a PRGJL [S` T \ ` g D0FHGJI�ILKMFNDPO Q S � a�\][ T�n(K G q U ` g
e"I [R` I \ � � � � G \	Y I [iv8[ T�n v GWP a K \ � \ KQK-e"P ` L9PSKQnoKjT Y ��	 � U�K Y G \ U�K Y~v KjI]L [Rq GJP�P [ T�K \ I+Kje�I+K \ KQT�LmL+U�K
v GWP a K \6` g � �

"��
� GWT Y � �

"��
� a�\ K Yd[ T~e�I [S` I \ �6GJT Y � � � 	 � U�K Y�` L+L+K Y v KQI]L [Rq GWP#P [ T�K \ I]KQe�I]K \ KjT�LOL+U�K

v GWP a K \ ` g�� �
"��
� GWT Y � �

"��
� a�\ K Y [ Tde�I [S` I \ � �mGWT Y � � 	



� z �

Y KQT \][ L [ K \~` g ��� ` v KQI]P GWe \]a�b�\ L_GWT�L [ GWPRPit b KML �7KjKQT e ` e a PRGJL [S` T \ G q I `o\+\�Y I [iv;[ T�n v GJP a K \�� G \

G I+K \+a PiL ` g \ U�GWI+K Y GWT q K \ L+I]t b KjL �6KQKjT�L+U�K e ` e a PRG [ L [R` T \ GJT Y
�J` I G I+K.�fK q L [R` T)LVUfG0L IVGJL+K \

[ T Y"`oa�b PSK � \ LVI+GWT Y � b I+KQG�� \ v GJI]t GJL \][Rc([ P GJI c GWnWT [ L a�Y K \ g ` I b�` L+Uxe ` e a P G0L [R` T \ 	 � U�KQI]K [R\

GWP \]` qQ` T \+[SY KQI+G b PRK ` v KQI]P GWe b KML �7KjKQT$e ` e a P G0L [R` T \ g ` I \ G c e"PRK \ ` g���� � efGJI]L [SqQa PRGWI+Pit � U�KjT

qQ`oc efGWI [ T�n Y KjT \+[ L [ K \7Y KjI [iv K Y�a�\+[ T�n L+U�K \ G c K � �
"��
� 	 � L [S\6[ T!L+KQI]K \ L [ T�nHLVUfG0L6L+U�K c G B]` I [ L
t ` g

LVU�K c G \+\ g ` I7GJPRP�����e `o\ L+KQI [S` I Y KQT \][ L [ K \ P [ K b KML �7KjKQT LVU"K�L � ` Y�[S� KQI]KQT�L � �
"��
� v GWP a K \6a�\ K Y [ T

LVU�KHg `oa I Y I [iv;[ T�n v GJP a K \ 	 X-\ LVU�K c G B]` I [ L
t ` g c G \+\ g ` I-GJPRP ��� e `o\ L+KQI [S` I Y KQT \][ L [ K \�[ T `oa I

\+[Rc a P GJL+K Y Y GJL_G \ KjL \ g KjPRP b KjL �6KQKjT L+U�K [ I qQ` I]I+K \ e ` T Y�[ T"n Y I [Sv8[ T�n v GWP a K � �
"��
� GWT Y LVI a K ��� �"[ L

[R\ LVK c e"L [ T�n L `~[ T�LVKjI+e�I]KjL�LVU [S\ L `�c K GWT LVU�KHLVI a K ��� g ` I b�` LVU e ` e a P G0L [R` T \ [R\O\+`oc K�� U"KQI+K

[ TxLVU [R\ IVGJT�noK b KML �7KjKQT z 	 � ��z 	 � � 	BN ` �7K v KQI � n [iv KQT$LVU�GJL `oa I K \ L [Sc GJL+K \ ` g ��� b G \ K Y�` T

LVU�K e `o\ L+KQI [S` I Y KjT \+[ L [ K \ �7KjI+K~T ` L v KjI]t=G qjqQa I+GJLVK [ T L+U�K \+[Rc a P GJL [R` T \ L a"Y t � LVU [S\ I+K c G [ T \

\ e�K qQa P GJL [Sv K
	

�!L [ PSP	L+U�KQI]K [R\ \+`oc K \+a e�e ` I]L g ` I v GJI [ G b�[ P [ L
t [ T � [ T)L+U�K \ K Y GJL_G 	 w K T ` L+K LVUfG0L g ` I

\+[Rc a P GJL [R` T � ��� � LVU�K \+[Sc a PRGJLVK Y Y GJL_G \ KjL � U�KjI+K ��� [S\ c~`o\ L \+[Sc~[ P GWI L ` LVU�GJL ` g `oa I Y GJLVG �
e `o\ LVKjI [R` I Y KQT \][ L [ K \�` g ��� Y�[SY [ T q P a�Y KkLVU�KHLVI a K v GWP a K 	 � g&L+U [R\ v GWI [ G b�[ P [ L
t [R\OqQ` I]I+K q L � GWT Y

G \+\]a�c~[ T�n P ` n! #"&� v GWP a K \ G q I `W\+\ noKjT�K \ GJI+K GWe"e�I ` � [Rc GJLVKjPSt T ` I c GWP �![ L \+a nWnoK \ L \ LVU"K a e�e�KQI

l a GWI]L [ PRK ` g � v GWP a K \ G q I `o\+\ L+U�K noKjT `oc K [R\ e KjI+UfGJe \ � � ��� L [Sc K \ PRGWI+noKjIHL+UfGWTxL+U�K P ` �6KQI

l a GWI]L [ PRK ` g�� v GWP a K \��fqQ`oc efGWI]K Y L ` G IVGWT�nWK ` gse�KQI]UfGWe \ 	 ��� g ` I \+a�q U v GJP a K \ ` g � 	

X T GWPSL+KQI]TfGJL [iv K c KQGWT \ L ` \ L a"Y t [ T�n � U�KMLVU�KjI � c~[ noU�L v GWI^t [ T vo` P v K \&\ L a�Y t [ T�n � GWT Y � 	

� g � �6KQI]K qQ` T \ L_GWT�L � LVU�KjT(K \ L [Rc GJLVK \s` g � GJT Y��H\ U `oa P Y b K e�KQI^g K q LVPSt qQ` I+I+KjP GJL+K Y 	 �
T C [ n a I+K

� 	 { � �6Kme�P ` L�LVU�K6I+K \]a PSL \ g ` I U [ K GWI+GWI q U [Sq GWP c(`;Y KQP!K \ L [Rc GJL+K \ ` gfP ` n  #" � v KQI \+a�\ P ` n  #" � �oa�\][ T�n
LVU�K c K Y�[ GJT ` g&e `o\ LVKQI [R` I \ G c e"PRK \O` g&KQG q U efGJIVG c KjL+KQI�G \-`oa I�K \ L [Sc G0LVKHe KjI�noKjT�K � g ` I LVU�K

X g I [Sq GWT � X-c KQI [Rq GWT GWT Y � � r9N Y G0L_G�g ` I&K G q U ` g�LVU"K g `Wa I Y I [iv8[ T�n v GWP a K \ 	 �
T�G Y�Y�[ L [R` T � �7K

\ U ` � L+U�K b K \ L � h�L P [ T�KQGWI7I]KQnoI]K \]\+[R` T P [ T�K \ g ` I KQG q U D0FHGJI�ILKMFNDPORQ�S Y GJLVG \ KML-GJT Yd\+[Rc a P GJL [R` T \

� X � � � ����	

� U `oa noU K \ L [Sc GJL+K \&` g�P ` n  #" � GWT Y P ` n  #" � GWI+K T ` L&e KjI]g K q LVPit qj` I+I]KQP G0LVK Y g ` I \+[Rc a P GJL [R` T \

� X �	GWT Y � � � � U"KQI+K � [R\6qQ` T \ L_GWT�L � T ` L+K-LVU�GJL7L+U�Kjt \ U ` � G \ LVI ` T�noKQI qQ` I]I+KjP GJL [R` T(LVUfGWT~LVU�K

X g I [Sq GWT � X-c KQI [Rq GWT Y G0L_G�g ` IsGWT�t efGJI]L [SqQa PRGWI Y I [Sv8[ T�n v GWP a K 	 �
T g G q L � LVU�KmI]KQnoI]K \]\+[R` T P [ T"K \s` g



� z�y

−2 −1 0 1

−
2

.0
−

1
.0

0
.0

0
.5

1
.0

1
.5

prior I

log10(ρ)

lo
g

1
0
(γ

)

−2 −1 0 1
−

2
.0

−
1

.0
0

.0
0

.5
1

.0
1

.5

prior II

log10(ρ)

lo
g

1
0
(γ

)

−2 −1 0 1

−
2

.0
−

1
.0

0
.0

0
.5

1
.0

1
.5

prior III

log10(ρ)

lo
g

1
0
(γ

)

−2 −1 0 1

−
2

.0
−

1
.0

0
.0

0
.5

1
.0

1
.5

prior IV

log10(ρ)

lo
g

1
0
(γ

)

Af−Amer
CEPH
f=2.0,ρ
f=2.0,γ
ρ,γ random

C [ n a I]K � 	 { ��N [ KQIVGJI q U [Sq GWP � c(`;Y KjPWK \ L [Sc G0LVK \�` g;P ` n  #" � v KQI \+a�\ P ` n  #"$� �0a�\+[ T�n c K Y�[ GWT \ G q I `W\+\
\ G c e�PRK \ G \ e `o[ T�L�K \ L [Sc GJL+K \ g ` I-KQG q U e KjI�noKjT�K � g ` I�L+U�K�D0FHGJILI�KMFNDPO Q�S X g I [Sq GWT � X-c KQI [Rq GWT
� � � � �9GWT Y � � r9N � � � � � Y GJL_G � U�KQT a�\][ T�n e�I [S` I \ � � L ` e PSKjg L � � � � � L ` e�I [ noU�L � � � � � � b ` L]L `oc
PSKjg L � � GWT Y � ��� b�` L]L `oc I [ noU�L �6G \mY I [iv8[ T�n v GWP a K \ 	 � K \ L � h�L P [ T�K GWI	I+KjnoI+K \+\][R` TdP [ T�K \6` g�LVU�K \ K
K \ L [Rc GJLVK \ GWI]K \ U ` � T�g ` I	LVU�K X g I [Sq GWT � X-c KQI [Rq GWT�� \+` P [RY I+K Y P [ T�K \ �9GWT Y � � r9N � \]` P [SY�b P a K
P [ T�K \ � Y GJLVG � G \ �7KjPRP G \O\+[Rc a P GJL [R` T \ � X � � b P G q � Y G \ U�K Y P [ T�K \ � � � � � � noI+KjKQT Y"` L+L+K Y P [ T�K \ � �
GJT Y � ��� � b P a K Y�` L � GWT Y � Y G \ U�K Y P [ T�K \ ��g ` I�K G q U e�I [R` I�	 � ` T \+[S\ LVKjT�LVPSt G q I `o\+\*Y I [iv;[ T�n v GWP a K \��
L+U�K \ P ` e K \ ` g�L+U�K \ K I]KQnoI]K \]\+[R` T P [ T�K \ GWI+K \+c GWPSPRKQI6g ` ImLVU�K#D0FHGJILI�KMFNDPO Q�S Y GJLVG qQ`oc efGWI]K Y L `
\][Rc a P GJL [R` T \ � X � GJT Y � � � � g ` I � U [Rq U$LVU�K�LVI a K � GWT Y � GWI]Kde KjI]g K q LVPit qQ` I]I+KjP GJL+K Y � GWT Y
PRGWI+nWKQI7L+UfGWT \+[Rc a P GJL [R` T � ��� � g ` I � U [Rq U LVU�K L+I a K � GJT Y�� GWI+K [ T Y Kje KjT Y KQT�L�	



� z 	

LVU�K D0FHGJILI�KMFNDPO Q�S Y G0L_G GWe�e�K GJI L ` b K Y K b GJLVG b PSt c~` I+K qj`oc e�GWIVG b PRK-L ` L+UfGJL ` g \+[Sc a PRGJL [S` T

� ��� � g ` I � U [Rq U \+[Rc a P GJL+K Y � GWT Y�� �7KjI+K [ T Y Kje KjT Y KQT�L+PSt(G \]\+[ nWT�K Y G \9Y K \]q I [Rb K Y�[ T~�;K q 	 � 	 	 	
�
T)G Y"Y�[ L [R` T L+U�KQI]K [S\ qQ` T \][RY KjIVG b PSt c(` I+K v GWI [ G b"[ P [ L
t GWI `oa T Y L+U�K I+KjnoI+K \+\+[S` T)P [ T�K g ` I LVU�K

D0FHGJI�ILKMFNDPORQ�S Y GJLVG L+UfGWTdg ` I K [ LVU�KjI ` g \][Rc a P GJL [R` T \ � X �mGWT Y � � � � I+K \]a PSL \ `oc~[ L+L+K Y ��	

2 F!$5FHGJI 0 � I�GJI�% / , S

�	GWI [ G b�[ P [ L
t [ T K \ L [Sc G0LVK Y � qQ`oa P Y G q L a GWPRPit b K~GWT)GJI]L [ g G q L ` g v GWI [ G b�[ P [ L
t [ T IVGJL+K \H` g7I]K �
e KQGJL c a LVGJL [S` T 	 � Kje KQGJL c a LVGJL [S` T UfG \ G v KjI]t \][Rc([ PRGWI�K � K q L ` T P [ T �0GWnoK Y�[R\ KQl a�[ P [Rb I [Ra�c
� � p �ke�GJL+L+KQI+T \ G \ noKjT�K qQ` T v KQI \+[R` T �9\+` �6K c~[ noU�L K��;e K q L I+Kjn [R` T \ � [ LVU [ T q I]K G \ K Y IVGJL+K \

` g c a LVGJL [S` T L ` G � K q L `oa IHK \ L [Rc GJLVK \ ` g � � U [ PSK(U�G v8[ T�n P [ L+L+PRK K � K q L ` T � 	 } a I c(`;Y KjP

c~[ noU�L-LVU"KQI+KMg ` I+K ` v KQI+K \ L [Rc GJLVK�� [ T \+a�q U=I+Kjn [R` T \ 	 
 KjL+U�t;PRGJLVK Y �7efF noI `Wa e \ GWI]K �!T ` � T
c a L_G0L [R` T U ` L \ e ` L \�� GWT Y � G \ Y"[S� KQI+KjT�L nWKQT�K \ UfG v K Y�[i� KjI+KQT�L G c(`oa T�L \k` g �7e F \ � LVU"Kjt

GWP \]` UfG v K v GJI [ G b PRKmI+GJLVK \9` g c a L_GJL [R` T L+UfGJL c([ noU�L&KjPRK v GJL+K `oa I����-K \ L [Sc G0LVK \ 	�w K I+K c(` v K Y

GWPRP �7e F I]KQn [S` T \�` g `oa I Y G0L_G \ KjLHGWT Y I]K � IVGWT `oa I GWPRn ` I [ LVU c ` T L+U�K I+K Y�a�q K Y Y GJLVG \ KML a�\ �
[ T�n KQG q U ` g�e�I [R` I \ � GWT Y � � G \ Y I [iv8[ T�n v GWP a K \ 	 C ` I L+U [R\ GWT�GWPSt \+[S\ �7K a�\ K Y ` T�PSt � zozoz
e `o\ LVKjI [R` I \ G c e�PRK \ ` gOG \+[ T�noPRK \ KQK YB` g r9N X � � e�KQI Y I [iv;[ T�n v GJP a K~G \ `Wa I \ G c e�P [ T�n \ KjL

[ T L+U�K U [ K GWI q U [Rq GWP c(`8Y KQP 	 � U�K e `o\ L+KQI [R` I Y KQT \][ L [ K \-` g ��� � ��� � 
 � � GWT Y�
 �-GWI+K \ U ` � T [ T

C [ n 	 � 	 � 	 � ` T�K ` g�LVU�K \ K Y KQT \][ L [ K \ \ KjK c L `(b K noI]K GJL+PSt G � K q L+K Y b t�LVU"K I]K c(` v GWP ` g*LVU"K \ K

\+[ L+K \��;\]a nonoK \ L [ T�n L+UfGJL6noKQT `Wc K � � [RY K v GWI [ G b�[ P [ L
t [ T(IVG0LVK \6` g c a LVGJL [S` T [R\ T ` L \+[ nWT [ h q GWT�LVPit
qQ` T�LVI [Rb�a L [ T"n L ` `oa I K \ L [Sc GJL+K Y noKjT `oc K � � [SY K v GWI [ G b�[ P [ L
t [ T�� 	

'RF+, / I ' $�%(, 0 
�'-' / '

X TfGWPRGWn `oa"\ L ` I+Kje KQGJL c a LVGJL [S` T � noKQT ` L
t8e [ T�n KQI+I ` I q GWT UfG v KkG \+[Rc([ PRGWI9K � K q L ` T efG0L+LVKjI+T \

` g�� p G \ noKjT�K qQ` T v KQI \][R` T 	 }�a I K \ L [Sc G0LVK Y�v GWI [ G b�[ P [ L
t [ T�� c G t~LVU�KjI+Kjg ` I+K b K [ T�� GJL+K Yd[ g
LVU�KOPRK v KQP ` g#noKQT ` L
t8e [ T�n KQI]I ` I v GWI [ K \ G q I `o\+\ LVU"K�noKjT `oc K 	 � U [R\	qQ`oa P Y �6KQPSP b K LVU�K q G \ K � G \

\+`oc K�I+Kjn [R` T \m` g LVU�K nWKQT `oc K c G t b K c~` I+K Y�[ @(qQa PiLmL ` G c e�P [ g t~GWT Y�[SY KQT�L [ g t~L+UfGWT ` L+U�KQI

I+KQn [R` T \ 	



� z �

0.0 0.2 0.4 0.6 0.8 1.0

0
5

1
0

1
5

2
0

posterior σf  (CpG)

σf

D
e

n
s
it
y

0.0 0.2 0.4 0.6 0.8 1.0

0
5

1
0

1
5

2
0

posterior σδ  (CpG)

σδ

D
e

n
s
it
y

����� 25��6 3 -.�  ��
������� ���

−0.4 −0.2 0.0 0.2 0.4

0
5

1
0

1
5

2
0

posterior µf  (CpG)

µf

D
e

n
s
it
y

Af−Amer (I)
CEPH (I)
II
I (no CpG)
II (no CpG)

−0.6 −0.4 −0.2 0.0 0.2 0.4

0
5

1
0

1
5

2
0

posterior µδ  (CpG)

µδ

D
e

n
s
it
y

��&'� 25��6 3 -.�  ��
���	��� �
�

C [ n a I]K � 	 � ��r `W\ LVKjI [S` I Y KjT \+[ L [ K \�` g ��� � L ` e PSKjg L � � ��� � b ` L+L `Wc PSKjg L � � 
 � � L ` e I [ nWU!L � � GWT Y

 � � b ` L+L `Wc I [ noU�L � � g ` I L+U�K X g I [Sq GWT � X-c KQI [Rq GWT GWT Y � � r9N e ` e a P GJL [R` T \ ` g D0FHGJILI�KMFNDPO Q�S�	
� K \]a PSL \ GJI+K \ U ` � T g ` IOGWPSP Y GJLVG�� L+U [Rq ��P [ T�K \ � GWT Y g ` I Y GJLVG [ T � U [Sq U GWPSP �7e F \+[ L+K \ UfG v K
b KQKjT I+K c~` v K Y � L+U [ T~P [ T�K \ � �!a�\+[ T�n KQG q U ` g�r9N X � � e�I [S` I \ �9GWT Y � �9G \6Y I [iv;[ T�n v GWP a K \ � \ KQK
h�n a I+K(PRKjnoKQT Y ��	 � ` LVK L+UfGJL [ T"g KjI+KQT q K q UfGWT�noK \ P [ L+L+PRK b Kjg ` I+K~GWT Y G0g LVKQI �7e F I]K c(` v GWP ��[ T
e�GWI]L [RqQa P GWI b Kjt ` T Y LVU�K v GWI [ G b�[ P [ L
t [ T a�\+[ T�n Y�[S� KQI]KQT�L Y I [iv8[ T�n v GWP a K \ 	



� z��

w K \+[Sc a PRGJLVK Y v GWI [ G b PRK	noKjT ` L
t8e [ T"nHKjI+I ` I [ T \+[Rc a P GJL+K Y Y GJL_G \ KjL \ � X � � � � � � GJT Y � ��� b t
q UfGWT�n [ T�nkLVU�K-� � r qj` T"hfn a IVGJL [R` T \9` g GHg K�� \ KjPRK q LVK Y noKQT ` L
t8e K \ e�KQI	noKQT�K
	sw)K Y�[SY LVU [R\9[ T

G c GWT�T�KjIOL+UfGJL-GJL+L+K c e"L \ L `~c~[Sc~[Sq LVU"K K��"e�K q LVK Y ` v KQI+GWPRP noKQT ` L
t8e [ T�n~KQI]I ` I [ TdLVU�K4D0FHGJI �

I�KMFNDPO Q Y G0L_G 	 C ` IsK G q U(noKjT�K � L+U�K e�I ` e ` I^L [S` T ` g#� � r \ � [ L+U KQI]I ` I �7G \ IVGWT Y�`oc PSt \ KjPRK q LVK Y
g I `oc G u T [ g ` I c � z � � ��	 C ` I KQG q U�� � r � [ LVU [ TxG nWKQT�K \ KQPSK q L+K Y g ` IHKQI]I ` I � �6K q U `o\ K LVU�K

T a"c b KjI ` g&nWKQT ` L
t8e�K \�� % � � y � 	 � � � 	 	 	 `oa L ` g �x[ T Y�[Sv8[SY�a GWP \�� L ` b K GWPiLVKjI+K Y b G \ K Y ` T e�I `ob �
G b�[ P [ L [ K \ LVU `oa noU�LkL ` b K I]KQe�I]K \ KQT�L_GJL [Sv K ` g6KQI]I ` IkIVG0LVK \k[ T D0FHGJILILKMFNDPORQ�S � � [ T Y Pit e�I ` v;[SY K Y
b t 
 	 � b KQI]PRK
	 F [Sv KQT G T a�c b KQI ` g	noKjT ` L
t8e�K \ L `�b K GWPiLVKQI]K Y � �7K e�I]Kjg KjI+KQT�L [ GWPSPSt \ KjPRK q LVK Y

U `oc(`o| t8n `oa"\ noKjT ` L
t8e K \ GWT Y�c([R\]q GWPSPRK Y LVU"K c U�KjL+KQI `W| t8n `oa�\��fb G \ K Y�` T I+GJLVK \ e�I ` v8[SY K Y�b t


 	 � b KQI]PRK 	 C [ TfGJPRPSt � � �7G \7q U `W\ KQT \]` L+UfGJL	LVU�K ` v KQI+GWPRP noKjT ` L
t8e [ T"n KQI]I ` I	IVG0LVK �7G \ � z 	 � � �
LVU�K ` v KQI+GWPRPfKjI+I ` I6I+GJLVKOK��;e�K q LVK Y�[ T LVU�K D0FHGJI�ILKMFNDPO Q S Y GJL_G�� rsLVG�� KjL7GWP 	 � yWzoz � ��	 � U [R\ n [Sv K \
G Y�[S� KQI]KQT�L IVGJL+K ` g noKjT ` L
t8e [ T"n(KjI+I ` I7g ` ImKQG q U noKQT�K � G \+q KQTfGJI [R` L+UfGJL c([ noU�LmG q L L ` c~[Sc~[Sq

v GJI [ G b�[ P [ L
t [ T�� 	

w K�GWe�e�P [ K Y LVU [R\ noKQT ` L
t8e [ T�n KQI]I ` I \+q U"K c K�L ` K G q U ` g \][Rc a P GJL [R` T \ � X � � � � � � GJT Y � ��� �
a�\+[ T�n �$% z 	 y 	sw KkIVGWT�L+U�K \ K GWPiLVKjI+K YdY G0L_G \ KjL \ L+U�I `oa noU�LVU�KkU [ KQIVGJI q U [Sq GWP c(`8Y KQP \ G c e�P [ T�n

\+q U�K c K a�\][ T�nHK G q U ` g e�I [S` I \ �*GWT Y � �*G \9Y I [iv8[ T�n v GWP a K \ 	 C ` I&K G q U Y I [Sv8[ T�n v GWP a K � �6K a�\ K Y

� zozoz e `o\ L+KQI [R` I \ G c e"PRK \ g I `oc r9N X � � G \ `Wa I \ G c e�P [ T�n Y�[S\ L+I [Rb"a L [S` T [ T�L+U�KkU [ KjIVGWI q U [Rq GWP

c~`8Y KQP 	 X�\ L+U�K K � K q L \H` g6noKQT ` L
t;e [ T�ndKQI]I ` I ` T=L+U�K e `W\ LVKjI [S` I Y�[R\ LVI [Rb�a L [R` T \�` g � GWT Y �


GWI+K \][Rc([ P GJI	g ` I7K G q U \+[Rc a P GJL+K Y Y GJL_G \ KjL � �7Kke�I]K \ KjT�L�L+U�KkI+K \]a PSL \ g ` I \+[Sc a PRGJL [S` T � X � ` T�Pit
[ T C [ n 	 � 	 � 	 � U [R\	\+[Rc a P GJL+K Y(Y GJLVG \ KML7UfG Y y��oy � L ` L_GWP noKjT ` L
t8e [ T"n KQI]I ` I \ � z 	 { � � � � � U [Rq U [R\
\ P [ noU�LVPit-U [ noU�KjI LVUfGWT � UfG0L �6K	K��;e K q L g ` I LVU"K D0FHGJILILKMFNDPORQ�S Y GJL_G 	 � U�K v GWI [ G b PSKsnoKQT ` L
t8e [ T�n

KQI+I ` I-e�KQI-noKQT�K UfG \-v KQI]t P [ L+LVPSKkK � K q L ` T e `W\ LVKjI [S` I Y KjT \+[ L [ K \�` g ��� GWT Y ��� � C [ n 	 � 	 � � � G � ��	
N ` �7K v KjI � LVU"K G Y�Y�[ L [S` T ` gsnoKQT ` L
t;e [ T�n�KjI+I ` I \+[ noT [ h q GWT�L+PSt GWPiLVKQI \-`oa I�e `W\ LVKjI [S` I Y KQT \][ L [ K \

` g 
 � GWT Y 
 ��� C [ n 	 � 	 � � � b � � �#[ T q I+K G \+[ T"n KQG q U b t � y 	 � � g ` P Y 	 � U [R\k[ T q I+KQG \ K(I+K.�fK q L \ U ` �
\+a�q U KjI+I ` IsG q L \ L `�[ T q I+KQG \ KmK \ L [Rc GJLVK \*` g � 	sN ` �7K v KQI � LVU�K6PRK v KQP \s` g noKjT ` L
t8e [ T"n�KQI]I ` I a�\ K Y

U�KQI]K Y�` T ` L \ KQK c L `�b K U [ noU KQT `oa noU L `~qQ` T�L+I [Rb"a LVK c a�q U L `�`oa I-K \ L [Sc GJL+K Ydv GWI [ G b�[ P [ L
t

` g�� ` I � 	



� zo{

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0
5

1
0

1
5

2
0

posterior σf  simulation (A)

σf

D
e

n
s
it
y

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0
5

1
0

1
5

2
0

posterior σδ  simulation (A)

σδ

D
e

n
s
it
y

����� 2'��643�- �� #��� ����� ���

−0.6 −0.4 −0.2 0.0 0.2 0.4
0

5
1

0
1

5
2

0

posterior µf  simulation (A)

µf

D
e

n
s
it
y

−0.4 −0.2 0.0 0.2 0.4

0
5

1
0

1
5

2
0

posterior µδ  simulation (A)

µδ

D
e

n
s
it
y

prior I
prior II
GenError (I)
GenError (II)
hot (I)
hot (II)

��&'��2'��643�- �� #��� �	��� �
�

C [ n a I]K � 	 �;�sN [ KQI+GWI q U [Sq GWP c(`8Y KQPfe `o\ L+KQI [R` I \ G c e�PSK \	` g � G������ � L ` e
�9GWT Y ����� b�` L]L `oc �sGWT Y
� b � 
 � � L ` e
� GWT Y 
 � � b�` L+L `oc � �&\+[Sc a P G0L [R` T X � G0g LVKQI [ T qQ` I+e ` IVGJL [ T�n K [ LVU�KjI noKQT ` L
t;e [ T�n
KjI+I ` I � LVU [ T b P G q � P [ T"K \ � ` I c a PSL [ e�PSK p � � U ` L \ e ` L \ � LVU [ T I+K Y P [ T�K \ � a�\+[ T�n r9N X � � e�I [R` I \
� GWT Y � �<G \ Y I [Sv8[ T�n v GWP a K \ � \ KQK6h�n a I+K	PRKjnoKQT Y ��	 � U�K6e `o\ LVKQI [R` I Y KjT \+[ L [ K \ ` g�KQG q U efGWI+G c KjLVKjI
GJI+K�GJP \+` \ U ` � T�g ` I9LVU�K ` I+n [ TfGWP Y GJLVG \ KML�� L+U [Rq � b P G q �~P [ T�K \ ��	 � U�K v KjI]L [Rq GJP#P [ T�K \ I+Kje�I+K \ KjT!L
L+U�K&LVI a K \][Rc a P GJL+K Y v GWP a K \�` g�KQG q U efGJIVG c KjL+KQI � L+I a K ���	% z ��	 � U�K [ T q P a�\+[S` T ` g;noKQT ` L
t;e [ T�n
KjI+I ` I ` I c a PSL [ e�PSK p � � U ` L \ e ` L \ UfG \ P [ L+L+PRK K � K q L ` Txe `o\ L+KQI [R` I \ G c e�PRK \ ` g ���dGWT Y ����	
N ` �7K v KQI � b�` L+U \]q KjTfGWI [S`o\ G � K q LOe `o\ L+KQI [R` I Y KjT \+[ L [ K \ ` g 
 � GJT Y�
 � [ Tde�I+K Y�[Rq L_G b PRK �7G t \ 	



� z �

0 � K I6% $�KMF & / I S!$ / I&S

w)K~GWP \]` K��;e�P ` I]K(L+U�K(K � K q L ` g c a PSL [ e�PSK p � � U ` L \ e ` L \ e�KQIHnoKjT�K ` T `oa I [ T;g KQI+KjT q K
	 � `

�WKQKje `oa I c~`8Y KQP \+`oc K�� U�GJL	efGWI \][Rc(` T [S`oa�\�� �7K UfG v K�G \]\+a�c K Y LVUfG0L9K G q U(noKQT"KOU�G \ GJL c~`W\ L
` T�K p � � U ` L \ e ` L 	 � U�KjI+K [S\�\]`oc KHK v8[SY KQT q K LVU�GJL�efGJI]L [SqQa PRGWI noKQT"K \-` g D0FHGJI�ILKMFNDPORQ�S c G t

UfG v K c a PiL [ e"PRK \]a�q U)U ` L \ e ` L \ � �7I+G � g ` I Y KjL GWP 	 � yWzWz � � � C KQGWI+T"U�K G Y GWT Y � c([ L+U � yWzWz�� � ��	
X-\ U ` L \ e ` L9I]KQn [S` T \ GWe"e KQGWI*L ` L
t8e [Sq GWPSPSt b KmTfGWI]I ` � � K 	 n 	 � ��y � b � L+U�Kjt ` g LVKjT qj` T�L_G [ T g K�� [ g

GWT�t � � r \�� I+KQT Y KQI [ T�n noKQT�K qQ` T v KQI \][R` T�K \ L [Rc GJL [S` T [ T \]a�q U I]KQn [S` T \	Y�[A@(qQa PSL 	 �
T qQ` T!L+IVG \ L �
efGJL+L+KQI]T \�` g � p b KML �7KjKQT � � r \ � GWT � [ T�nxG=U ` L \ e ` L q GJT b K \+a"b�\ LVGWT�L [ GJPRPStBG � K q L+K Y b t

U [R\ L ` I [Rq GJP q I `W\+\+` v KQI�K v KQT�L \ [ T L+U�K U ` L \ e ` L � GJT Y K \ L [Sc GJL+K Y q I `W\+\+` v KQI�I+GJLVK \-q GJT e [Rq � a e
LVU [S\ K � K q L 	 � U a�\ LVU�K K � K q L ` g c a PiL [ e�PRK p � � U ` L \ e ` L \ e�KQI nWKQT�K � [ PRP�P [ �JKQPit [ T q I]K G \ K `oa I
K \ L [Rc GJLVK \�` g b G q �!noI `oa T Y � � U [ PRK UfG v;[ T�ndP [ L+LVPSK K � K q L ` T K \ L [Sc GJL+K \�` g � 	 � �;e�K qQ[ h q GJPRPSt �
a T Y KjI `oa I7G \]\+a�c e"L [R` T ` g ` T"K-U ` L \ e ` L	e KjI7noKjT�K � �6K-K��;e�K q L r9N X � � L ` h�T Y LVU"K�U ` L \ e ` L

� [ LVU�LVU�K U [ noU"K \ L [ T�LVKjT \+[ L
t GJT Y LVU�KjT G v KQI+GWnoK I+GJLVK \ ` g q I `o\]\+` v KjI ` v KQI L+U�K I+K c G [ T [ T�n

\ KQl a KjT q K �-[ T q P a�Y�[ T"n ` L+U�KQI~U ` L \ e ` L \�� g ` I [ L \ K \ L [Rc GJL+K ` g L+UfGJL�nWKQT�K � \ b G q �!noI `oa T Y � 	 �
� g LVU�K T a�c b KQI GWT Y [ T�L+KQT \][ L [ K \~` gkU ` L \ e ` L \�v GWI^t G c~` T"nxnoKQT"K \�� LVU [R\ qj`oa P Y PRK G Y L ` G

\+a�b�\ L_GWT�L [ GWP [ T q I+KQG \ K [ T v GWI [ G b�[ P [ L
t G c(` T�n \ L(noKQT"K \�` g `oa I K \ L [Sc G0LVK ` g b G q �!noI `oa T Y � �
� U [Rq U qQ`oa P Yd[ T�L a I+T [ T q I+KQG \ K `oa I K \ L [Sc G0LVK ` g���� 	

� ` K��;e�P ` I+K LVU [S\ e `W\+\+[Sb�[ P [ L
t � �7K \+[Sc a PRGJLVK Y G r `o[R\]\+` T=T a�c b KQI ` g6U ` L \ e ` L \ e KjIHnWKQT�K

� [ LVU IVGJL+K � e�KQI 	 z � b � L+U [R\ IVG0LVK b G \ K Y ` T I+K \+a PiL \�` g C KQGWI+T"U�K G Y GWT Y � c([ L+U�� yWzoz�� � GWT Y
� K � I+Kjt \ KMLHGWP 	 � yWzWz�� ��	 � G q U U ` L \ e ` L �7G \ ` g9PSKQT�nJLVU�� � b � � [ LVU P ` n! #" � [ T�LVKQT \+[ L
t \ G c e�PSK Y
g I `oc G u T [ g ` I c � � � y 	 � ��	 � U [S\&[ T�LVKjT \+[ L
t Y�[S\ L+I [Rb"a L [S` T I]K \ L+I [Sq L \ U ` L \ e ` L \ L ` UfG v K q I `o\]\+` v KjI
GWT Y nWKQT�K qQ` T v KjI \][R` T I+GJLVK \�b KjL �6KQKjT�� z�� 	 � { L [Rc K \ L+UfGJL ` g b G q �!noI `oa T Y IVGJL+K \�� � [ L+U �Jz �

` g&U ` L \ e ` L \ K��;e K q L+K Y L ` U�G v K [ T�LVKjT \+[ L [ K \-b KjL �6KQKjT � z GWT Y 	 y 	 � U�K \ K \][Rc a PRGJL [S` T \ �6KQI+K
Y�` T�K v8[ G LVU"K a"\ K ` g LVU�Kke�I ` noIVG c � � � � � Y K \+q I [Rb K Y [ T �7UfGWe;LVKQI { 	

w K \+[Rc a P GJL+K Y G Y GJL_G \ KjL ` g yWz �=noKQT"K \ LVUfGJL c([Rc([RqQ\ \+[Sc a P G0L [R` T � X � b�a L � [ LVU$LVU�K

G Y�Y�[ L [R` T ` g LVU�KHG b�` v KkU ` L \ e ` L \+q U�K c K
	 � U [R\ n�G v K ��� � ` g LVU�K L ` L_GWP q I `o\+\]` v KQI `;qjqQa I [ T�n

[ T 	 	 	 � ` g LVU"KHL ` L_GWP \ KQl a KjT q K � L+U�K \ K T a�c b KjI \Oq P `W\ KQPit c GJL q U [ T�n�� [ g�T ` L c(` I+KkK��;L+I+K c K



� z �

L+UfGWT � qQa I]I+KjT!L `ob�\ KjI v GJL [R` T \ � 
 toKQI \ KjLmGWP 	 � yWzoz�� ��	&N ` L \ e ` L \ e�KQI	noKQT"K�IVGWT"noK Y g I `oc | KjI `

L ` T [ T�K 	 u \+[ T"n e�I [S` I \ �	GWT Y � �9G \mY I [iv8[ T�n v GWP a K \�� �6K IVGWT~LVU [S\7Y GJLVG \ KML LVU�I `oa noU~LVU�K�U [ KQI �
GJI q U [Sq GWP c(`8Y KQP \ G c e�P [ T�n \+q U�K c K
	 C ` I&K G q U(e�I [R` I � �7K a�\ K Y � zWzoz e `W\ LVKjI [S` I \ G c e�PSK \ g I `oc
` T�K \ KQK Y ` g9r9N X � � G \�`oa I \ G c e�P [ T�n Y�[R\ LVI [Rb�a L [R` T [ T LVU�K U [ KjIVGWI q U [Rq GWP c~`8Y KjP \ G c e�P [ T�n

\]q U�K c K 	 � U�K e `o\ L+KQI [S` I Y KjT \+[ L [ K \ ` g ��� � ��� � 
 � � GWT Y 
 � GWI]K \ U ` � T [ T C [ n 	 � 	 � � GWP ` T�n
� [ LVU LVU"K(I]K \]a PSL \ g ` I \+[Rc a P GJL+K Y Y G0L_G \ KjL � X � � [ LVU `Wa LkU ` L \ e ` L \ 	 � U"KQI+K [R\ G \]a�b�\ LVGWT�L [ GWP
Y K q I]K G \ K [ T LVU�K v GWP a K \k` g6e `o\ LVKjI [R` I 
 � [ T LVU�K c a PiL [ e�PRK U ` L \ e ` L \]q KjTfGWI [S`dqQ`oc efGWI]K Y L `

L+U�K ` L+U�KQI � [R\ K [SY KQT�L [Rq GJP#T ` U ` L \ e ` L \]q KQT�GWI [S` � C [ n 	 � 	 � � � b � ��	 XZY K q I]K G \ K [ T�K \ L [Sc GJL+K Y 
 �

[S\ K��"e�K q LVK Y~[ g K \ L [Rc GJLVK Y b G q �!noI `oa T Y�� g ` IsnWKQT�K \ � [ LVU c a PSL [ e�PSK6U ` L \ e ` L \s[ T q I+KQG \ K \ � U [ PSK
K \ L [Rc GJLVK Y � g ` I \+a�q U noKjT�K \ Y"` K \ T ` L 	 �
T qj` T�LVIVG \ L � L+U�K K � K q L ` T e `o\ L+KQI [R` I 
 � GWe�e�K GJI \

T"KQnoP [ n [Sb PRK � C [ n 	 � 	 � � � b � ��	 �
T G Y�Y�[ L [S` T � �6K T ` L+K LVUfGJL L+U�K(G Y�Y�[ L [S` T ` g c a PiL [ e�PRK U ` L \ e ` L \

e�KQI noKQT"K � G \ � [ LVU v GWI [ G b PRK noKQT ` L
t8e [ T�n KQI+I ` I I+GJLVK \��sY�` K \ T ` L GJe�e KQGWI L ` \+a"b�\ LVGWT�L [ GJPRPSt

G � K q L `oa I [ T"g KQI]KQT q K ` T v GWI [ G b�[ P [ L
t [ T�� GWT Y�� � C [ n 	 � 	 � � � G � ��	

4
!	� !	� � / '+' F K GJI�% / , S b % I . D0F�� � F+, 4 F f FHGJI � ' F S

�7I+G � g ` I Y KjL�GWP 	 � yWzWz � � g `oa T Y L+UfGJL�LVU�K [ I<K \ L [Sc G0LVK Ykb G q �8nWI `oa T Y q I `o\+\]` v KQI�IVGJL+K \ GWe�e�K GWI]K Y
L ` b K qQ` I]I+KQPRGJLVK Y � [ LVU \ KQl a KjT q K g KQGJL a I+K \(\+a"q U G \ � � r Y KjT \+[ L
t GJT Y � F�� � qQ` T�LVKjT�L 	

} L+U�KQI GWTfGJPSt \ K \��W[ T q P a�Y�[ T�n e K Y�[ nWI+KQK	GWT�GWPSt \+[S\<b t �k` T�n�KML�GWP 	 � yWzoz�y � � \+a e"e ` I^L�L+U [R\ hfT Y�[ T�n 	
w K~GWP \]` g `oa T Y G qQ` I]I+KjP GJL [R` T b KjL �6KQKjT `oa IHK \ L [Rc GJLVK Y b G q �!noI `oa T Y)q I `o\]\+` v KjI IVGJL+K \ GWT Y

KQG q U ` g � � r Y KjT \+[ L
t�GWT Y � F�� � qQ` T�L+KQT�L 	 w)K �7GWT�LVK Y L `)[ T v K \ L [ n�GJLVK � U�KMLVU�KjI�LVU [S\

`Wb�\ KjI v K Y qQ` I+I+KjP GJL [R` T b KjL �6KQKjT q I `W\+\+` v KQI GWT Y LVU"K \ KOL � ` \ Kjl a KQT q K-g K GJL a I+K \7[S\ e"I [Rc GWI [ PSt G

I]K \]a PSL ` g*G \]\+`8q GJL [R` T b KjL �6KQKjT � GWT Y L+U�K \ KHg KQGJL a I+K \ ` I � GJT Y L+U�K \ K g K GJL a I+K \ 	 X TfGJP GWn `Wa�\

L ` �7IVG � g ` I Y KML GWP 	 � yWzoz � � � �6K e KjI]g ` I c K Y G c a PiL [ e"PRKOP [ T"K GWI6I+KQnWI+K \]\+[S` T g ` I `oa Ime `W\ LVKjI [S` I
\ G c e�PRK \ ` g KQG q U ` g P ` n  #" � � P ` n  #" � � GJT Y P ` n  #" �$g I `oc LVU�K�U [ KjIVGWI q U [Rq GWP c(`8Y KQP ` T�� � r
Y KQT \][ L
t GWT Y � F�� � qQ` T!L+KQT�L � g ` I LVU�K#D0FHGJILI�KMFNDPO Q�S Y GJLVG 	�� � U�K \ Kjl a KQT q K g K GJL a I+K v GWP a K \
�6KQI]K � [ T Y PSt�e�I ` v8[RY K Y b t � 	 � U�GWT�n�GWPSK 	 �

X�\�\][Rc a PRGJL [S` T � X � \+[Rc a P GJL+K \ � e�KQI�noKjT�K6Kjl a�[Sv GWPSKQT�L�L `�`Wa I�K \ L [Rc GJLVK YHv GWP a K \ ` g � g I `oc
�7U�GWe"LVKjI � g ` I-L+U�K X g I [Rq GJT � X�c KjI [Rq GWT \�� �6K � `oa P Y K��;e�K q LHL `�\ KjK~G qj` I+I]KQPRGJL [S` T b KjL �6KQKjT



� z �

K \ L [Rc GJLVK Y
� GWT Y K G q U ` gs� � r Y KQT \][ L
tdGWT Y � F�� � qQ` T�L+KQT�L�g ` I L+U [R\ \][Rc a P GJL+K YdY GJLVG \ KML 	

C a I]LVU"KQI c(` I]K � G \ � [R\ qQ` T \ LVGWT�L [ T � X � � L+U [R\ qj` I+I]KQPRGJL [S` T \ U `oa P Y b KkKQT�L [ I+KjPStdG0L+LVI [Rb�a L_G b PSK
L ` GJTxG \]\+`8qQ[ G0L [R` T b KjL �6KQKjT�K \ L [Rc GJLVK Y � GWT Y L+U�K \ K~g KQGJL a I]K \ 	 � U�KjI+Kjg ` I+K �6K e�KQI^g ` I c K Y

LVU�K \ G c K c a PiL [ e"PRK P [ T�K GJI I+KQnWI+K \]\+[S` T \ G \ G b ` v KHg ` I LVU [S\�\][Rc a P GJL+K YdY GJLVG \ KML � L `(\ KQK � UfGJL

[ T"g KjI+KQT q K `oa I c~`8Y KQP c G��WK \ � U�KQT �6K �!T ` ��LVU�KmL+I a L+U 	 C ` I qQ`oc efGWI [R\+` T � �6K a�\ K L+U�K \ G c K

e�I `8q K Y�a I+K ` T \+[Sc a P G0LVK Y Y GJLVG \ KML \ � � ��GWT Y � ��� � g ` I � U [Sq U T `�\+a"q U \ LVI ` T�n�G \]\+`8qQ[ GJL [S` T \
\ U `oa P Y K�� [R\ L 	

� `x\]a�c~c GWI [R| KdLVU"K G \]\+`8qQ[ G0L [R` T \~b KjL �6KQKjT K G q U ` g � � � � GWT Y � � [ L+U � � r Y KQT \][ L
t

GWT Y � F � � qj` T�LVKjT!L � �7KHe�I `;Y�a"q K Y � z � \ G c e"PRK \ ` g�K \ L [Rc GJLVK \ G q I `o\+\ GWPRP noKQT"K \ g I `oc `oa I

e `o\ LVKjI [R` I Y�[S\ LVI [Rb�a L [R` T � � U [Rq U e�I `;Y"a�q K Y � z � K \ L [Rc GJL+K Y qQ` K @(qj[ KQT�L \ g ` I K G q U ` g � � r
Y KQT \][ L
t$GJT Y � F�� � qQ` T!L+KQT�L 	 � U [R\ GWe"e�I ` G q U G qjqQ`oa T!L \ g ` I a T q KjI]L_G [ T�L
t [ T$K \ L [Sc GJL+K Y

v GJP a K \~` g � ��� � GWT Y � �mb�a L~T ` L [ T a T q KQI]LVG [ T�L
t ` g�LVU�K K \ L [Rc GJLVK Y�qj` K @(qQ[ KjT�L�g ` I K G q U

\ G c e�PRK YBv GJP a K ` g � ��� � GWT Y � 	 X T GWPiLVKjI+TfGJL [Sv K [S\ L `=[ noT ` I+K v GWI [ G b�[ P [ L
t [ T�K \ L [Sc GJL+K Y

IVGJL+K \-` g � � � � GWT Y � � GWT Y K��"G c([ T�K a T q KQI]LVG [ T�L
t [ T K \ L [Rc GJL [ T�n(L+U�K qj` K @(qQ[ KjT�L \�� K 	 n 	 v8[ G

\ L_GJT Y GWI Y qj` T"h Y KjT q K [ T�LVKjI v GWP \�` g L+U�K qQ` K @(qQ[ KQT�L \ g I `Wc P [ T�K GWI�I+KQnWI+K \]\+[S` T \ ` g c K Y"[ GWT

v GJP a K \ ` g7P ` n  #" � � P ` n  #" � � GWT Y P ` n  #" � ` T � � r Y KQT \+[ L
t=GJT Y � F�� � qj` T�LVKQT�L�	(w K LVI [ K Y

LVU [S\ G \ �7KjPRP � GWT YdY�`o[ T�n \+` I+K \]a PSL \ [ T LVU"K \ G c K qj` T q P a�\][R` T \ G \ e"I ` v8[RY K Y b KQP ` � 	

DPORQ � F+, S+% I '

� G b PRK � 	 y e�I]K \ KQT�L \ L+U�K c K Y�[ GWT~GWT Y � � � q I+K Y�[Rb PSK [ T�LVKjI v GWP \9` g LVU�KOK \ L [Sc GJL+K Y(qQ` K @(qQ[ KQT�L \

g ` I�� � r Y KQT \][ L
t � g I `Wc P [ T�KQGWIOI+KQnWI+K \]\+[S` T \�a�\][ T�n(LVU�K/D0FHGJI�ILKMFNDPORQ�S Y G0L_G 	 � U�K qQ` K @(qj[ KQT�L

` g � � r Y KjT \+[ L
tBg ` I �)[S\ P GWI]noKdGWT Y e `o\+[ L [iv K �	\+[Sc~[ P GWIkL ` � UfGJL �7I+G � g ` I Y KjL~GWP 	 � yWzWz � �
g `oa T Y � � [ LVU LVU�K � � � q I+K Y�[Rb PRK [ T�LVKQI v GWP \�qQ` T \][R\ LVKQT�L+PSt K�� q P a�Y�[ T"n z 	&� [Rc([ P GJI+PSt � LVU�K q I+K Y�[Rb PRK

[ T�LVKjI v GWP \ g ` I�� qQ` T \+[R\ LVKjT!L+PSt3K�� q P a�Y K z � � [ LVU qj` K @(qQ[ KjT�L \ ` g � � r Y KQT \][ L
t P GJI+noK=GWT Y

T�KQn�G0L [Sv K 	 �
T qQ` T!L+IVG \ L � LVU"K q I+K Y�[Rb PSK [ T�LVKjI v GWP \ g ` I �-qQ` T \+[S\ LVKjT�LVPSt [ T q P a�Y K z 	 � U [R\9\]a nonoK \ L \

LVUfGJL LVU�K G \]\+`8qQ[ G0L [R` T b KML �7KjKQT � GWT Y � � r Y KjT \+[ L
t [R\ b K [ T�n Y I [Sv KjT b t$GJT�G \+\+`8qQ[ GJL [S` T

b KML �7KjKQT
� GWT Y � � r Y KjT \+[ L
t~GWT Y T ` L � GWT Y � � r Y KjT \+[ L
t 	 � U [S\6qj` T q P a�\+[S` T [R\9qQ` T \+[R\ LVKjT!L

G c~` T�n e ` e a P G0L [R` T \ GWT YkY I [Sv8[ T"n v GWP a K \ 	 C ` I LVU�K	GWTfGJPSt \ K \ [ T � U [Rq U �7e F � \ �6KQI+K	I+K c~` v K Y �



��� z

L+U [R\ [ T"g KQI]KQT q K [R\ T ` L�G � K q LVK Y 	

� G b PSK � 	 y � � ` K @(qQ[ KQT�L g ` I � � r Y KQT \][ L
t [ T 
 a PiL [ e�PRK � [ T�KQGWI � KQnoI]K \+\][R` TdG q I `W\+\ � z � \ G c �
e"PRK \ g ` I K G q U ` g P ` n! #" � � P ` n! #"$� � P ` n! #" � ` T3� � r � Y KjT \+[ L
t GWT Y � F�� � � qQ` T�L+KQT�L � D0FHGJI �
ILKMFNDPO Q S �0a�\][ T�nOe�I [S` I \ � � � � G \�Y I [Sv8[ T"n v GWP a K \�[ THL+U�K9U [ KjIVGWI q U [Rq GWP c~`8Y KjP \ G c e�P [ T�n \+q U"K c K 	

� � �
�

X g I [Rq GWT � X�c KjI [Sq GWT � � � {o{ � � � � y � � � ���7y � � � � y � � � � {Wz � � � z �
� a I ` e KQGWT � � � y � � � ��� � 	 � ��y � � 	 � � � � z � � � � � 	 � � �oy �
X g � X-c KQI�� � ` �7e F�� � { � � � � � zoz � � � �
{ �7y�� � � � y 	 � � � � � � � � y �
� a I ` � � ` �7e F � �W{ � 	 � � � ��� � { � � � 	 � � 	 � � ��� � � � � { � � � y �

� �
X g I [Rq GWT � X�c KjI [Sq GWT � � � {�y � � 	 � � � � ��� �7y ��� � � z 	 � � � 	 ��� � �Wz �
� a I ` e KQGWT ��� � 	 z � � ��� � y � � � � � � � � � y � � � � � � � � � �
X g � X-c KQI�� � ` �7e F�� � 	 � �Wy � � zoz � � � � � y��7yW{ � � � z � � � � 	 { � � ��� �
� a I ` � � ` �7e F � � 	 � 	 � � � 	 � � ��� � � y � 	 � � � � � � � � z�� � � �����

� � �
X g I [Rq GWT � X�c KjI [Sq GWT � z � { � � � z � � { � � ��� �7y � � � � � � � � � ����� � � � �
� a I ` e KQGWT ��� � 	 z � � { � ��� � ����� � � � � � � � � � yJ{ � ��yWz �

� �
X g I [Rq GWT � X�c KjI [Sq GWT �W{ � { 	 � � y � 	 � � ��� � 	 z � � � � 	 � � � � z � � ��� �
� a I ` e KQGWT ��� � 	 y � � ��� y � � � 	 � � � � � � � � � � ��� � � � � �

� G b PSK � 	 	 e�I+K \ KQT�L \ L+U�K c K Y�[ GWTBGWT Y � � � q I+K Y�[Rb PRK [ T!L+KQI v GJP \ ` gOL+U�K qQ` K @(qj[ KQT�L \ g ` I

� � r Y KQT \][ L
t � g I `oc P [ T�K GJI-I+KjnoI+K \+\][R` T \-a�\+[ T�n \+[Sc a P G0LVK Y Y GJLVG \ KML \ � X � � � � � � GWT Y � ����	 C ` I
\][Rc a P GJL [R` T � X � �o[ T � U [Rq U LVU�K G \+\+`8qQ[ GJL [S` T b KjL �6KQKjT�K \ L [Sc GJL+K Y � GWT Y � � r Y KQT \+[ L
t \ U `Wa P Y

b K KQT�L [ I+KjPSt Y�a K L ` GWT G \]\+`8q GJL [R` T b KjL �6KQKjT � GWT Y � � r Y KjT \+[ L
t � �6K \ L [ PRP \ KQK G \ L+I ` T"n�G \ �
\]`;qj[ GJL [R` T b KjL �6KQKjT
� GWT Y � � r Y KQT \][ L
t g ` I � U [Sq U�LVU"K � � � q I]K Y�[Sb PRK [ T�L+KQI v GWP qj` T \+[S\ L+KQT�LVPit

K�� q P a"Y K \ z 	 � U [S\ [R\ P [ �WKjPSt Y�a K L ` G \ L+I ` T�n qj` I+I]KQPRGJL [S` T b KjL �6KQKQT�K \ L [Sc GJL+K Y � GWT Y K \ �
L [Rc GJLVK Y � 	 � U�K Y Kje KjT Y KQT q K b KjL �6KQKQT3K \ L [Sc GJL+K Y � GJT Y K \ L [Rc GJL+K Y � GWe�e�K GWI \ L `xb K

qj`oc e `oa T Y K Y b tdLVU�K [ T�LVI `;Y"a�q L [R` T ` g c a PSL [ e�PSK p � � U ` L \ e ` L \O[ T \+[Sc a P G0L [R` T \ GWTfGWP ` n `oa"\

L ` � X ��	 �
T qQ` T�L+IVG \ L ��qQ` T q P a�\][R` T \ GWI]K T ` LOnoI+KQGJLVPitdG � K q L+K Y b tdLVU"K [ T!L+I `8Y�a�q L [R` T ` g&noKQT ` �
L
t8e [ T�n KQI]I ` I L ` � X ��	



� � �

� U"KQI+K [S\ L+U�K e `o\+\][Rb�[ P [ L
t�LVUfGJL \+`oc K ` g&LVU�K qj` I+I]KQPRGJL [S` T b KjL �6KQKjTx� � r Y KQT \][ L
t GWT Y �

c G t b KOGJL+L+I [Sb�a L_G b PRKmL `H`Wa I	G \+\]a�c e;L [R` T L+UfGJL	noKjT�K qj` T v KjI \+[S` T�K v KjT!L \ G � K q L6GJL c~`o\ L ` T�K

� � rxe�KQI	K v KQT�L 	 �
T��;K q 	 y 	 	 	 	 � �6K�g `oa T Y g ` I \+[Sc a PRGJLVK Y I]KQn [S` T \9[ T�� U [Rq U(LVU [S\ G \]\+a�c e"L [R` T
Y�` K \ T ` L�U ` P Y �#`oa I c~`8Y KjP L+KQT Y�\ L `�a T Y KjI+K \ L [Sc G0LVK � GWT Y ` v KjI+K \ L [Sc G0LVK � 	 � U [S\ � `oa P Y

I+K \]a PSL [ T a T Y KQI]K \ L [Rc GJL [R` T ` g � 	 � L \ KQK c(\ e�I `ob G b PRK L+UfGJL I+Kjn [R` T \ � [ LVU3U [ noU�KQI � � r
Y KQT \][ L [ K \ � `oa P Y b K c(` I+K�P [ �JKQPit(L ` v8[R` PRGJLVK LVU [S\ G \]\+a�c e"L [R` T 	 � U"KQI+KMg ` I+K �6K-L+U [ T�T"K Y K G q U
D0FHGJI�ILKMFNDPORQ�S*GWT Y \][Rc a PRGJLVK Y Y GJLVG \ KML b t P `8q G0L [ T"n�GWPSPf� � r \ � [ LVU [ T y �Wz b e ` g GWT ` L+U�KQI	� � r
GWT Y Y KQPSKjL [ T�n ` T�K � � r g I `oc KQG q U e�G [ I � e�I+KMg KQI]KQT�L [ GWPRPit Y KjPRKjL [ T�n~� � r \ � [ LVUdg K��6KQI qQ` e [ K \
` g�L+U�KHIVGWI]K GJPRPRKjPRK
	sw)K LVU"KQT nWKQT�KjIVGJL+K Y � zozoz e `W\ LVKjI [S` I \ G c e�PSK \ ` gsKQG q U e�GWIVG c KjL+KQImg I `oc
` T�K \ KQK Y ` g r9N X � � g ` I*K G q U ` gfe�I [R` I \ ��GWT Y � ��GWT Y IVGWT LVU�K \ K \ G c e"PRK \ [ THLVU�K7U [ KjIVGWI q U [Rq GWP

c~`8Y KQP \ G c e�P [ T�n \]q U�K c K 	



��� y

� G b PSK � 	 	 � � ` K @(qQ[ KQT�L g ` I � � r Y KQT \][ L
t [ T 
 a PiL [ e�PRK � [ T�KQGWI � KQnoI]K \+\][R` TdG q I `W\+\ � z � \ G c �
e"PRK \ g ` IkKQG q U ` g6P ` n  #"$� � P ` n  #" � � P ` n  #" � ` T)� � r � Y KQT \+[ L
t GWT Y � F�� � � qQ` T�L+KQT�L ��\+[Rc a P G �
L [R` T \���a�\][ T�n e�I [R` I \ � � � � G \ Y I [Sv8[ T"n v GWP a K \ [ T�LVU�KkU [ KQIVGJI q U [Sq GWP c(`8Y KQP \ G c e�P [ T�n \+q U"K c K 	

� � �
�

� X �7g % y 	 z � �� � � � { 	 � � { � � � � 	 � �6{o{ � � �oy � � � z 	 � � 	 { �
� � �mg % y 	 z � �� � � 	 � � 	 z �7y � � � { � � 	 � � 	 � �^y � � ��{ � �	{ �
� ��� �� � �� IVGJT Y�`oc y � � � 	 � 	 ��� � ��� � �^y � � 	 � � � � � � � z 	 � � � ���
� X �mnoKQT ` � KQI]I ` I �W{ � { 	 � � 	 � � � � y � � � ��� � � � � � � 	 � � � ���
� X � c a PSL [ � U ` L ��� � {�y � ��� � � � � 	 z �6{ 	 � � ��� z � � � y � � � � � �

� �
� X �7g % y 	 z � �� { � � ��� � � � � � � � 	 { �6{�� � � � z � �
{ � � �^yoy �
� � �mg % y 	 z � �� �
{ � �^y � � � � ��y ��� � 	 � � � � � � 	 y � ��� � � � � y �
� ��� �� � �� IVGJT Y�`oc yW{ � � � � 	 � � � � y � �^y � �7y � �
{�� � � � { � � � 	 �
� X �mnoKQT ` � KQI]I ` I � y � � � � � 	 � ��� � 	 y � � ��� ��� � � � � � � � 	 	 �
� X � c a PSL [ � U ` L � � � { 	 � � z � 	 � � y � � � 	 � � � z � � � � 	 y � � � � �

� � �
� X �7g % y 	 z � �� { � � � 	 � � { � �Wy � 	 � �6{ ��� � � � � � � � � � � � �
� � �mg % y 	 z � �� � � � �^y � � ��� � � � � � 	 � � � � � �^y 	 � � � � � � y �
� ��� �� � �� IVGJT Y�`oc y � � ��� � 	 � � �^y � � ��� � � � � �
{ � � � � zoz � � 	 � �

� �
� X �7g % y 	 z � �� �oy � � � � ��� � � � � 	 � � � � � � � y � �
{ � � � � � �
� � �mg % y 	 z � �� � � � �^y � � 	 � ��yWz � � 	 ��� � � � ��y 	 � � � � �6{ �
� ��� �� � �� IVGJT Y�`oc 	 z � � � � � y � � 	 � � � { � � z � � � � � � � { � � � 	 �

L+I a L+U
� X �7g % y 	 z � �� � � 	 {�� � � � 	 {�� � �
� � �mg % y 	 z � �� �^yWy 	 � � 	 �^yWy 	 � � 	 �
� ��� �� � �� IVGJT Y�`oc 	 � 	 � � � � � y 	 yJz � � � � 	 	�	 �



� � 	

� G b PRK � 	 ��� � ` K @(qj[ KQT�L g ` Im� � r Y KQT \+[ L
t [ T 
 a PSL [ e�PRK � [ T�KQGWI � KQnoI]K \]\+[R` TdG q I `o\+\ � z � \ G c �
e�PRK \ g ` I KQG q U ` gHP ` n  #" � � P ` n  #" � � P ` n  #" � ` T3� � r � Y KjT \+[ L
t GWT Y � F�� � � qQ` T!L+KQT�L � D0FHGJI �
I�KMFNDPO Q�S�GWT Y \][Rc a PRGJL [S` T \ � X � � � ��� � a�\][ T�n~e�I [S` I \ � GWT Y � � G \�Y I [iv;[ T�n v GWP a K \�[ T LVU�K U [ KjI �
GWI q U [Sq GWP c~`8Y KQP \ G c e�P [ T�n \]q U�K c K � GJg L+KQI LVU [ T�T [ T�n(� � r \ L ` ` T�KkK v KQI^t y �Wz b e 	

� � �
�

X g I [Rq GWT � X-c KQI [Sq GWT �J{ � {�y � � � � 	 � �^yWz �7yWz � � � � z � � � � ��� � � � �
� a I ` e KQGWT � � � y � �6{ ��� � � � � { � 	 � � ���Wz � � � { � � � �
� X �6g % y 	 z � �� �J{ � { � � � y � �W{ � 	 � � �W{ � � 	 { � ��{oy�� � � �
� � �6g % y 	 z � �� ��y 	 � � � y � � � � �^y � � � � � � � � � � � � � � z � � � �
� ��� �� � �� I+GWT Y�`oc � z � �
{ �7y � � � � � �^yW{ � ��� � 	 � � � � � � � � �
� X � c a PiL [ � U ` L � { � � y � � � z � � 	 � 	 � � � 	 � � � z � � � � y � � � � ���

� �
X g I [Rq GWT � X-c KQI [Sq GWT � � � � 	 � � � � � � � � � 	 z � � � 	 � � � z � � � � ���
� a I ` e KQGWT � � � yW{ � � 	 � � y � � � 	 � 	 � � � � � � � � � � ��yoy �
� X �6g % y 	 z � �� � � � {oz � � ��� � � � 	 	 �6{�� � � � z � ��{ 	 � ��yWz �
� � �6g % y 	 z � �� ��yW{ � � � { � � � � � �^y � � � � � � � ��� z � �^y � �7y 	 �
� ��� �� � �� I+GWT Y�`oc � � � � � �7yJ{ � � � � � � 	 � � � � � � � � � � ��� � ��yoy �
� X � c a PiL [ � U ` L { � � � 	 � ��� � � � � 	 z � ��� � � � 	 � ��{���� � � � �

LVI a LVU
� X �6g % y 	 z � �� � y 	�� ��� � y 	 � ��� �
� � �6g % y 	 z � �� �^yWy 	 � � 	 �^yoy 	 ��� 	 �
� ��� �� � �� I+GWT Y�`oc y � 	 � � � � � � 	 � � y � � � 	 �oyJz



��� �

� U�K I+K \]a PSL \ g ` I LVU"K qQ` K @(qQ[ KQT�L ` g	� � r Y KjT \+[ L
t g I `oc c a PiL [ e"PRKkP [ T�K GWI I]KQnoI]K \+\][R` T \-` T

e `o\ LVKQI [R` I \ G c e�PSK \ g I `oc L+U�K�U [ KQI+GWI q U [Sq GWP c~`8Y KjP � G \ `oa L+P [ T�K Y G b ` v K � GWI]K \ U ` � T [ T � G b PSK

� 	 � 	 � U [ T�T [ T�n LVU"K Y G0L_G [ T Y KjK Y I+K Y"a�q K \ LVU"K \][R| K ` g LVU�K qQ` K @(qQ[ KQT�L	g ` I \+[Rc a P GJL [R` T � X � b t
I `oa noU"PSt G g G q L ` I ` g;L � ` � U [ PSK&T ` L�noI+KQGJLVPit G � K q L [ T"nOL+U�K qQ` K @(qQ[ KQT�L�g ` I � 	 C ` I�L+U�K X g I [Sq GWT �
X�c KjI [Sq GWT Y GJL_G ` g D0FHGJILILKMFNDPORQ�S � T `�\]a�q U I+K Y�a�q L [R` T [S\-`ob"\ KQI v K Y 	 N ` �6K v KQI � �6K q GJT T ` L

I a PRK `oa L~LVUfG0L c a PSL [ e�PRK p � � U ` L \ e ` L \ e KjI�noKjT�K [S\ e�PRG t [ T�nxG=I ` PSK [ T�L+U�K G \]\+`8qQ[ GJL [S` T

b KjL �6KQKjT�K \ L [Rc GJLVK Y � GWT Y � � r Y KQT \][ L
t � G \ LVU�K qj` K @(qQ[ KjT�L b KML �7KjKQT$LVU�K~L � ` \+a nonoK \ L \

\ LVI ` T�n(G \+\]`;qj[ GJL [R` T [ T�LVU�K c a PiL [ e�PRK�U ` L \ e ` L \ \+[Sc a P G0L [R` T � K v KjT LVU `oa noU � [R\ qQ` T \ LVGWT�L 	

p K \ e [ LVK \]`oc K [ I]I+Kjn a P GJI [ L [ K \ [ T L+U�K G \+\+`8qQ[ GJL [S` T b KjL �6KQKjT � GWT Y � � r Y KQT \+[ L
t � �6K Y�`

h�T Y G \ LVI ` T�n$P G q � ` g G \+\]`;qj[ GJL [R` T b KjL �6KQKjT � GWT Y � � r Y KjT \+[ L
t [ T3GWPSP \]q KQT�GWI [S`o\�� g ` I

b�` L+U LVU�K X g I [Rq GWT � X-c KQI [Sq GWT GWT Y � � r	N Y G0L_G ` g�D0FHGJILI�KMFNDPO Q�S�	7� [Rc a PRGJL [S` T \	\+a nWnoK \ L `oa I

c(`8Y KQP qj` T \+[S\ L+KQT�LVPit q GWe"L a I+K \ G \]\+`8qQ[ G0L [R` T \<b KML �7KjKQT � GWT Y � � r Y KjT \+[ L
t [ g8LVU [S\ G \]\+`8qQ[ GJL [S` T
[S\7[ T I+KQGWP [ L
t qQ` T�LVI [Rb�a L [ T"n \+a�b"\ L_GJT!L [ GWPSPSt L ` LVU�K G \+\+`8qQ[ GJL [S` T b KjL �6KQKjT � GJT Y � � r Y KjT \+[ L
t 	

� U"KQI+KMg ` I+K �"`oa I	I]K \]a PSL \6\]a nonoK \ L7L+U�K qQ` I]I+KQPRGJL [S` T b KML �7KjKQT � GJT Y � � r Y KQT \][ L
t c G t [ T Y KjK Y

b K c(` I]K�GJL]LVI [Sb�a LVG b PRK L ` G qQ` I]I+KjP GJL [R` T b KML �7KjKQT � GWT Y � � r Y KQT \][ L
t(LVUfGWT L ` � GWT Y � � r
Y KQT \][ L
t 	&� a�q U GWT G \]\+`8qQ[ GJL [S` T b KjL �6KQKjT �~GWT Y � � r Y KjT \+[ L
t U�G \sb KQKQT e"I+K v8[S`oa�\ Pit I]KQe ` I]L+K Y
[ T=G \ L a�Y t ` g � ' / S / $ . % K G b t ��GWT�nWPRKjt KjLHGWP 	 � yWzWzoz ��	 �
T=L+U [R\k\ L a�Y t � I]KQn [S` T \ � [ L+U c~` I]K
U"KjLVKjI `o| t8n `o\+[ L [ K \ �6KQI+K�g `oa T Y L ` e�I]Kjg KQI]KQT�L [ GWPRPit)I]K \]` P v K p � �7\ G \ q I `o\]\+` v KjI \��7\+[Rc([ PRGWIkL `

� U�GJL `oa I I+K \+a PiL \ \]a nonoK \ L�U�KQI]K 	 � ` `oa I��8T ` � PSK Y nWK � LVU [S\ [R\ L+U�K�hfI \ L `ob�\ KjI v GJL [R` T ` g \+a�q U
G efG0L+LVKjI+T a�\+[ T�n U a�c GJT Y G0L_G 	



� � �

� G b PRK � 	 � � � ` K @(qQ[ KQT�L g ` I � F�� � qQ` T�L+KQT�L [ T 
 a PSL [ e�PSK � [ T"K GWI � KjnoI+K \+\+[S` T$G q I `o\]\ � z �
\ G c e�PRK \ g ` ImKQG q U ` g P ` n  #" � � P ` n  #" � � P ` n  #" � ` T � � r � Y KQT \+[ L
t�GWT Y � F � � � qj` T�LVKjT!L � D0FHGJI �
I�KMFNDPO Q�S �Ja�\][ T�nOe�I [R` I \ � � � ��G \�Y I [Sv8[ T�n v GJP a K \ [ T LVU�K	U [ KjIVGWI q U [Rq GWP c(`;Y KjP \ G c e�P [ T�n \]q U�K c K 	

� � �
�

X g I [Rq GWT � X-c KQI [Sq GWT y 	 � � � 	 � �7y 	 { � z 	 � � z 	�� � � 	 	 � ��y 	 z � �^y 	 ��� � � 	 � �
� a I ` e KQGWT y 	 � � � 	 � � 	 	 z � � 	 � � � 	 � �7y 	 	 � � � 	 z � ��y 	�� �6z 	 y �
X g � X-c KQI�� � ` �7e F�� y 	 � � � 	 � �7y 	 � � z 	 � � z 	 � � � 	 	 � � � 	 { � �^y 	 	 � � � 	 z �
� a I ` � � ` �7e F�� � 	 � � � 	�� �7y 	�� � � 	 � � � 	 	 �7y 	 � � z 	 z � ��z 	 � �6z 	 ���

� �
X g I [Rq GWT � X-c KQI [Sq GWT y 	 � � � 	 � �7y 	�� � � 	 z � z 	 � � � 	 	 � � � 	 � � �^y 	 	 � ��z 	 ���
� a I ` e KQGWT y 	 	 � � 	 � � 	 	 z � � 	 { � � 	 z �7y 	 	 � � � 	 y � � � 	 � � ��z 	 y �
X g � X-c KQI�� � ` �7e F�� y 	 z � � 	 � �7y 	�� � � 	 y � z 	 � � � 	 � � � � 	 y � � � 	 ��� ��z 	 � �
� a I ` � � ` �7e F�� y 	 y � � 	 � �7y 	 { � � 	 { � � 	 z �7y 	 	 � ��z 	 � � � � 	 � �6z 	 z �

� � �
X g I [Rq GWT � X-c KQI [Sq GWT y 	 y � � 	 � �7y 	 { � z 	 � � z 	�� � � 	 	 � � � 	 � � � 	 	 z � � � 	 y �
� a I ` e KQGWT y 	 	 � � 	 { �7y 	 ��� � 	 � � � 	 z �7y 	 � � � � 	 	 � ��y 	 � �6z 	 	 �

� �
X g I [Rq GWT � X-c KQI [Sq GWT y 	 � � � 	 � �7y 	 � � z 	 � � z 	�� � � 	 	 � � � 	 � � �^y 	 { � � � 	 z �
� a I ` e KQGWT y 	 y � � 	 � �7y 	 ��� � 	 � � � 	�� �7y 	 � � ��z 	 � � � � 	 � �6z 	 � �



��� {

� '�� � � / ,5I F+,5I

� G b PSK � 	 � e�I]K \ KjT�L \ L+U�K c K Y"[ GWT~GWT Y � � � q I+K Y"[Rb PSK [ T�LVKQI v GWP \9` g LVU�KOK \ L [Rc GJL+K Y(qQ` K @(qQ[ KQT�L \

g ` I � F � � qQ` T�L+KQT�L g I `oc LVU"K P [ T"K GWI6I+KQnWI+K \]\+[S` T \ a�\][ T�n L+U�K D0FHGJI�ILKMFNDPO Q S Y G0L_G 	 � U�K qj` KMg �
h qQ[ KjT�L ` g � F � � qQ` T!L+KQT�L g ` I � [S\ PRGWI+noK GWT Y e `o\][ L [iv K �#\+[Sc~[ P GWImL ` � UfGJL �7IVG � g ` I Y KML GWP 	

� yWzoz ��� g `oa T Y � � [ L+U LVU"K � � � q I]K Y�[Sb PRK [ T�LVKQI v GWP \�qQ` T \][R\ LVKQT�L+PSt K�� q P a�Y�[ T"n z 	 � U�K \ G c K [S\

L+I a K�g ` I � 	 C ` I L+U�K X g I [Rq GJT � X�c KjI [Rq GWT Y GJLVG \ KML �mq I+K Y�[Rb PSK [ T�LVKjI v GWP \ g ` I�� qj` T \+[S\ L+KQT�LVPit

K�� q P a"Y K z ��b�a L9LVU [S\9[R\ T ` L9L+U�K q G \ K � [ LVU LVU�K � � r9N Y G0L_G�g ` I \+`Wc K ` g�LVU�K Y I [Sv8[ T�n v GWP a K \ 	

� K c(` v8[ T�n��7e F \][ L+K \ Y�` K \ T ` LOGWe"e KQGWI L ` noI+KQGJLVPit�G � K q L [ T"g KjI+KQT q K 	

� G b PSK � 	 { e"I+K \ KQT�L \ LVU�K c K Y�[ GWT�GWT Y � � � q I]K Y�[Sb PRK [ T!L+KQI v GJP \(` g�LVU"K qj` K @~qj[ KjT!L \ ` g
� F�� � qQ` T!L+KQT�L(g I `oc L+U�KdP [ T�K GWI I]KQnoI]K \]\+[R` T \~a"\+[ T"n \][Rc a P GJL+K Y$Y GJLVG \ KML \ � X � � � � � � GWT Y
� ����	 C ` I \][Rc a P GJL [R` T � X � ��[ T � U [Rq U LVU�K�G \+\+`8qQ[ GJL [S` T b KML �7KjKQTBK \ L [Sc GJL+K Y � GWT Y � F�� �

qj` T�LVKjT!L \ U `oa P Y$b KdKQT�L [ I+KQPit$GJL]LVI [Sb�a LVG b PRK~L ` GWT�G \+\]`;qj[ GJL [R` T b KjL �6KQKjT K \ L [Rc GJL+K Y � GWT Y

� F�� � qQ` T�L+KQT�L � LVU"K qj` K @~qj[ KjT!L g ` I �x[R\ qQ` T \+[R\ LVKjT!L+PSt U [ noU�KjIdL+UfGWT3LVUfGJL g ` I�� � � [ LVU

� � � q I]K Y�[Sb PRK [ T�L+KQI v GWP \kc a L a GWPRPit K�� q P a�\+[iv K
	��
T)G Y�Y�[ L [S` T � � � � q I+K Y"[Rb PSK [ T!L+KQI v GJP \ g ` I �

qj` T \][R\ L+KQT�LVPit K�� q P a�Y K z � � U [ PRK � � � q I+K Y�[Rb PSK [ T�L+KQI v GWP \ g ` I	� [ T q P a�Y K z � U�KQT a�\][ T�n e�I [R` I \

� � � � � G \ Y I [Sv8[ T"n v GJP a K \ 	

� U�K [ T�LVI `8Y�a�q L [S` T ` gknWKQT ` L
t8e [ T�nxKjI+I ` I [ T�L `)\+[Rc a P GJL+K Y�Y GJL_G \ KjL � X � Y K q I+KQG \ K \ L+U�K
qj` K @(qQ[ KjT�L ` g � b tBT�KQGWI+Pit$G g G q L ` I ` g�L � ` � U [ PSK \+q GWI q KQPSt q UfGWT�n [ T�n LVU�K qj` K @~qj[ KjT!L ` g

� 	 � U [S\ [R\ P [ �WKQPit$LVU�K I]K \]a PSL ` gHL+U�K [ T q P a�\+[S` T ` gknoKjT ` L
t8e [ T�nBKQI]I ` I [ T�LVI `8Y�a�qj[ T�n T `o[S\ K

[ T � K \ L [Sc GJL [R` T � � U [Rq U Y�[Sc~[ T [R\ U�K \ LVU"K qQ` I+I+KjP GJL [R` T b KjL �6KQKQT$K \ L [Sc G0LVK Y � GWT Y � F�� �

qj` T�LVKjT!L(GJT Y U�KQT q KdK \ L [Rc GJL+K Y � GWT Y � F � � qQ` T�L+KQT�L 	)� [Rc([ PRGWI+Pit � \+[Sc a P G0L [ T"n c a PSL [ e�PRK

p � � U ` L \ e ` L \ g ` I \+`oc K noKQT"K \ GWe�e�K GWI \ L `$Y�[Rc([ T [S\ U L+U�K qQ` I]I+KQPRGJL [S` T b KjL �6KQKQT � GWT Y

� F�� � qQ` T�L+KQT�L b t [ T�LVI `8Y�a�qj[ T�n T `o[S\ K [ T�L ` K \ L [Rc GJL+K Y�� 	 �8L [ PRP&T"K [ L+U�KQI ` gmL+U�K \ K K � K q L \

GJPSLVKjI7LVU"K qj` K @(qQ[ KjT�L \ KQT `oa noU L+UfGJL L+U�K � � � q I+K Y"[Rb PSK [ T�LVKjI v GWP \ g ` I � [ T q P a�Y K z 	



� � �

� G b PRK � 	 { � � ` K @~qj[ KjT!L g ` I � F � � qQ` T�L+KQT�L [ T 
 a PSL [ e�PSK � [ T�KQGWI � KjnoI+K \+\+[S` T G q I `o\+\ � z �
\ G c e�PRK \ g ` I7K G q U ` g�P ` n  #" � � P ` n  #" � � P ` n  #" �H` Td� � r � Y KQT \][ L
t�GWT Y � F�� � � qQ` T!L+KQT�L �;\+[Sc a �
P GJL [R` T \��oa�\][ T�nke�I [R` I \ � � � � G \9Y I [iv8[ T�n v GWP a K \&[ T LVU"KOU [ KQI+GWI q U [Rq GJP c~`8Y KjP \ G c e�P [ T�n \]q U�K c K 	

� � �
�

� X �6g % y 	 z � �� y 	 y ��� 	 � �7y 	 � � y 	�� � y 	 � �7y 	 ��� z 	 � � z 	 � � � 	 � �
� � �6g % y 	 z � �� z 	 	 � z 	 z �6z 	 { � z 	 z � ��z 	 	 �6z 	 	 � z 	 z � �
z 	 { �6z 	 ���
� ��� �� � �� I+GWT Y�`oc �
z 	�� � ��z 	 ��� ��z 	 � � z 	�� � z 	 � �6z 	 � � � 	 � � � 	 � �7y 	 � �
� X �7noKjT ` � KjI+I ` I y 	 ����� 	 � �7y 	�� � � 	 	 ��� 	 z � � 	 � � � � 	 y � � � 	 � � �
z 	 { �
� X � c a PiL [ � U ` L � 	 ��� z 	 � � � 	 � � � 	 y � z 	 � � � 	 � � z 	 ��� �
z 	 � �6z 	 ���

� �
� X �6g % y 	 z � �� y 	 	 � y 	 z �7y 	 � � y 	 	 ��� 	 � �7y 	 { � �
z 	 � � ��z 	 { �6z 	 	 �
� � �6g % y 	 z � �� �
z 	 ��� ��z 	�� �6z 	 y � z 	 ��� ��z 	 	 �6z 	�� � z 	�� � �
z 	 � �6z 	 ���
� ��� �� � �� I+GWT Y�`oc �
z 	�� � ��z 	 ��� ��z 	 � � z 	�� � z 	 � �6z 	 � � � 	�� � z 	 � �7y 	 z �
� X �7noKjT ` � KjI+I ` I y 	 z ��� 	 � �7y 	�� � � 	 � ��� 	 y � � 	 ��� ��z 	 � � � � 	 � � �
z 	 y �
� X � c a PiL [ � U ` L � 	 	 ��� 	 z � � 	 � � � 	 � � z 	 � � � 	 � � �
z 	 	 � ��z 	 � �6z 	 z �

� � �
� X �6g % y 	 z � �� y 	 � � y 	 z �7y 	 ��� y 	�� � y 	 y �7y 	 ��� z 	 	 � �
z 	 � � � 	 z �
� � �6g % y 	 z � �� z 	 y � ��z 	 y��7z 	 � � z 	 y � ��z 	 y �6z 	 � � z 	 y � �
z 	 � �6z 	 ���
� ��� �� � �� I+GWT Y�`oc �
z 	�� � ��z 	 ��� ��z 	 � � z 	 � � z 	 y �6z 	 ��� � 	 � � z 	 � �7y 	 z �

� �
� X �6g % y 	 z � �� y 	 � � y 	 � �7y 	 ��� y 	 	 � y 	 z �7y 	 { � �
z 	 	 � ��z 	 � �6z 	 y �
� � �6g % y 	 z � �� z 	 � � ��z 	 y��7z 	 { � z 	 y � ��z 	 	 �6z 	 � � z 	 ��� �
z 	 	 �6z 	 { �
� ��� �� � �� I+GWT Y�`oc �
z 	�� � ��z 	 ��� ��z 	 � � z 	�� � z 	 z �6z 	 � � � 	 	 � z 	 � � � 	 ���

LVI a LVU
� X �6g % y 	 z � �� � 	 � � � � 	 � � � �
� � �6g % y 	 z � �� z 	 	 � � z 	 	 � � �
� ��� �� � �� I+GWT Y�`oc ��z 	 	 � � z 	 � � � z 	 ��� �



��� �

� a�Y n [ T�n v8[ G \+[Sc a P G0L [R` T LVUfG0L `oa I c(`8Y KQPkGWe"e KQGWI \ L ` I+KjP GJL [Sv KjPSt G qQqQa IVGJL+KQPSt G \+\ K \+\

G \+\+`8qQ[ GJL [S` T \ b KjL �6KQKjTxK G q U ` g � ��� � GWT Y � � [ L+U � F�� � qQ` T�LVKjT�L � �6K q GWT=e KjI+UfGJe \ I]KQPit

` T `oa I I+K \+a PiL \ g ` I6LVU�K D0FHGJILI�KMFNDPO Q�S Y GJL_G [ T � G b PSK � 	 � 	 }�a I GWe�e"P [Rq GJL [S` T~L ` D0FHGJI�ILKMFNDPO Q S
\]a nonoK \ L \ LVUfGJL~LVU�K G \+\]`;qj[ GJL [R` T b KML �7KjKQT � GWT Y � F�� � qj` T�LVKjT!L [S\ GJL]LVI [Rb�a LVG b PSKdL ` GWT

G \+\+`8qQ[ GJL [S` T b KjL �6KQKQT � GWT Y � F � � qQ` T�LVKjT�L G&,�7�� GWT Y � F � � qj` T�LVKjT!L [ T�L+U�K X g I [Sq GWT �
X�c KjI [Sq GWT Y GJL_G 	 C ` I-L+U�K � � r9NEe ` e a P GJL [R` T � U ` �6K v KjI � LVU�K G \+\+`8qQ[ GJL [S` T b KjL �6KQKjT � GWT Y

� F�� � qQ` T!L+KQT�L GJe�e KQGWI \ L `�` T"PSt b K=GJL+L+I [Rb"a L_G b PRK L ` GWT G \+\]`;qj[ GJL [R` T b KjL �6KQKjT � GWT Y

� F�� � qj` T�LVKQT�L�	

� U�K G \+\+`8qQ[ GJL [S` T b KjL �6KQKjT � GJT Y � F�� � qQ` T�LVKjT�L c G t b KmLVU"KmI+K \+a PiL ` g G�e�U�KQT `oc KjT ` T

�!T ` � T G \ "3%LG�S F17 0 F+,
F 4 / , � F+' S+% / ,�� � F ��� � K 	 n 	 
 GWIVG [R\ � yWzoz 	 � ��	 � U�K � F � U�t8e ` L+U�K \][R\

e"I+K Y"[Rq L \ LVUfG0L g ` IH� � r3P `8q GJL [R` T \-` T U `oc(` P ` n `oa�\�q U�I `Wc~`o\]`oc K \ � [ L+U=G F ` I � ` T ` T�K

q U"I `oc(`o\+`Wc K GJT Y GJT X ` I � ` T L+U�K ` LVU�KjI q U�I `Wc~`o\]`oc K �<Y�`oa"b PRK � \ L+IVGWT Y � b I]K G�� \ e�I]Kjg KjI �
KjT�L [ GJPRPSt `8qQqja I ` T L+U�K X ` I � GWPSPRKjPRKOGWT Y GWI]K�I+KjefG [ I]K Y�a�\][ T�n LVU�KHF ` I � ` T�K
	 � U�KQI]Kjg ` I]K �

I]KQn [S` T \ � [ LVU�U [ noU p � � IVG0LVK \7c~[ noU�L q I+K G0LVK G Y I [Sv K-L ` �7GWI Y"\ U [ noU"KQI7I]KQPRGJL [iv KOe�I ` e ` I^L [R` T \

` g�F � � qQ` T�L+KQT�L 	6N ` �6K v KjI �f\]`oc K q G a L [R` T \ U `oa P Y�b K-K��;KQI qQ[R\ K Y U�KQI]K � G \ LVU�K c G B]` I [ L
t ` g

`Wa I�noKjT `oc K qQ` T�LVKjT�L � GWT Y U�KjT q K~F�� � qQ` T!L+KQT�L � K vo` P v K Y P ` T�ndGWn ` �#[ 	 K 	 b Kjg ` I+K U a�c GWT \

Y"[Sv KjI+noK Y g I `oc ` L+U�KQI c G c(c GJP \�� � U [ PRKHLVU�K IVGJL+K \�` g � �7K U�G v K c KQG \+a I+K Y U"KQI+K U�G v K `;q �
qja I+K Y [ T I]KQP G0L [Sv KQPit�I+K q KQT�L b�[R` P ` n [Sq GWP L [Sc K �f[ 	 K 	 [ T L+U�KHU [R\ L ` I^t ` gsU a�c GWT \ 	 � U a�\ �6K GJI+K

T ` L qQ`oc efGWI [ T�n L+U�K \ K e"U�KQT `Wc KjTfG ` TdL+U�K \ G c K L [Sc K \]q GWPSK 	

w K GWI]K a TfG �7GWI+K ` g � UfG0L c~[ noU�L q G a�\ K � GWT Y � F � � qQ` T!L+KQT�LdL `xb K G \]\+`8qQ[ GJLVK Y �

L+U `oa nWU `Wa I I+K \]a PSL \ \+a nonWK \ L [ L [R\ GWT [ T v KQI \ K qj` I+I]KQPRGJL [S` T 	

w U�t(LVU�KjI+K c([ nWU!L b KOL+U [R\	Y�[i� KjI+KQT q K b KjL �6KQKjT�e ` e a P GJL [R` T \	[S\6a T q PSK GWI�	 X-\ LVU�K � � r9N

Y GJL_G qQ` T!LVG [ T \ g K��7KjI � � r \ L+UfGWT LVU�K X g I [Rq GWT � X�c KjI [Sq GWT Y G0L_G ��[ L qj`oa P Y \][Rc e�PSt b K LVU�GJL

L+U�K � � r9N I+K \+a PiL \ GWI]K PRK \+\ G qjqQa I+GJLVK GWT Y LVU�GJL�LVU"K Y K \]q I]KQefGWT q t [R\ T `o[S\ K [ T K \ L [Rc GJL [R` T 	

X T ` L+U�KQI e `o\+\][Rb�[ P [ L
t [R\ L+UfGJL LVU"KQI+K [S\ GWTdK��8L+KQI+T�GWP#g G q L ` ImT ` LOG qQqj`oa T�LVK Y g ` I [ T `oa I c~`8Y KjP

L+UfGJL [R\kqj` T�LVI [Sb�a L [ T�ndL ` LVU�K \ K~I+K \]a PSL \ 	��	KML GJT ` LVU"KQIHe `o\]\+[Sb�[ P [ L
t [R\ G noKjT [Ra T�K b�[R` P ` n [Sq GWP

Y"[S� KQI+KjT q K [ T)I]K qj`oc b�[ TfGJL [S` T c G q U [ T�KjI]t b KML �7KjKQTBLVU"K�L � ` e ` e a P GJL [R` T \ 	 �
T \+a e"e ` I^L ` g

L+U [R\ PRGJL+L+KQI&e `o\+\][Rb�[ P [ L
t � C K GWI]T�U�KQG Y GWT Y � c([ L+U � yWzoz � � ��\][Rc([ P GJI+PSt a�\][ T�nHefGJL]LVKjI+T \	` g � p g ` I



� ���

[ T"g KjI+KQT q K � g `oa T Y K v8[RY KjT q K�L+UfGJL \ K v KjIVGWP<U ` L \ e ` L \ G c(` T�n noKQT�K \ [ T D0FHGJILILKMFNDPORQ�S � e�KQI]UfGWe \

G \~c GWT�t�G \�	 z � � GJI+K T ` L \ UfGWI]K Y b KjL �6KQKjT LVU"K X g I [Rq GWT � X�c KjI [Sq GWT�GWT Y � � r	N e ` e a �
P GJL [R` T \ 	�N ` �7K v KjI � g ` I T ` � [ L [R\ Y�[A@(qja PSL L ` \ G t � U [Rq U ` g-LVU"K \ K ` e"L [R` T \ [S\ LVU�K c~`W\ L

P [ �JKQPit 	

� ��� � � � � ��� �

�
TxLVU [S\ q UfGWe;LVKQI � �7K Y K \+q I [Sb K Y G U [ KjIVGWI q U [Rq GWP c(`8Y KQP9LVUfG0L [ T qj` I+e ` I+GJLVK \ e `o\ L+KQI [S` I K \ L [ �
c GJL+K \ ` g�r9N X � � [ T!L ` GWT [Rc e ` I^L_GWT q K \ G c e"P [ T"n \+q U"K c K [ TdG c GWT�T"KQImLVU�GJLOGWPRP ` � \ma�\ L `

K \ L [Rc GJLVK~noKQT `oc K � � [SY K v GWI [ G b�[ P [ L
t [ T � GJT Y � 	 � [ G \][Rc a P GJL [R` T \ L a�Y t � �6K g `oa T Y L+UfGJL

`oa I c(`8Y KQP [R\ G b PRKHL ` e [ T�e `W[ T�L�L+U�K v GWI [ G b�[ P [ L
t [ T � � [ L+U \+`oc K G qjqQa I+G q t � b�a LkUfG \�c~` I+K

Y�[A@(qQa PSL
t [ T Y KjL+KQI c~[ T [ T�n v GWI [ G b"[ P [ L
t [ T�� 	 � U�K \ K Y�[ @(qQa PiL [ K \ T ` L � [ LVU \ L_GWT Y"[ T�n � �6K g `oa T Y

LVUfGJL `oa IOK \ L [Sc GJL+K Y � v GWI [ K \O\+a�b�\ L_GWT�L [ GWPSPSt � GJL-G \][Rc([ PRGWI PRK v KQP�G \ LVU�K v GJI [ G b�[ P [ L
t [ T K \ L [ �
c GJL+K Y � � G q I `o\+\ L+U�K noKQT `oc K [ T�LVU�K D0FHGJILI�KMFNDPO Q�S Y G0L_G \ KjL 	sw KHGWP \]` GJL+L+K c e"LVK Y L ` b I+KQG��
Y�` � T LVU�K6e�I+K v8[R`oa�\ PSt `ob�\ KQI v K Y qj` I+I]KQPRGJL [S` T b KjL �6KQKjT K \ L [Rc GJLVK Y I+GJLVK \*` g q I `W\+\+` v KQI9GWT Y LVU�K

\ KQl a KjT q K g KQGJL a I]K \ � � r Y KQT \][ L
t GWT Y � F � � qQ` T!L+KQT�L � L `�\ KjK [ g&L+U�K \ K qQ` I]I+KjP GJL [R` T \ �6KQI+K

e�I [Sc GWI [ Pit GJL+L+I [Sb�a L_G b PRKOL ` qQ` I+I+KjP GJL [R` T \7b KjL �6KQKQT � GWT Y LVU�K \ K g K GJL a I+K \ ` I b KjL �6KQKjT � GWT Y

LVU�K \ K�g K G0L a I]K \ 	&w K�g `oa T Y L+UfGJLmL+U�K qj` I+I]KQP G0L [R` T b KML �7KjKQT � GJT Y � � r Y KQT \+[ L
t GWe�e�K GWI \ L `

b K c~`o\ LmG0L+LVI [Rb�a L_G b PSK L ` G qQ` I]I+KQPRGJL [S` T b KML �7KjKQT�� GWT Y � � r Y KjT \+[ L
t GJT Y T ` L � GWT Y � � r
Y KQT \][ L
t 	 �
T qQ` T�L+IVG \ L � �7K g `oa T Y LVUfGJL LVU�K qj` I+I]KQP G0L [R` T b KML �7KjKQT � GWT Y � F�� � qj` T�LVKjT!L

GWe�e�K GWI \ L ` b KOI `oa nWU�PSt KQl a GWPSPSt GJL]LVI [Rb�a LVG b PSK7L ` K G q U ` g � GJT Y � 	 w)K�GWI]K a TfG �mGWI]K ` g#GWT�t

e�I+K v;[S`oa�\ `ob�\ KQI v G0L [R` T \ ` g LVU [S\ � [ T Y g ` I e ` e a P G0L [R` T Y GJL_G [ T U a�c GWT \ 	



� yWz

-/7�� ����� 	��

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

�
T �7UfGWe"L+KQI � � �6K c G��JK a�\ K ` gmG \][Rc a P GJL [R` T e�I ` noI+G c LVUfG0L [ T qQ` I+e ` IVGJL+K \kq I `o\+\]` v KQI

GJT Y noKQT�K qQ` T v KQI \+[R` T~U ` L \ e ` L \6[ T!L ` \+[Sc a P G0LVK Y e ` e a PRGJL [S` T UfGJe�P ` L
t8e�K Y GJL_G 	 � ` Y�`k\]` � �7K

� I ` LVK(GWT K��;L+KQT \][R` T=L ` � [Rq UfGWI Y � 	�N a�Y�\+` T � \ �]e�I ` noI+G c g ` I nWKQT�KjIVGJL [ T�n \ G c e�PSK \ a T Y KQI

T"K a L+IVGWP c~`8Y KjP \ � ��[ 	 K
	 LVU�K ��� \+[Sc a P G0L ` I � yJzoz�y � � G�� [RY KjPSt � a�\ K Y e"I ` noI+G c g ` I \+[Sc a P G0L [ T"n

nWKQT�KML [Rq v GWI [ GJL [S` T Y GJLVG�g ` IdI+GWT Y�`oc PSt � \ G c e�PRK Y UfGWe�P ` L
t8e K \ g I `oc G�e ` e a P GJL [R` T 	 � U�K

� ��e"I ` noI+G c GWPRP ` � \ LVU�K a�\ KjI L `x\ e K qQ[ g t v GWI [S`oa�\ G \ e�K q L \�` gke ` e a PRGJL [S` T Y K c~` noIVGWe"U!t �

[ T q P a�Y�[ T�nde ` e a P GJL [R` T \][R| K \ GJT Y c([ nWIVGJL [R` T efG0L+LVKjI+T \�� GWT Y g G q L ` I \ n ` v KQI]T [ T�n K vW` P a L [R` T �

[ T q P a�Y�[ T�n c a LVGJL [S` T ��q I `o\]\+` v KjI � GWT Y noKQT�K qQ` T v KQI \+[R` T IVG0LVK \ 	mN ` �6K v KQI � [ L e�I+K \ KQT�L+PSt Y�` K \

T ` L�GWPRP ` � g ` I v GWI [ GJL [S` T [ T I+K qQ`oc b"[ TfGJL [R` T IVG0LVK \ 	7w K UfG v K [ T qj` I+e ` I+GJLVK Y b�` LVU q I `o\+\]` v KQI

GJT Y noKjT�K qj` T v KQI \+[S` T U ` L \ e ` L \�[ T�L ` G�g I+KjKQPitHG v G [ P G b PRK � a e Y GJL+K Y \][Rc a P GJL ` I q GWPSPRK Y � � � � � 	

w K Y K \]q I [Rb KkL+U�Kke�I [ T qQ[ efGWP qQ`oc e ` T�KQT�L \ ` g�LVU�Kke�I ` noI+G cD[ TdL+U [R\ q U�GWe"LVKjI�	

����� � 	 � � 


� U"K qQa I+I+KjT�L [Rc e�PRK c KjT!LVGJL [S` T ` g�� � � N a�Y"\+` T � yWzoz�y �OGWPSP ` � \ LVU�K a�\ KjI-L ` \ e K qQ[ g t L+U�K
e ` e a P GJL [R` T � \+q GWPRK Y IVGJL+K ` g q I `o\]\+[ T�n � ` v KQI � � � GJT Y L+U�KkI+KjP GJL [Sv K I+GJLVK ` gsnoKjT�K qQ` T v KjI \][R` T L `
q I `o\]\+` v KjI � � � g ` I L+U�KdnoKQT"KjL [Sq I+Kjn [R` TBL `=b K \+[Sc a P G0LVK Y 	xN�KjI+K � % ��� "  � � U�KQI]K � " [S\
L+U�K qja I+I]KQT�L Y�[ e�P `W[RY e ` e a P GJL [R` T \+[S| K�GWT Y  [R\ LVU�K�e�I `ob G b�[ P [ L
t ` g G q I `o\+\]` v KQI `8qQqja I [ T�n

[ T LVU�K I]KQn [S` T [ T=G \+[ T"noPRK L+IVGWT \+c([R\+\][R` T g I `oc efGJI+KQT�LkL `d`W� \ e"I [ T"n � GWT Y � % � �  � � U�KjI+K
� Y KQT ` LVK \ L+U�K e�I `ob G b�[ P [ L
t ` g G�noKjT�K qQ` T v KjI \][R` T [ T [ L [ G0L [ T"n [ T L+U�K I+KQn [R` T ` g [ T�LVKjI+K \ L [ T

G \+[ T�noPRK LVI+GWT \]c~[S\+\+[S` T g I `oc efGWI]KQT�L L ` `W� \ e�I [ T�n�� w [Ra g GWT Y NOK [ T � yWzozoz ��	 � [ T q K  GWT Y

� GWI]K L
t8e [Rq GWPRPit \+c GWPRP � ` T LVU�K ` I Y KjI ` g � � � z q 
 � 
 b � Y"[Sv8[RY�[ T�n~L+U�K \ K efGWI+G c KMLVKjI \�b t L+U�K



� y �

sequence
a ab b1

1

1 2 2

2

ES

in
te

n
si

ty

1

��������-�� �
+,&� #"'��3  ��
" ������ ���3  ��
"  #"�� � � ���

GC
GC

GC

S E

case ii
case i

case iii

��&'��3 /1- 3 /���- -	�  6 3  �"
� 3�� 34��25-.6�
%��� 	�� - ��- "�3

C [ n a I+K { 	 �o� � G � �
PRP a"\ LVI+GJL [S` T ` g v GWI]t [ T"n q I `o\]\+` v KjI�GWT Y
�J` I noKjT�K qQ` T v KjI \][R` T [ T�LVKjT \+[ L [ K \ [ T
G~noKjT�KjL [Rq I+KQn [R` T � � ��� � 	ON�KQI]K L+U�K q I `o\]\+` v KjI � I]K \ e�K q L [iv KQPit nWKQT�K qQ` T v KjI \][R` T
� e�I `Wb G b�[ P [ L
t
 �� � � I+K \ e�K q L [Sv KQPSt � � � � [S\�[ T q I+KQG \ K Y b t G c a PSL [ e�PRK��  [ T � �  ���  � GWT Y b t G c a PSL [ e�PRK�� � [ T� � � ��� � � 	 � b � �
PRP a�\ L+IVGJL [R` T ` g�LVU�KkLVU"I+KQK Y�[S\ L [ T q LOnoKjT�K qQ` T v KjI \][R` T L
t8e�K \ LVUfG0L q GWT [ T�� a KjT q K
v GJI [ G0L [R` T [ T L+U�K noKjT�KjL [Rq I]KQn [S` T � � ��� � 	 � U�K nWI+Kjt v KjI]L [Rq GJP�P [ T�K \ I]KQe�I]K \ KjT�L LVU�K [ T [ L [ G0L [R` T
e `o[ T�L ` g KQG q U(n q K v KjT�L � GJT Y LVU�K b PRG q � U ` I [R|j` T�L_GWP b GWI \ I+Kje�I+K \ KjT!L6LVU�K I�' G 4 I KMF+, 0 I .�` g K G q U
` g�L+U�Kkn q K v KQT�L \ 	



� yoy

\ KQl a KjT q K PSKQT�nWL+U ` g LVU�K�noKQT"KjL [Sq I]KQn [S` T(n [Sv K \�� I+K \ e�K q L [Sv KQPit � L+U�K q I `o\]\+` v KjIme�I `ob G b�[ P [ L
t e�KQI

b G \ KjefG [ I �  �� � � GWT Y LVU"KHnWKQT�K qQ` T v KQI \+[R` T e�I `ob G b�[ P [ L
t~e�KQI b G \ KQe�G [ I � � � � 	
}�a I c(`;Y�[ h q G0L [R` T ����������GWPSP ` � \ LVU"K a�\ KjI L ` [ T \ KQI]L G \ c GWT�t T ` T � ` v KQI+PRGWe�e [ T�n

q I `o\]\+` v KjI~U ` L \ e ` L \ GWT Y T ` T � ` v KQI]P GWe�e [ T�n noKjT�K qQ` T v KjI \][R` T�U ` L \ e ` L \ GWP ` T�n G \ KQl a KjT q K

G \ LVU�KMt � [S\ U b t \ e K qQ[ g t [ T�n LVU�K P `8q GJL [R` T \ GWT Y [ T!L+KQT \][ L [ K \ g ` I�KQG q U 	 �;e K qQ[ h q GWPSPSt � [ T qQ` I �
e ` I+GJL [ T�n � q I `o\]\+` v KjI U ` L \ e ` L \ I+Kjl a"[ I+K \ L+U�K a"\ KQIkL ` \ e�K qj[ g t=GdPRKjg LHKjT Y e `o[ T�L ��� � I [ noU�L
KjT Y e `o[ T�L � � � GWT Y�[ T�L+KQT \][ L
t ����g ` I6K G q U � � % � ������� � � 	 �
T \][RY K�U ` L \ e ` L � � LVU�K-e�I `ob G b�[ P [ L
t
` gsG q I `o\+\]` v KQI `;qjqQa I [ T�n b KjL �6KQKjT L � ` G Y�B G q KQT�L b G \ KQefG [ I \ [ TdG \][ T�noPSK-LVI+GWT \]c~[S\+\+[S` T�g I `oc

e�GWI+KjT!LHL `d`W� \ e"I [ T"n [S\ ���	 �� � 	 } a L \+[SY K(GWT�t U ` L \ e ` L � LVU [S\ e�I `ob G b�[ P [ L
t [R\  �� � 	�� [Rc([ PRGWI+Pit �
[ T qQ` I+e ` IVGJL [ T�n �� noKjT�K qQ` T v KQI \+[R` T U ` L \ e ` L \ I+Kjl a"[ I+K \ LVU�K a�\ KjImL ` \ e K qQ[ g t G PRKMg LmKjT Y e `o[ T�L

���� � I [ noU�L-KjT Y e `o[ T�L �� � � GWT Y [ T�L+KQT \][ L
t ���� g ` I K G q U � � % � ������� � �� 	��
T \+[SY KHnoKQT�K qQ` T v KQI \][R` T

U ` L \ e ` L � � LVU�K-e�I `ob G b�[ P [ L
t ` g G nWKQT�K qj` T v KjI \+[S` T [ T�L [ L_GJL [R` T b KjL �6KQKQTdL � ` G Y�B G q KjT�L b G \ K �
e�G [ I \m[ T G \+[ T�noPSK-LVI+GWT \+c([R\]\+[S` T g I `oc efGWI]KQT�L L ` `W� \ e�I [ T�n [S\����� � � � 	 }�a L \][RY KHGWT�t U ` L \ e ` L �
L+U [R\ e�I `ob G b�[ P [ L
t [R\ � � � � \ KjK C [ n a I]K { 	 � � G ��	9F KQT�K qj` T v KjI \+[S` T U ` L \ e ` L \ c G t ` v KQI]P GWe � [ LVU
q I `o\]\+` v KjI�U ` L \ e ` L \ 	

�
TBN a�Y�\]` T � \ ��� � noKjT�K qQ` T v KQI \+[R` T � n q �HK v KQT�L \ [ T [ L [ GJL+K GJL \]`oc K b G \ KQefG [ I � � U [Rq U [S\

G \+\+a"c K Y L ` g ` I c LVU"K PRKMg L � e `o[ T!L ` g LVU�K~I+KQn [R` T)G � K q L+K YBb t L+U�K�n q 	 � U�K I [ noU�L � e `o[ T�L [S\
L+U�KQT Y KjL+KQI c([ T"K Y b t$LVU�K b G \ KQefG [ I�PSKQT�nWL+U ` g-LVU�K I+KQn [R` T G � K q L+K Y b t�LVU�K n q � [ 	 K
	 L+U�K

I�' G 4 I KMF+, 0 I . � � U [Sq U [S\ G \+\]a�c K Y L ` UfG v K G noK `oc KMLVI [Rq�Y"[R\ L+I [Sb�a L [S` T � [ LVU a�\ KjI � \ e�K qQ[ hfK Y
c K GJT 	 � U [R\HY�[S� KQI]KQT q K [ T LVU�K LVI]K GJL c KjT�L ` g7LVU"K~PSKjg LHGWT Y I [ noU�LkKQT Y e `o[ T�L \Hq G a�\ K \H\+`oc K

G \ t c~c KjL+I]t � U�KjT LVU�K�IVGJL+K ` g�n q�[ T [ L [ GJL [S` T [R\ GWPRP ` �7K Y L ` v GJI]t~GWP ` T�n L+U�K-I]KQn [S` T 	 � ` Y KQGWP

� [ LVU L+U [R\�� �7K q UfGJT�noK Y L+U�K c~`8Y KQP�L ` G \]\+a�c K LVUfG0L n q K v KQT�L \O[ T [ L [ GJLVK�GJL \]`oc K-e `o[ T�L GWT Y

L+U�KQT \ e�I+KQG YBb�` LVUxI [ noU�L GWT Y PSKjg L [ T Y KQe�KQT Y KjT�LVPSt)G qjqQ` I Y�[ T�n L ` noK `oc KjLVI [Rq(Y�[R\ LVI [Rb�a L [R` T \

� [ LVU a"\ KQI � \ e K qQ[ h�K Y=c KQGWT � � 	 � U a�\��<[ T `oa I c(`8Y KQP � LVU"K LVI+G q L PSKQT�nJLVU [S\ LVU�K \+a�c ` g9L � `

[ T Y Kje KjT Y KQT�LknoK `oc KjLVI [Rq Y�[R\ LVI [Sb�a L [R` T \ � [ L+U c K GWT ��� 	 �
T qj[RY KjT�L_GWPSPSt � LVU [S\-[S\ GWP \]` e�KQI+U�GWe \
G b KML+L+KQI-I]KQe�I]K \ KQT�L_GJL [R` T ` gsLVU"K P [Sc~[ LVK Y �8T ` � PSK Y nWK G v G [ PRG b PRK ` T LVU"K b�[S` P ` nJt a T Y KjI+Pit [ T�n
n q K v KjT�L \ L+UfGWT�LVU"Kkg ` I c a PRGJL [S` T [ TdL+U�K ` I [ n [ TfGWP�� � � � |Q`o\ L_G���KMLOGWP 	 � ��� � 	 � � � K � I+Kjt \ GWT Y

� K a�c GWT�T � yWzoz�y � ��	



� y 	

����� ��	 � � � �-� �  !	��

� U�K b G \+[Sq GJPRn ` I [ L+U c ` g�� � � � � [S\ G \HY K \+q I [Sb K Y)[ T N a"Y�\+` T � ����� 	 ��	 �
T b I [ Kjg � ��� nWKQT �
KQIVG0LVK \ GJT q K \ LVI+GWPsI]K qQ`Wc b�[ T�GJL [S` T noI+GWe�U \ g ` I G \ G c e�PSK ` g q U�I `Wc~\]`oc K \�b t \ L `8q UfG \ L [Rq GWPRPit

Y KjL+KQI c([ T [ T�n �]K v KQT�L \ �=L ` `8qQqQa I ` TxL+U�K�GWT q K \ LVIVGJP c GJLVKjI [ GJP ` g LVU�K q U�I `oc(`o\]`oc K \ n `o[ T�n

b G q � [ T L [Rc K ��a T�L [ P6GWPSP9L+U�K c GJLVKjI [ GWP9UfG \ qj` GWPSK \+q K YB[ T!L ` G qj`oc~c(` T)GWT q K \ L ` I�	 w K�I]K �
g KQI L ` GWT�t [ T Y"[Sv8[RY�a GWP \ Kjn c KjT�L ` g L+U [R\ GWT q K \ L+IVGWP c G0LVKQI [ GWP9G \ GWT �]GWT q K \ L+IVGWP \ KQn c KjT!L�	 �
r ` L+KQT�L [ GWP �^K v KjT�L \ � [ T q P a"Y K(L+U�K qj` GWPRK \ KjT q K ` g L � ` \+a"q U \ KQn c KQT�L \ ` I G I]K qj`oc b�[ TfGJL [S` T

K v KjT�L � [ 	 K
	 q I `o\+\]` v KQI ` I-noKjT�K qQ` T v KQI \+[R` T � `8qQqQa I [ T"n [ T G \+[ T�noPRK \ Kjn c KQT�L 	 �
T qQ` I]e ` IVGJL [ T�n

U ` L \ e ` L \H[ T vo` P v K \ q UfGWT"n [ T�ndLVU"K~I+GJLVK \ GJL � U [Sq U)LVU�K \ K~I+K qj`oc b�[ TfGJL [R` T K v KQT�L \ `;qjqQa I � G \

Y K \]q I [Sb K Y b KQP ` � 	 � U�K qj` T \ Kjl a KQT q K \ ` g�LVU�K \ K K v KjT�L \�� � U [Rq U [ T vo` P v K \ e�P [ L]L [ T"n GWT q K \ L+IVGWP

\ KQn c KjT!L \�� GWI+KOT ` L q UfGWT"noK Y b t LVU"K [ T!L+I `8Y�a�q L [R` T ` g#U ` L \ e ` L \ GWT Y GJI+K�GWPRI]K G Y t Y K GWPiL � [ LVU

[ TdN a"Y�\+` T � \�qQ`8Y K 	sw K LVU�KjI+Kjg ` I+K Y�` T ` L Y K \+q I [Rb KHL+U [R\ e"I `8q K \]\�[ T Y KjLVG [ P 	

� U"K IVGJL+K ` gsK G q U e `o\+\][Rb PSK I]K qj`oc b�[ TfGJL [S` T K v KjT�L �<b G q � �7GWI Y"\ [ T L [Rc K � [R\OY KMLVKQI c~[ T�K Y
b t qQ`oc e a L [ T�n L+U�K e�I `ob G b�[ P [ L
t ` g6L+U�K K v KQT�L `;qjqQa I]I [ T�n [ T G \][ T�noPSK noKjT�KQI+GJL [S` T d / ' b G&'17�S

[ TdL [Rc K � GJT Y c a PSL [ e�PSt [ T�n LVU [S\ b t ��� " 	mw KHL+U�KQI]Kjg ` I]K g `8qQa�\O` T qj`oc e a L [ T�n LVU�KHI+KjPRK v GWT�L

e�I `ob G b�[ P [ L [ K \ g ` I �7GWI Y�\ [ T L [Rc K 	 �
T L+U�K g ` PSP ` � [ T"n��6K a�\ K � � � � � L `�Y KQT ` LVK GWT GWT q K \ L+IVGWP
\ KQn c KjT!L b KQn [ T�T [ T�n GJL ��GJT Y KjT Y�[ T�n(GJL � 	

4+' / S S /�� F+'

X-\+\]a�c K � � � � �sqj` T�L_G [ T \ � q I `o\]\+` v KjI U ` L \ e ` L \�� KQG q U � [ L+U PRKMg L�KQT Y e `W[ T�L ��� � I [ noU�L�KjT Y �
e `o[ T�L � � � GWT Y [ T�LVKQT \+[ L
t ��� � � % � ������� � � 	 u T Y KjI L+U�K c~`8Y KjP Y K \]q I [Sb K Y G b�` v K � LVU�K

e�I `ob G b�[ P [ L
t ` g*G q I `o\]\+` v KjI [ T [ L [ GJL [ T�n GJLOGWT�t�efGJI]L [SqQa PRGWI b G \ KQe�G [ I���� � � � � ��[R\ �

r&I � q I `o\+\]` v KQI-GJL�� � % � � � ���� �  ��	��
 
 �
� � � � � � ��� 	 � � �  �� � � � { 	 � �

N�KQI]K ����
 
 �
� � � � � [R\ GWT [ T Y�[Sq GJL ` I g a T q L [R` T � L_G�� [ T"n~LVU"K v GWP a K�� [ g�� [R\O[ T q I `W\+\+` v KQI�U ` L \ e ` L
� GWT Y z ` LVU"KQI � [S\ K
	 � U�K L ` L_GWP*e�I `ob G b�[ P [ L
t ` g7G q I `o\]\+` v KjI `8qQqja I+I [ T�n [ T � � � � �9[S\ g `oa T Y
b t \]a�c(c~[ T�n ` v KQI�� [ T � { � � ��	 � g G q I `o\+\]` v KQI [R\ L `=`;qjqQa I [ T � � � � � � L+U�K P `8q GJL [R` T�� [R\



� y �

\ KQPSK q L+K Y � [ LVU~e�I `ob G b�[ P [ L
t e�I ` e ` I^L [R` TfGWP�L ` � { � � ��	 � w K�L+UfGWT � � 	 � 	 X T Y KQI \+` T�g ` I \ UfGWI [ T�n
GJT GJT�T ` LVGJLVK Y v KQI \][R` T ` g*N a�Y"\+` T � \OqQ`8Y KkK Y�[ LVK Y L ` [ T qQ` I]e ` IVGJL+K q I `W\+\+` v KQIOU ` L \ e ` L \ 	 �

0 F+,
F 4 / , � F+' S+% / ,

� G q U$noKjT�K qQ` T v KQI \][R` T�K v KQT�L q GWT b K LVU `Wa noU�L ` g�G \ UfG v8[ T�n GJT � [ T [ L [ G0L [R` T e `o[ T�L � GWT Y
�^I [ nWU!L � GWT Y �]PRKMg L � KjT Y e `o[ T�L \ 	xw)K Y�[S\ L [ T�n a"[R\ UBL+U�I+KjKdL
t8e�K \(` g�noKQT�K qj` T v KQI \+[S` T�K v KjT!L

L+UfGJL q GWT [ T�� a KjT q KkefG0L+LVKjI+T \O` g�noKQT"KjL [Sq�v GWI [ GJL [S` T [ T � � � � � � \ KjK C [ n a I]K { 	 � � b � �

� 	 ��� ��� �^�*GHn q K v KQT�L [ T [ L [ GJL+K \ � [ L+U [ T � � � � � GWT Y UfG \ KQT Y e `o[ T!L \ L+UfGJL c G t b K�K [ LVU"KQI
[ T \][RY K ` I `Wa L \][RY K�L+U [R\ I+Kjn [R` T 	

y 	 ��� ��� ���^�-G n q K v KjT�L [ T [ L [ GJL+K \ L ` LVU�K PSKjg L ` g � GJT Y UfG \ G�I [ noU�L KQT Y e `o[ T�L � [ LVU [ T

� � � � � 	

	 	 ��� ��� �����^�6G~n q K v KQT�L [ T [ L [ GJL+K \ L ` LVU�K I [ nWU!L ` g � GWT Y UfG \ G(PRKMg L-KjT Y e `o[ T�L � [ LVU [ T

� � � � � 	

� U�KHg ` PRP ` � [ T�n \]a�b�\ K q L [R` T \ n [Sv KkL+U�K I]KQPRGJL [iv Kke�I `Wb G b�[ P [ L [ K \�� GWT Y Y K \+q I [Rb K U ` �ZL `~Y K �
L+KQI c~[ T�K(L+U�K�KjT Y e `o[ T�L \�� g ` I K G q U ` gmLVU�K \ K�L
t8e�K \ ` gmK v KjT�L 	 X-\]\+a�c K � � � � �6qQ` T!LVG [ T \ ��
nWKQT�K qQ` T v KjI \][R` T�U ` L \ e ` L \�� KQG q U � [ L+U�PSKjg L6KQT Y e `o[ T!L ���� � I [ noU�L7KjT Y e `o[ T�L	�� � � GWT Y�[ T�LVKjT \+[ L
t
���� � � % � ������� � �� 	

��� ��� ��� ���

� U"KHe"I `ob G b�[ P [ L
t ` gsG L
t8e�K [ K v KjT!L [ T [ L [ GJL [ T�n G0L ��� � � � � ��[S\

r&I � L
t8e K [ n q GJL�� � % � � � ����� �  �� ��
 
 �� � � �� � � � ���� 	 � � � � � � � � { 	 y �

� U"KQI+K � ��
 

�
� � �
�
� � � [R\ GWT [ T Y"[Rq G0L ` I Y KjT ` L [ T�n � U�KjL+U�KQI b G \ KQefG [ I � [R\�[ T nWKQT�K qQ` T v KQI \][R` T

U ` L \ e ` L � 	 � g GHL
t8e�K [ K v KjT�L `;qjqQa I \��"[ L \ KQT Y e `o[ T�L \ GJI+K Y KjL+KQI c([ T"K Y b t(hfI \ L \ KjPRK q L [ T�n L+U�K
[ T [ L [ GJL [R` T e `o[ T�L � � � � [ L+U e�I `ob G b�[ P [ L [ K \ e�I ` e ` I]L [S` TfGWP�L ` � { 	 y � � GWT Y L+U�KQT \][Rc a PRGJL [ T�n~L+U�K



� y �

PRKjg L GWT Y I [ nWU!LmKQT Y e `o[ T!L \ G \ � 	
�  GWT Y � � � � � � [ LVU � � [ T Y Kje KjT Y KjT!L+PSt \ G c e�PRK Y g I `oc G

noK `oc KjL+I [Sq � � � ��	 � ` LVK�LVU�GJL LVU�K \ KkKQT Y e `o[ T�L \ c G t g GJPRP `Wa L \][RY K � � � � � 	

� � ��� ��� �����

w [ LVU � � � � � ��� � LVU�K~e�I `Wb G b�[ P [ L
t LVUfG0L G�L
t8e K [R[ K v KQT�L [ T [ L [ GJLVK \ GJL G b G \ KQe�G [ I 
 L ` LVU�K
PRKjg L ` g � � LVU a�\ 
 [R\m`oa L \+[SY K � � � � � ��[ T qQ` T�L+IVG \ L L ` � G b�` v K � GWT Y U�G \ G I [ noU�LmKQT Y e `W[ T�LOGJL� � � � � � ��[S\ n [Sv KQT b t��

r&I � L
t8e K [R[ n q [ T [ L [ GJL [ T�n 
 � KQT Y�[ T�n � � % � � ��� � � 	 � � � � � � ��� �  � � 
 
 ��
� � �� � � � ���� 	 � � � � � � �
� { 	 	 �

� U�KQI]K 
 I+GWT�noK \ g I `oc 	
� L ` � � GWT Y �

� 
 
 �
�
� �
�
� � � [S\ GJT [ T Y�[Rq GJL ` I~g ` I � U�KjL+U�KQI 
 [R\d[ T

U ` L \ e ` L � 	 � ` L+K�LVUfGJL7g ` I \+[Sc e"P [Rqj[ L
t �6K UfG v KHG \]\+a�c K Y � G \ [ T � � � LVUfGJL7LVU�K q U�I `oc(`o\+`oc K
UfG \ [ T"h�T [ L+K�PRKjT�nWLVU 	

� U"KdL ` L_GJPme�I `Wb G b�[ P [ L
t ` g�G L
t8e K [S[ K v KQT�L `;qjqQa I]I [ T"n [ T � � � � � [S\ LVU�KjT `ob L_G [ T�K YBb t

\+a�c(c~[ T�n � { 	 	 � ` v KQI e `W\+\+[Sb PRK v GWP a K \ ` g � GJT Y 
 �

r&I � L
t8e K [R[ n q � % ���� �	� �  � � �
� � � � 	 � � ��� � � 	 ����� � � � ��� �  � � 
 
 �� � � �� � � � ���� 	 � ��� � � � � �

� { 	�� �
� g#G�L
t8e K [R[ K v KQT�L `8qQqja I \��![ L \ I [ nWU!L9KjT Y e `o[ T�L � � � ��[R\&q U `o\ KQT v8[ GkG-LVI a T q G0LVK Y noK `oc KMLVI [Rq

Y�[R\ LVI [Sb�a L [R` T � [ 	 K 	9r&I � � � %�� � �
�

� � � � � � � 	 ��� � g ` I � � % � � � ������� � � ��	

� � ��� ��� ����� �

� U�KHL
t8e�K [S[R[ n q K v KjT!L \ GWI]K \][Rc([ PRGWI6L ` L+U�KHL
t8e�K [S[ K v KQT�L \ G b ` v K ��b�a L � [ LVUdP [ T � \ \ LVGWI]L [ T�n
g I `oc LVU�KkI [ noU�L KQT Y ` g*G GWT q K \ L+IVGWP \ Kjn c KQT�L�GWT Y qQ`oa T�L [ T�n g I `Wc I [ noU�L L ` PRKMg L 	

� U"K \]`oa I q K qQ`8Y Ksg ` I � ������� [R\ G v G [ P G b PSK b t K c G [ P g I `oc n�GWI+I]KjL]LVU�
 \ LVGJL 	 �7G \ U [ T�nWL ` T 	 K Y�a �

GWP ` T"n � [ LVU G qjqQ`oc efGWT�t [ T"n [ T \ L+I a�q L [S` T \ 	



� yW{

-/7�� ����� 	��

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

�
T �7UfGWe;LVKQI � � �6K Y K \]q I [Rb K Y LVU�K Y�`Wa�b PRK � \ LVIVGJT Y � b I+K G � c(`;Y KjP � G \<qQ` T q K [iv K Y b tk� |j`o\ LVG��
KML�GWP 	 ����� � 	 � � GWT Y Y K \+q I [Rb K Y K GWI]PSt GJL+L+K c e"L \ L `(c(`;Y KjP noKjT�K qQ` T v KjI \][R` T a"\+[ T"n�� p Y GJL_G �

G \ �6KQPRP6G \ qQa I]I+KQT�L qj` GWPSK \+q KQT�L � b G \ K Y GJL]LVK c e"L \ L ` c~`8Y KjP q I `o\]\+` v KjI�	 �
T �7U�GWe"LVKjI y � �7K

K��8LVKQT Y K Yd` T�K \+a�q U qj` GWPSK \+q KQT�L � b G \ K Y � p c~`8Y KjP g ` I q I `o\+\]` v KQI � LVU�K-r X � P [ �WKjP [ U `;`8Y ` g � [
GJT Y �8L+KQe�U�KjT \ � yWzoz 	 � � L `#B]`o[ T!L+PSt K \ L [Sc G0LVK IVGJL+K \ ` g noKQT"K qQ` T v KQI \+[R` T$GWT Yxq I `o\]\+` v KjI g ` I

U�GWe�P ` L
t;e�K e ` e a PRGJL [S` T Y GJLVG 	 �
T �7UfGWe"L+KQI 	 � �7K~G \]\ K \]\ K Y GWT Y qQ` I+I+K q L+K Y G b�[ G \ [ T noKjT�K

qj` T v KjI \+[S` T K \ L [Rc GJL [S` T �7Kkg `oa T Ydv8[ G \+[Sc a P G0L [R` T \ L a"Y t 	 �
T �7UfGWe;LVKQI � � �6K [ T qQ` I]e ` IVGJL+K Y
`Wa I c~`8Y KQP [ T�L ` LVU�K�r9N X � � GJPRn ` I [ L+U c � �8LVKje�U�KjT \ KjL7GWP 	
� yWzWz � � � �!LVKQe"U�KQT \ GWT Y p ` T�T�KQPSPSt
� yWzoz 	 � � L `�B]`o[ T!L+PSt K \ L [Rc GJLVK&UfGJe�P ` L
t8e�K \ GWT Y IVGJL+K \ ` g�noKjT�K qQ` T v KjI \][R` T GJT Y q I `o\]\+` v KjI a�\+[ T�n
nWKQT ` L
t8e�K Y GJL_G �0a�\][ T�n h �;K Y e�I [S` I<efGWI+G c KMLVKjI \�` T � GWT Y � 	 �
T �7UfGJe"LVKjI � � �6K [ T qQ` I]e ` IVGJL+K Y
e `o\ LVKQI [R` I	K \ L [Sc GJL+K \ g I `oc r9N X � � [ T!L ` G U [ KQI+GWI q U [Sq GWP c(`;Y KjPfLVUfGJL GWPRP ` � \	a�\ L ` K \ L [Sc GJL+K

L+U�K�noKjT `oc K � � [RY K v GWI [ G b"[ P [ L
t [ T � GWT Y � 	 �
T��7UfGWe"L+KQI { � �7K Y K \+q I [Rb K Y G g I]KQKQPit � G v G [ PRG b PRK
\][Rc a P GJL [ T�n~e�I ` nWIVG c Y K \][ noT�K Y L ` [ T qQ` I+e ` IVGJL+K q I `o\+\]` v KQI GWT Y noKjT�K qQ` T v KjI \][R` T U ` L \ e ` L \

[ T�L ` \+[Sc a P G0LVK Y U�GWe�P ` L
t;e�K e ` e a PRGJL [S` T Y GJLVG 	

� ��� ��	�� � 
 ���
 	�� � 	 	 	�� � � ���
	 ��	  6� ���  	��  �� D0FHGJI�ILKMFNDPO Q S���� ���� ��	  
� � � �����
��	�� �
�

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

w K�GWe"e�P [ K Yx`oa I c~`8Y KjP7GWT YBc KMLVU `8Y�` P ` nWt L ` L+U�K,D0FHGJILI�KMFNDPO Q�S Y GJL_G \ KjL Y"a I [ T�n \ K v KQI+GWP

\ L_GWnWK \O` g `oa I c(`;Y KjP � \ Y K v KQP ` e c KjT�L 	mw K K \ L [Sc G0LVKknoKQT `oc K�� [RY K � G v KjIVGWnWK � � LVU"K I]KQP G0L [Sv K
I+GJLVK ` g noKjT�K qQ` T v KQI \][R` TxL ` q I `o\+\]` v KQI � L ` b K � 	 � � G \]\+a�c([ T"n LVU�K~LVIVG q L PSKQT�nWL+U ` g noKjT�K

qj` T v KjI \+[S` T K v KjT!L \s[R\ � zWz b e � � [ L+U K \ L [Sc G0LVK \ L
t8e [Sq GWPSPSt \][Rc([ P GJI b KjL �6KQKQT X g I [Sq GWT � X-c KQI [Rq GWT
GJT Y � � r	N e ` e a PRGJL [S` T \ 	 � U�GJLkK \ L [Rc GJL+K Y �xGWI]K \+[Rc([ PRGWI b KML �7KjKQT=LVU�K L � ` e ` e a P GJL [R` T \



� y��

[R\ T ` L \]a I+e�I [R\][ T�n � G \ L+U�K \ K L � ` e ` e a PRGJL [S` T \O\ UfGJI+K c a�q U ` g&LVU�K [ I-K vo` P a L [S` TfGWI^t U [R\ L ` I^t �

GWT Y [ L [R\ L+U�K K � K q L ` g	I+K qj`oc b�[ TfGJL [R` T \ GWP ` T"n�LVU [S\ U [S\ L ` I]t LVUfGJL `Wa I c(`;Y KjPsGJL]LVK c e"L \ L `

q GWe"L a I+K
	 �8L [ PSP [ L � `oa P Yxb K [ T!L+KQI]K \ L [ T�n L ` L+I]t GWT Y KQP a"qQ[RY GJLVK Y�[S� KQI]KQT q K \ [ T � b KjL �6KQKjT

LVU�K�e ` e a P GJL [R` T \6[ g<L+U�Kjt�K�� [R\ L � G \ \+`oc K \ L a�Y�[ K \m\]a nonoK \ L \+`oc K�g KQGJL a I+K \ ` g�I]K qj`oc b�[ TfGJL [S` T

GWI+K I+GWe [SY PSt�� GWT Y e KjI+UfGWe \�qQa I]I+KQT�L+PSt �$K vo` P v8[ T�n � K 	 n 	@I+K qQ`oc b"[ TfGJL [R` T�U ` L \ e ` L \ 2 \ KQK

C KQGWI+T"U�K G Y GWT Y � c([ L+U � yWzoz�� � � � K � I]Kjt \ KjL GWP 	 � yWzoz�� � ��	 N ` �6K v KQI �	[ L [R\HY�[ @~qja PSLHL ` LVKQPSP
U ` � c a�q U e ` �6KQI `oa I c KjL+U `8Y c([ nWU!LmUfG v KkL ` Y�`(\+` 	

} T�K(l a K \ L [S` T �6K �6KQI]K~efGJI]L [SqQa PRGWI+Pit [ T!L+KQI]K \ L+K Yx[ T �mG \ � U�KjL+U�KQIHLVU�KjI+K [R\k\ L+I ` T"n K v �
[RY KjT q K LVUfGJL � v GWI [ K \ g I `Wc P `8q GJL [R` T$L ` P `8q GJL [R` T [ T�LVU�K noKQT `oc K
	 � \ L [Rc GJL+K Y I+GJLVK \�` g

q I `W\+\+` v KQI9UfG v K b KQKjT `Wb�\ KjI v K Y L `-v GWI]t b�` LVU � [ LVU [ T GWT Y b KjL �6KQKjT~I]KQn [S` T \ L+UfGJL9GJI+K7L+KQT \&` g

� [ P `ob G \ K \	[ T \+[R| K 	&N ` �7K v KQI ��[ L [S\9a T �!T ` � T � U�KMLVU�KjI	L+U [R\&v GWI [ G b�[ P [ L
t [S\	c(`o\ L7G0L+LVI [Rb�a L_G b PSK
L ` v GJI [ G b�[ P [ L
t [ T Y�`oa�b PSK � \ LVI+GWT Y � b I+KQG�� � p � � � IVGJL+K \�� � � ` I v GWI [ G b"[ P [ L
t [ T � 	7w U [ PRK�LVU"KQI+K

[R\ I+K G \+` T L ` LVU [ T ��LVU�GJL v GWI [ GJL [R` T [ T �([S\ I]K \ e ` T \+[Rb PRK g ` IOL+U�K e�U"KQT `oc KQT ` T ` g q I `o\]\+` v KjI
U ` L \ e ` L \��8[ L [S\ PSK \]\6q PRK GJI [ g v GWI [ GJL [R` T [ T � c([ noU�L b KOL+U�K�e"I [Rc GWI^t g ` I q K b KQU [ T Y v GWI [ G b�[ P [ L
t

b KML �7KjKQT � K
	 n 	 � LVU�K b G q �!noI `oa T Y IVGJL+K \6` g q I `o\+\]` v KQI b KjL �6KQKjT L � ` noKjT�K \ 	 } a I \ L a�Y�[ K \ U"KQI+K
\+a nonWK \ L-LVUfGJL � c G t v GWI]t G c(` T�n noKjT�K \ B]a"\ LkG \-c a�q U G \ � � `oa L \+[SY K ` g9U ` L \ e ` L \ 	HN ` � �
K v KjI �![ T�L+KQI+e"I+KjLVGJL [S` T ` g `oa I&I]K \+a PSL \&[S\&c G Y K Y�[A@(qja PSL b t L+U�K P G q � ` g qQ` T qQ` I Y GWT q K b KjL �6KQKjT
K \ L [Rc GJLVK \ GWT Y LVI a K v GWP a K \ ` g*e�GWIVG c KjL+KQI \ g ` I \+[Rc a P GJL+K Y�Y G0L_G 	

w K�GJP \+` K��;e�P ` I+K Y�qj` I+I]KQP G0L [R` T \9b KML �7KjKQT�I+K qQ`oc b�[ TfG0L [R` T~I+GJLVK \ GWT Y�\ Kjl a KQT q K�g K GJL a I+K \ 	

�
T efGWI^L [SqQa PRGWI � I+K \ K GWI q U�KQI \ UfG v K e�I+K v;[S`oa�\ PSt$g `oa T Y G \ LVI ` T�n qQ` I+I+KjP GJL [R` T b KjL �6KQKjT3K \ L [ �
c GJL+K Y I+GJLVK \(` g q I `o\]\+` v KjI `Wa L \][RY K ` g�U ` L \ e ` L \ GJT Y KQG q U ` g-� � r Y KQT \][ L
t$GWT Y � F�� �

qQ` T�LVKjT�L 	�w K G [Rc K Y L `�\ KQK [ gsLVU�K \ K qj` I+I]KQPRGJL [S` T \ �7KjI+K e�I [Rc GWI [ PSt�GJL+L+I [Sb�a L_G b PRKkL ` G \+\]`;qj[ �
GJL [S` T \Ob KML �7KjKQT p � � IVG0LVK \ GWT Y LVU"K \ K g KQGJL a I+K \-` I GWT G \+\+`8qQ[ GJL [S` T b KjL �6KQKjT � GWT Y LVU"K \ K

g K GJL a I+K \ 	 C ` I � � r Y KjT \+[ L
t �<`oa I Y GJLVG GWT Y GWT�GWPSt \+[S\�\+a nonoK \ L LVUfG0L�� [R\ LVU�K e"I [Rc GWI^t g KQG �
L a I]K ` g q I `o\]\+` v KjI G \+\+`8qQ[ GJLVK Y � [ LVU v GWI [ G b PRK � � r Y KjT \+[ L
t [ T U a�c GWT \ 	 � U [R\ G \+\+`8qQ[ GJL [S` T

b KML �7KjKQT)L+U�K~I]KQPRGJL [iv K IVG0LVK(GJL � U [Rq U p � �7\ GWI]K(I]K \]` P v K Y G \ noKjT�K qQ` T v KjI \][R` T \Hv KjI \+a"\ G \

q I `W\+\+` v KQI \ GWT Y L+U�K Y KjT \+[ L
t ` g�U�KMLVKQI `o| t8n `W\+[ L [ K \s[ T G�I]KQn [S` T UfG \&b KQKjT e�I+K v;[S`oa�\ PSt I+KQe ` I^LVK Y

[ T G \ L a�Y t ` g � ' / S / $ . % K G � ��GWT�noPSKjt KMLHGWP 	 � yWzozoz ��	 �
T qj` T�LVIVG \ L � �6K g `oa T Y \+[Sc~[ P GWI PSK v KjP \



� y �

` g G \+\]`;qj[ GJL [R` T b KML �7KjKQT � F � � qj` T�LVKQT�L GJT Y K G q U ` g � GWT Y � 	 � U�K b�[ G \ K Y noKjT�K qQ` T �
v KQI \+[R` T U�t;e ` L+U�K \][R\ � K
	 n 	 
 GWI+G [R\ � yWzWz 	 � � [R\ G�e�I ` e `o\ K Y LVU�K ` I]t LVUfG0L c([ noU�L�K��;e�P G [ T L+U�K
G \+\+`8qQ[ GJL [S` T b KML �7KjKQT � F � � qQ` T!L+KQT�LHGWT Y Y�`oa�b PSK � \ LVI+GWT Y � b I+KQG��dIVGJL+K \ 	 � U [S\ U�t8e ` L+U�K \][R\
\]a nonoK \ L \ L+UfGJL&LVU"K p � � GJT Y � F�� � qj` T�LVKjT!L7G \]\+`8qQ[ G0L [R` T [R\ LVU"KOI]K \]a PSL ` g#GWT K vW` P a L [R` TfGWI]t

K � K q L ` g p � � IVG0LVK \ L `(\]`oc K Y KQnWI+KQK Y I [Sv8[ T"n(F � � qQ` T�LVKjT�L 	 � U�KHG \+\]`;qj[ GJL [R` T b KjL �6KQKjT �

GJT Y � F�� � qQ` T�L+KQT�L7U�G \ T ` e�I]K v8[R`Wa�\ K��;e�P GWT�GJL [S` T \ �7K�GWI]K-G �7GWI+K ` g � e KjI+UfGJe \6Y"a KOL ` L+U�K

Y"[A@(qQa PiL
t ` g `ob LVG [ T [ T�n K \ L [Sc G0LVK \ ` g*noKjT�K qQ` T v KQI \][R` T G q I `o\+\ \ K v KjIVGWP noKjT `oc([Rq I]KQn [S` T \ 	

� ��� 	 � � � ��� 	 � � 
6 �&� �  !	�� � 	 � � 	 � �



� [Rc a PRGJL [S` T \ [ T �7UfGWe;LVKQI 	 GWT Y KjP \ K�� U�KjI+K \]a nonoK \ L `oa I c(`;Y KjP [S\ G b PRK L `)q GWe"L a I+K L+U�K

K � K q L \ ` g noKQT"K qQ` T v KjI \][R` T ` TBefG0L+LVKjI+T \ ` gOP [ T��JGJnoK Y"[R\ Kjl a�[ P [Rb I [Ra�c � [ LVUBU [ noUxe�I]K qj[R\+[S` T

g ` I�PRGWI+noKkI+GJLVK \-` g&nWKQT�K qj` T v KjI \+[S` T � K 	 n 	 � � � 	 z � � b � � U"KQT G \]\+a�c([ T�n�G(L+IVG q L�PRKjT�nWL+U ` g
� zoz b e
��	&N ` �6K v KQI � [ T LVU�K D0FHGJILILKMFNDPORQ Y GJL_G �6K K��"G c([ T"K Y �;`oa ImK \ L [Sc G0LVK \7Y�` T ` L \]a nonoK \ L

L+UfGJL c a�q UxnoKjT�K qj` T v KQI \+[S` T [R\ `;qjqQa I [ T�n GJL L+U [R\ PRK v KQP ` gOGWe�e"I ` � [Rc GJLVKjPSt L+KQTxL [Sc K \ L+U�K

U [R\ L ` I [Sq GWP�nWKQT `oc K�� [SY K6G v KQI+GWnoK7I+GJLVK ` g q I `o\]\+` v KjI�	9N ` �6K v KQI � LVU [S\�Y G0L_G \ KjL qj` T \][R\ L \*` T"PSt ` g

nWKQT [Sq I]KQn [S` T \ 	 X-\ I+K q KQT�L \ L a�Y�[ K \ UfG v K�g `Wa T Y L+UfGJL6IVGJL+K \6` g q I `o\+\]` v KQImGWe�e�K GWI9L ` b KOP ` �6KQI

[ T~nWKQT�K \7qQ`Wc efGJI+K Y L `H`oa L \][RY KOLVU�K c � 
 tWKQI \ KjLmGWP 	 � yWzoz�� � � e KjI+UfGJe \ L+U�KQI]K � [ PSP b KOnoI]K GJL+KQI
\][ noT�GWPfg ` I7noKjT�K qj` T v KQI \+[S` T \ [ T ` LVU"KQImGJI+K G \m` g<LVU"K-noKjT `oc K 	 } I � e KjI+UfGJe \mc(` I+K�e�P G a"\+[Rb PSt �

I+GJLVK \ ` g*nWKQT�K qQ` T v KQI \+[R` T ` g LVU [R\ c GWnoT [ L a�Y K c G t b K `;qjqQa I [ T�n [ T ` LVU�KjI ` I+n�GWT [R\+c(\��;\+a�q U

G \ tWK G \ L � L ` � U [Sq U��6KkUfG v KktoKML�L ` GJe�e�PSt `oa I c(`;Y KjP 	

w KkGWI+K qQa I]I+KQT�L+PSt�GJe�e�PSt [ T�n `oa I c~`8Y KjP L ` L+U�K�e a"b P [Sq PSt~G v G [ PRG b PSK�r&UfG \ K � � Y GJLVG g I `oc

L+U�K 
 ,5I F+'-,�GJI6% / ,�GJK & G+$ 0 G+$�Q�' /�� F 4 I � � U�K �
T!L+KQI]TfGJL [S` TfGWP N-GJe 
 GWe � ` T \+` I^L [Sa�c � yJzoz�� � �
� � � 	 UfGWe c GWe 	 ` I]n � �O[ T e�GWI]L [RqQa P GWI(L ` LVU�K � � r9N�e ` e a P G0L [R` T 	 � U�K \ K Y GJL_G qQ` T \+[S\ L ` g

� � r \ L
t8e�K Y [ T 	 z LVI [R`o\ GJL7GWe�e�I ` � [Sc G0LVKQPit ` T�KOK v KQI^t � [ P `ob G \ KOG q I `o\+\ LVU�KOKQT�L [ I+K�noKQT `Wc K
	
w K~G [Rc L ` a�\ K~L+U�K�noKjT ` L
t8e�K \ ` gmLVU�K(efGWI]KQT�L \ g ` I LVU�K \ K~L+I [S`o\ [ T `Wa I GJTfGWPSt \][R\�� G \ LVU�KMt

GJI+K e�I]K \+a"c K Y [ T Y KQe�KQT Y KQT�L 	 X�\ L+U�K \ K Y GJL_G qj` T�L_G [ TdGWTdK��8LVKjT \+[iv K G c~`Wa T�L ` g T ` T qj`;Y�[ T�n

I]KQn [S` T [ T G Y"Y�[ L [R` TdL ` nWKQT [Sq I]KQn [S` T \�� �7K c~[ noU�L b K G b PRKkL ` h�T Y G~noI]K GJL+KQI \+[ nWTfGWP<g ` I�L+U�K

U [ noU�KjIsIVG0LVK \&` g#noKjT�K qQ` T v KQI \+[R` T(g ` I � U [Rq U `oa I c(`8Y KQP;n [Sv K \&c(` I+Kme"I+K qj[R\ K [ T"g KQI]KQT q K 	 � U [R\



� y �

c G t(GWPSP ` � a�\ L ` K��;e�P ` I+K qj` I+I]KQPRGJL [S` T \ �7K c~[ noU�L9hfT Y qj` T�LVI [Sb�a L [ T�nkL ` � a�q L a GJL [S` T \	[ T(LVU�K
IVGJL+K \ ` g I+K qj`oc b�[ TfGJL [R` T g K GJL a I+K \ \]a�q U�G \ � c(` I]K~I]KQP [ G b Pit 	 X T�t [ T"g ` I c GJL [S` T LVUfGJL q GWT

\ U�K Y P [ noU�L ` T LVU�K(KQT [ n c GJL [Sq Y�`Wa�b PRK � \ LVIVGJT Y � b I+K G � e�I `8q K \+\�� � U [Sq U)UfG \ v KQI]t=T ` LVK Y GWT Y

[Rc e ` I^L_GWT�L [Sc e"P [Rq GJL [S` T \�[ T Y�[S\ K G \ K6G \+\]`;qj[ GJL [R` T \ L a�Y�[ K \ GWT Y LVU�K \ L a�Y t ` g `oa I�K vo` P a L [S` TfGWI^t

U [R\ L ` I^t � � `oa P Yxb K c~`W\ L �6KQP qQ`oc K � G \ LVU [R\ e�I `8q K \+\ � g ` I GWPRP [ L \H[Rc e ` I^L_GWT q K �=I+K c G [ T \

P GWI]noKQPit G c t \ L+KQI^t 	



� 	 z

� � ����� 	 ��� � � � �

X T Y�` Pig GJL+L ` � r 	�GWT Y 
 	 � ` I Y"b ` I]n ����� � ����	 � U�K K � K q L ` gsnoKQT�K qQ` T v KQI \][R` T ` T [ T�LVI+GWP `8qQa"\
G \]\+`8qQ[ G0L [R` T \ 	&'RF+,
F I�% 4 S  -�� � � 	 � � � � 	 � � 	

X I Y P [ K � � 	 � � 	 � [Ra � � ` I Y KQI ` � 
 	 � b KjI+PRK � 
 	 p GWPSt � � 	 � GWI+I]KjL]L � � 	 w [ T q U�K \ L+KQI � � 	 � GJT �
Y KjI � GWT Y � 	 � I a noPit�G�� � yWzoz � ��	 � ` �7KjI � L+UfGWT � K��;e�K q L+K Y P [ T �0GWnWK Y�[R\ KQl a�[ P [Rb I [Ra�cEb KjL �6KQKjT
L [ noU�LVPit P [ T �JK Y c GWI �JKQI \�[ T U a�c GWT \�\]a nonoK \ L \ G I ` PRKHg ` I-nWKQT�K qj` T v KQI \+[S` T 	 � )�� & � )
'RF+,
F I ,(+ � 	 � � � � y � � 	

� KjLVI+GWT � � 	 � � 	 � `o| G \���X 	 � G v GWI+I ` � GWT Y=X 	 � GJI b G Y"[ PRPRG � � � � � ��	 � U"K~K \ L [Sc G0L [R` T ` g7L+U�K
T a�c b KQI	GWT Y L+U�K PRKjT�nWLVU Y�[S\ L+I [Rb"a L [S` T ` g noKQT"K qQ` T v KjI \][R` T LVI+G q L \ g I `oc e ` e a P GJL [R` T p � X
\ Kjl a KQT q K Y GJLVG 	&'RF+,
F I�% 4 S  - , � � � � � � � � � 	

�mGJI+e�KQT�LVKjI �7X 	 � � � ��� ��	 
 K [R` L [Rq I ` PRK \ ` g q I `o\]\+[ T�n � ` v KQI(GWT Y$` g�noKQT"K qj` T v KjI \+[S` T 	 � / K 7
D $�'-%(, 0 & G&'3" D ' ) $�� � G&,5I � % / K - + � y 	 � � 	

�7I+G � g ` I Y � p 	 � � 	 � UfGWT�noGWPRK � � 	 � [ � F 	-NOKQPSPRKQT�L+UfGWP � 
 	 � [ K Y KQI � p 	 � [Rq �JKQI \+` T � GWT Y

 	��8L+KQe�U"KQT \ � yWzWz � ��	 � v8[SY KQT q KHg ` I \+a�b�\ L_GWT�L [ GWP hfT"K � \]q GWPSK v GWI [ GJL [S` T [ TdI]K qQ`Wc b�[ T�GJL [S` T
IVG0LVK \ G q I `o\]\ L+U�KkU a�c GJT nWKQT `oc K 	 O GJI 'RF+,
F I � , � � � � �WzWz � { 	

C KQGWI+T�U"K G Y � r 	9GWT Y � 	9� c~[ LVU � yWzoz�� ��	 X T ` v KQP c KjLVU `;Y � [ LVU [Rc e�I ` v K Y e ` �6KQI L ` Y K �
LVK q L-I+K qj`oc b�[ TfGJL [R` TdU ` L \ e ` L \ g I `Wc e ` Pit c~` I]e�U [S\+cDY GJL_G(I+K v K GWP \�c a PSL [ e�PSK U ` L \ e ` L \O[ T
U a�c GWT nWKQT�K \ 	 � )�� & � ) 'RF+,
F I 3
3 � � � � � ��� � ��� 	

C I [R\+\ K � � 	 � � 	�N a"Y�\+` T �;X 	 � GWI]L `o\+| K�� [Rqj| � � 	�wxGJPRP � � 	 p ` T"g G q � � GWT Y(X 	 p [ � [ KjT |Q` � yJzoz � ��	
F KQT�K qQ` T v KQI \+[R` T GWT YHY"[S� KQI+KjT�L�e ` e a P GJL [R` T-U [R\ L ` I [ K \#c G t�K��;e�P G [ T�LVU"K qj` T�LVI+G \ L b KjL �6KQKjT
e ` PSt c(` I+e�U [R\+c GWT Y P [ T �0GWnoK Y�[R\ KQl a�[ P [Rb I [Ra"c PSK v KQP \ 	 � )�� & � ) 'RF+,
F I ,(+ � � � � � 	 � � � 	 	

N [ PSP [ �JKQI �	X 	 � F 	9N-GJIVG a�|
� X 	 � K G a�c K � 
 	6FkI+G t � � 	 �7P GJI � � GWT Y�X 	 �7U ` v T [Rq � � � � ��� ��	

 K [R` L [Rq noKjT�K qj` T v KjI \+[S` T L+IVG q L PRKQT"nWLVU Y�[S\ LVI [Rb�a L [R` T � [ LVU [ T LVU�K	I `W\ t P `;qja�\�` g p I `o\+` e"U [ PRG
c KQP GJT ` n�G \ LVKjI�	 'RF+,
F I�% 4 S  � 3 � � � � � z ��� � yW{ 	

N ` PRP [RY G t � � 	 � ��� { � ��	 X c K q U�GWT [R\]c g ` I-noKjT�K qj` T v KQI \+[S` T [ T g a T�n [ 	 'RF+,
F I 2 F S ��G&) " 4 �
y � y � 	 z � 	

N ` PRP ` �mG t � � 	 � � 	 � G � \]` T � GWT Y X 	 � K � I+Kjt \ � yWzozW{ ��	 X PRPSKQP [Rq I]K qQ`Wc b�[ T�GJL [S` T GWT Y 7 F�, /��&/
Y KjPRKjL [R` T \H[ T \ e�KQI c [ T L+U�K(U a"c GWT � � noP `ob�[ T noKQT"K~I]KQn [S` T 	 & � ) ! 0 / K ! 'RF+,
F I !  
4 � � � �
� z � � � � � ��� 	

N a�Y�\]` T � � 	 � ��� � 	 ��	8r&I ` e�KQI^L [ K \ ` g G�T"K a L+IVGWP;GWPRPSKQPSK c~`8Y KQP � [ LVU [ T�LVIVGJnoKQT [Sq I+K qj`oc b�[ TfGJL [R` T 	
� . F / ' ! Q / $ � K ! � % / K !�" � � � � 	 � yWz � 	

N a�Y�\]` T � � 	 � yJzoz � ��	 � � ` � P `8qQa�\�\ G c e�P [ T�n Y�[S\ L+I [Rb"a L [S` T \ GJT Y LVU�K [ I GJe�e�P [Sq GJL [R` T 	 'RF+,
F I �
% 4 S  
4
+ � ��� � � � z�� � � � 	

N a�Y�\]` T � � 	�� yWzWz�y ��	 F KQT"KQIVG0L [ T"n \ G c e�PRK \da T Y KjI GBw I [ noU�L � C [R\ U�KQI T"K a L+IVGWP c(`;Y KjP ` g
noKjT�KjL [Rq v GWI [ GJL [S` T 	 � % / %(, d / '+)4GJI�% 4 S  �� � y � ��	 	 � � � 	



� 	 �

� K � I+Kjt \��-X 	 � � 	 � G a e�e [ � GJT Y � 	 � K a�c GJT�T � yWzoz � ��	 �
T�LVKjT \ KjPSt e a T q LVGJLVK c K [S` L [Sq I]K �
qj`oc b�[ TfGJL [S` T [ T)L+U�K q PRG \+\ � � I]KQn [S` T ` g L+U�K c G B]` I U [R\ L `8qQ`oc efGJL [Rb�[ P [ L
t qQ`Wc e�PSK�� 	:O GJI
'RF+,
F I "$+ � y � � y � � � yoy 	

� K � I+Kjt \���X 	"GWT Y � 	 
 G t � yWzoz � ��	 �
T!L+KQT \ KkGWT Y U [ noU�Pit P `8q GWP [R| K Y noKQT�K qQ` T v KjI \][R` T G q L [Sv8[ L
t
[ T U a�c GWT c K [R` L [Rq-q I `W\+\+` v KQI-U ` L \ e ` L \ 	 O GJI 'RF+,
F I � , � y � � � � � � { 	

� K � I+Kjt \��&X 	�GWT Y � 	 � K a"c GWT"T � yWzWz�y ��	 � K qj[ e�I `;q GWP q I `W\+\+` v KQI G \ t c(c KjLVI^t=GWT Yxc K [S` L [Sq
Y I [Sv K [ T G U a�c GWT I+K qQ`oc b"[ TfGJL [R` T�U ` L \ e ` L 	 O GJI 'RF+,
F I �  � 	 � � yW{�� � � � 	

� K � I+Kjt \��7X 	sGWT Y � 	 � K a�c GJT�T � yWzoz�� ��	 C G q L ` I \ [ T�� a KjT qQ[ T�n I+K qj`oc b�[ TfGJL [R` T)g I]KQl a KjT q t
GWT Y)Y�[S\ LVI [Rb�a L [R` T [ T G U a�c GWT c K [R` L [Rq q I `o\]\+` v KjI U ` L \ e ` L 	 & � ) 0 / K 'RF+,
F I  - ��� � � �
yoy ��� � � � 	

� K � I+Kjt \��mX 	 � � 	 � K a�c GJT�T � 
 	9r*GWTfG t [ � � 	 
 tWKQI \�� GWT Y r 	 p ` T"T�KQPSPSt � yWzoz�� ��	�N a�c GWT
I]K qQ`Wc b�[ T�GJL [S` T@U ` L \ e ` L \ U [SY�Y KQT [ T I+Kjn [R` T \=` g \ L+I ` T"n c GWI �JKQI G \+\]`;qj[ GJL [R` T 	 O GJI
'RF+,
F I � 3 � { � � {oz � � { 	

� G a e�e [ � � 	 �"X 	 � K � I+KMt \�� GWT Y � 	 � KQKjT�Kjt � yWzoz ����	<w U�KQI]K�LVU�K q I `W\+\+` v KQI \ GWI]KW�sI]K qj`oc b�[ TfG �
L [R` T Y�[S\ LVI [Rb�a L [R` T \m[ T c G c(c GWP \ 	�O GJI 2 F � 'RF+,
F I 4 � { � � ��� 	 � y � 	

�k[ T�n c GWT � � 	 � ����� y ��	 � U�K qQ` GWPRK \+q KjT�L 	�D I / 4 . G�S I�% 4 Q ' / 4 F S S F S"G&,�7 � . F+%(' � $�$�K % 4HGJI6% / , S  � �
y 	 � � y ��� 	

�k` T�n �mX 	 � p 	6F a�Y�b B GWI^L \]\+` T � � 	7�"G [ T | � F 	 � ` T \+Y"` L+L [ I � � 	mF a�Y�B]` T \+\]` T � � 	 � [Sq UfGWI Y"\ �
\]` T � � 	 � [ n a I Y GWI Y�` L+L [ I � � 	 � GWI+TfGJI Y � � 	�N-GWPSP b K q � � F 	 
 G \+\+` T �#X 	#�8U�P [ KQT � � 	 r*GWP \+\]` T �

 	 C I [ nonoK � � 	 � U ` I]noK [ I \+\]` T � � 	JF a P q U"KQI � GWT Y � 	J�8L+Kjg GWT \]\+` T � yWzozoy ��	 X U [ noU � I+K \+` P a L [S` T
I]K qQ`Wc b�[ T�GJL [S` T c GJe ` g�L+U�KkU a"c GWTdnoKjT `oc K 	 O GJI 'RF+,
F I �  � 	 � � y � � � � 	

� I a noPit�G�� � � 	 � � � � ����	 r9I `o\ e�K q L \ g ` I�� U ` PSK � noKQT `Wc KHP [ T �0GWnoK Y�[R\ KQl a�[ P [Rb I [Ra"cDc GWe�e [ T�n ` g
qj`oc~c(` T Y�[S\ KQG \ KHnoKQT"K \ 	 O GJI 'RF+,
F I "
" � y � � � 	 � � � � 	

� GJT�noPRKMt � � 	 � � 	���G |Q| GWI ` � w 	or&U [ PSP [ e \�� � 	oN�K [ � � [ T�KjT � GWT Y � 	 � I+G v KQI c GWT � yWzozoz ��	 � [ T �0GWnoK
Y�[S\ Kjl a"[ P [Sb I [ G GWT Y LVU�K \+[ L+KOg I]KQl a KjT q t \ e�K q LVIVG [ T LVU�K \+a � \ �6GJT Y�\]a � � � G�� �9I+KQn [R` T \9` g#LVU�K
p I `o\+` e"U [ PRG c KjP GWT ` n�G \ L+KQI � q U"I `oc(`o\+`Wc K
	&'RF+,
F I6% 4 S  
4$, � � � � � � 	 � � �oy 	

� [ � � 	<GWT Y 
 	<�8LVKje�U�KQT \ � yWzoz 	 ��	 
 `8Y KQP [ T�n P [ T �0GWnWK Y�[S\ KQl a�[ P [Sb I [Sa�c GWT Y [RY KQT�L [ g t [ T�n�I]K �
qj`oc b�[ TfGJL [S` T U ` L \ e ` L \sa�\][ T�n \][ T�nWPRK � T a�q PSK ` L [RY K	e ` PSt c~` I+e�U [S\+cZY G0L_G 	 'RF+,
F I6% 4 S  $,(4 � � � �
yoy � 	 � 	 	 	


 GWIVG [R\�� F 	�� yWzoz 	 ��	 �7[ G \ K Y noKjT�K qj` T v KQI \+[S` T � [Rc e�P [Sq GJL [R` T \ g ` I�nWKQT `oc K	GWT Y \ K�� K vW` P a L [R` T 	
� ' F+,�7�S %(, 'RF+,
F I6% 4 S  
+ � { � ��	 	 z � � 	


 GWI q U [ T [ � � 	 � p 	 � a LVPRKjI � � 	sr�GJL+L+KQI \]` T � 
 	s�8LVKje�U�KjT \�� � 	 � \ � [ T � � 	sN�GWPRe�KQI [ T � � 	 � [ T �

 	�� [ T � N 	 
 a T"I ` � F 	 X-b K q G \+[R\�� GWT Y r 	 p ` T�T"KQPRPit � yWzozo{ ��	 X@qj`oc e�GWI [S\+` T ` g*e�UfG \][ T�n
GWPSn ` I [ LVU c~\ g ` ImLVI [R`o\ GWT Y a T"I+KQPRGJLVK Yd[ T Y�[iv8[RY�a GJP \ 	 � )�� & � ) 'RF+,
F I 3 � � 	 � � � 	 � � �Wz 	


 q �9KQGWT � F 	 � r 	 X �7G Y GWPSP G � GWT Y r 	 C KQGWI+T"U�K G Y � yWzoz�y ��	 X qQ` GWPRK \+q KjT�L � b G \ K Y=c KjL+U `8Y g ` I
Y KMLVK q L [ T�n(GWT Y K \ L [Sc G0L [ T"n I+K qQ`oc b�[ TfG0L [R` T�g I `oc noKjT�K \ Kjl a KQT q K \ 	�'RF+,
F I�% 4 S  $,�� � � y 	 � �
� � 	



� 	 y


 q �9K GJT � F 	 � � 	 
 tWKQI \�� � 	*N a T�L � r 	 p KQP `oa �0G \�� p 	 � KQT�L+PRKjt � GJT Y r 	 p ` T�T�KQPSPSt � yJzoz � ��	
� U�KOhfT�K � \+q GWPRK \ L+I a�q L a I]K ` g#I+K qj`oc b�[ TfGJL [R` T IVG0LVK v GJI [ G0L [R` T [ T LVU�KOU a�c GJT�noKjT `oc K 	 D 4+% �
F+, 4 F � �.- � �W{ �Wz � � � ��� � � 	


 K \ KjP \]` T � 
 	�� 	 GWT Y � 	 � G Y�Y�[ T�n � ��� ��� ��	 X noKjT�KQI+GWP c~`8Y KjP g ` I noKQT"KjL [Sq I+K qj`oc b�[ TfGJL [R` T 	
Q�' / 4 O GJI ��4HG�74D 4+% � D � 3�" ��� � ��	 � � � 	 { � 	


 ` KjT \�� r 	 � yWzoz 	 ��	 � U�K Y�`oa�b PSK � \ LVI+GWT Y K Y p � X U�KjP [ � [ T3I+K qj`oc b�[ TfGJL [R` T GJL c K [R`o\][R\ 	
'RF+, / )�F - , � { � � � 	 { � � 	


 toKQI \�� � 	 � � 	 �7` L]L ` P ` � � 	 C I]KQK c GWT � F 	 
 q �9K GWT � GWT Y r 	 p ` T�T�KjPRPSt � yWzoz � ��	 X hfT"K �
\+q GWPRK c GJe ` g�I+K qj`oc b�[ TfGJL [R` T�IVGJL+K \ GWT Y U ` L \ e ` L \ G q I `o\]\ L+U�K U a�c GWT noKjT `oc K 	�D 4+% �
F+, 4 F �  � � ��� � { � ��	 y � � � 	

� [Rqj` P G \��JX 	 � p 	 � I+K qQ` � � 	W� q U a PSL+K \�� GJT Y � 	W� |Q`o\ L_G�� � � � � ����	 X T [ T [ L [ GJL [S` T \+[ LVK6g ` I c K [S` L [Sq
noKjT�K qj` T v KjI \+[S` T [ T�LVU�K tWK G \ L �"G qQq UfGWI `oc t q K \�q KQI]K v8[R\][ GWK
	 O GJI � ' F � � � � {oy � z � ��	 � � � 	

r&I [ L q U�GWI Y � � 	 GWT Y 
 	#r&I | K�� ` I \ � [ � yJzoz � ��	 � [ T �0GWnoK Y"[R\ Kjl a�[ P [Rb I [Ra�c [ T U a�c GJT \ � c~`8Y KQP \
GWT Y Y GJLVG 	 � )�� & � ) 'RF+,
F I ,(+ ��� � � � � � � 	

r&I | K�� ` I \ � [ � 
 	�GWT Y � 	fw)GWPRP � yWzoz � ��	7w U�t [R\ LVU"KQI+K \+` P [ L]LVPSK [ T�LVI+GWnoKQT [Rq P [ T �0GWnoK Y�[S\ KQl a�[ �
P [Sb I [Sa�c [ TdU a�c GJT \ � 'RF+,
F I 2 F S 3
3 � y � � � � 	 � � � 	

rsLVG�� � � 	 ��X 	 � ` K Y KQI � 
 	!�8L+KQe�U"KQT \�� � 	!F [ P G Y � � 	�r*GoG b ` � GWT Y 
 	�r&I | K�� ` I \ � [ � yWzoz � ��	 X�b �
\ KjT q K ` g LVU�K � X r y U a"c GWT�I+K qj`oc b�[ TfGJL [R` T(U ` L \ e ` L [ T q U [Sc efGJT | KjK \ 	�Q � / D � % / K " � { � �
K�� � � 	

rsLVG�� � � 	 � � 	 � ` KQPSe KjP � GWT Y 
 	&r&I | K�� ` I \ � [ � yWzoz ����	 �
T \+[ noU�L \ [ T!L ` I+K qQ`oc b�[ TfG0L [R` T)g I `oc
efGJL]LVKjI+T \O` g�P [ T��JGJnoK Y�[S\ KQl a�[ P [Sb I [Sa�cE[ TdU a�c GJT \ 	�'RF+,
F I�% 4 S  $, 3 � � � � 	 � � � � � 	

�;G � tWKQI � � 	 ����� � ����	<�8LVGJL [S\ L [Rq GJP"LVK \ L \ g ` I Y KMLVK q L [ T�n nWKQT�K qQ` T v KQI \][R` T 	 0 / K � % / K 
 �&/ K , � � � �
�oyW{ � 	 � 	

� q U�KQKML � r 	*GWT Y 
 	s�8LVKje�U�KQT \ � yWzozW{ ��	 X g G \ L GWT Y �fK�� [Sb PRK \ LVGJL [S\ L [Sq GWP c(`;Y KjP	g ` I P GJI+noK �
\+q GWPRKde ` e a PRGJL [S` TxnoKjT ` L
t8e�K Y GJL_G"� GWe�e�P [Rq G0L [R` T \ L `=[ T"g KQI]I [ T�n c~[S\+\][ T�n nWKQT ` L
t8e�K \ GWT Y
UfGWe"P ` L
t8e [Sq e�UfG \ K 	 � )�� & � ) 'RF+,
F I 3 � � ��� � {oy � � � � 	

�8P [ nWU!L `oc�� � 	 ��X 	 � PSK q U�P � GWT Y3} 	 � c([ L+U [ K \ ����� � z ��	 N a�c GWT g KjLVGWP�F�n�G c(c G � GWT Y X
n�G c(c G � noP `ob�[ T�noKjT�K \ � qQ`oc e�PSKjLVKkT a�q PRK ` L [RY K \ KQl a KjT q K \ \+a nonWK \ L�LVUfG0L p � X@q GWT b KHK�� �
q UfGWT"noK Y b KML �7KjKQT L+U�K \ K Y"a e�P [Sq GJL+K Y noKjT�K \ 	 � F K K "$ � 	 � � {�y � � 	 � 	

� c~[ LVU � � 	 GJT Y r 	 C KQGWI+T�U"K G Y � yWzoz�� ��	 X qQ`Wc efGJI [R\]` T ` gdL+U�I+KjK K \ L [Rc GJL ` I \)` g L+U�K
e ` e a PRGJL [S` T � \]q GWPSK Y I+K qQ`oc b"[ TfGJL [R` T IVG0LVKW� G qQqQa IVG q t GWT Y I `ob"a�\ L+T�K \]\ 	 'RF+,
F I�% 4 S  �35 � � � �
yWz�� � � {�y 	

�!L_GWU�P � C 	 � ��� ��� ��	 � U�K-N ` PSP [RY G t B]a T q L [S` T ` T [ L \ LVU [ I]L [ KjL+U~GJT�T [Sv KQI \ GWI^t 	 'RF+,
F I�% 4 S  � � � y � �
y � � � { 	

�!LVKQe"U�KQT \�� � 	 � 	 � � � � � ��	 �8L_GJL [R\ L [Rq GWP c KjLVU `;Y�\H` g Y TfG \ Kjl a KQT q KdGWTfGWPit \+[R\ � p KjL+K q L [R` T ` g
[ T�L+IVGWnoKjT [Rq I]K qj`oc b�[ TfGJL [S` T ` I noKjT�K qQ` T v KQI \][R` T 	 0 / K � % / K 
 �&/ K " � { � � � 	 � � � �W{ 	



� 	 	

�8LVKje�U�KQT \�� 
 	 GWT Y r 	 p ` T�T�KjPRPSt � yJzoz 	 ��	 XBqj`oc efGWI [S\+` T ` g b G tWK \][ GWT c KMLVU `8Y�\ g ` I#UfGWe�P ` L
t8e K
I]K qQ` T \ L+I a�q L [R` T g I `oc e ` e a PRGJL [S` T noKjT ` L
t8e K Y GJLVG 	 � )�� & � ) 'RF+,
F I 3 � � � � � � � {�y � � 	

�8LVKje�U�KQT \�� 
 	"GWT Y r 	�� q U�KQKML � yWzoz � ��	 X�qQqQ`Wa T�L [ T"n g ` I Y K q G t ` g�P [ T �0GWnoK Y�[R\ KQl a�[ P [Rb I [Ra"c [ T
UfGJe�P ` L
t8e�K [ T"g KQI]KQT q K GWT Y c([R\]\+[ T�n � Y GJL_G [Rc e a LVGJL [S` T 	 � ) � & � ) 'RF+,
F I 3 , � 	 � � � � � � {oy 	

�8LVKje�U�KQT \�� 
 	 � � 	 � c~[ LVU � GWT Y r 	 p ` T�T�KjPRPSt � yWzoz � ��	 X T�K�� \ LVGJL [S\ L [Sq GWP c KjL+U `;Y g ` I-U�GWe �
P ` L
t8e KkI+K qQ` T \ LVI a�q L [R` Tdg I `Wc e ` e a PRGJL [S` T Y GJLVG 	 � )�� & � ) 'RF+,
F I , � � � � � � � � � � � 	

� |Q`o\ L_G�� � � 	 � � 	 } I]I � w K G v KQI � � 	 � ` LVU \ LVK [ T � GWT Y C 	��!L_GWU�P ����� � 	 ��	 � U�K Y�`Wa�b PRK � \ LVIVGJT Y �
b I]K G���I+KQe�G [ I c(`;Y KQP#g ` I I]K qj`oc b�[ TfGJL [S` T 	 � F K K � � ��� � � y�� � 	 � 	

� U�K �
T�LVKjI+TfGJL [R` T�GWP�N-GWe 
 GWe�� ` T \]` I]L [Ra�c � yWzWz�� ��	 X UfGWe�P ` L
t8e K c GJe ` g�LVU�K U a"c GWT
noKjT `oc K 	 O GJI � ' F - � 3 � � y � � � � 	 yWz 	

wxGWPSP � � 	 � yWzWz � ��	 � \ L [Rc GJL [ T�n~I]K qj`oc b�[ TfGJL [S` T IVGJL+K \-a"\+[ T"n�LVU�I]KQK � \+[ LVK P [ �JKQP [ U `8`;Y"\ 	"'RF+,
F I �
% 4 S  $, 3 � 	 � � � � { � � � 	 	

wxGWPSP � � 	 � � 	 C I [R\+\ K � � 	ON a�Y�\]` T � GWT Y X 	 p [ � [ KjT |Q` � yWzWz 	 ��	 � `Wc efGJIVGJL [Sv K P [ T �0GWnoK �
Y�[S\ Kjl a"[ P [Sb I [Sa�c GWT�GWPSt \+[S\ ` g L+U�K b KjLVG � noP `ob�[ T U ` L \ e ` L [ T e�I [Rc GJLVK \ 	 � ) � & � )
'RF+,
F I 3 � � { � � � 	 	 z � � z 	

wxGJL]LVKjI \+` T � F 	 � ��� � � ��	 } T L+U�K T a�c b KQI ` g \ KjnoI+Kjn�GJL [ T�n \][ LVK \&[ T noKjT�KjL [Rq GWP c(`;Y KQP \ � [ LVU `oa L
I]K qQ`Wc b�[ T�GJL [S` T 	 � . F / ' ! Q / $ � K ! � % / K ! 3 � y �W{ � y �W{ 	

w [ T q �!PRKjI � w 	 � � 	 
 toKjI \�� p 	 � [Rq U�L+KQI � � 	 } T ` g I [R` � F 	 
 q p ` TfGWP Y � � 	 �7` T�LVI ` e �
F 	 
 q �9KQGWT � � 	JFkG b I [ KQP � p 	 � K [Sq U � r 	 p ` T�T�KjPRPSt � GJT Y p 	 X PiL \ U a PRKQI � yJzoz�� ��	 � `oc e�GWI [S\+` T
` g&h�T�K � \+q GJPRK I]K qj`oc b�[ TfGJL [S` T IVGJL+K \-[ T U a�c GWT \ GWT Y q U [Sc e�GWT | KjK \ 	 D 4+%�F+, 4 F � � � � � � � ��� �
� z�� � � � 	

w [Ra g � � 	 GWT Y � 	 N�K [ T � yWzWzoz ��	 � U�K qQ` GWPSK \]q KQT�L�� [ L+U�noKQT"K qj` T v KjI \+[S` T 	�'RF+,
F I�% 4 S  
4
4 � � � �
� � � � {�y 	


 GWT�noKjT b KQI]n � F 	 � 
 	7N a GWT�n � � 	 X I+T�U"K [Rc�� GWT Y N 	 � I+P [Sq U ����� � � ��	 � K�� N � X � p r � �
GWPSPRKjPRK \ noKjT�KQI+GJLVK Y b t [ T�LVKjIVGWPSPRKQP [Rq noKjT�K qQ` T v KQI \][R` T Y KMLVK q LVK Y b t GWTfGWPit \][R\6` g \ e�KQI c 	 O GJI
'RF+,
F I  � � � � � � z � �
� � 	



� 	 �

��� � �

FkGWI+I]KjL]L NOKQPSPRKQT�L+UfGWP �mG \ b�` I+T [ T X T q U ` IVGWnWK �*X � � L+U�K \+` T ` g GWT `o[ P c GJT 	�NOK~P [Sv K Y

GJT Y � ` I �WK Y L+U�KQI]KOg ` I \][ � tWK GWI \7b Kjg ` I]K \ U [ e�e [ T"n U [S\9q G c e(L ` � `8Y t � w � � G0L	L+U�KOe�I `oc([R\ K
` g#noI]K GJL+KQI9e�I `o\ e�KQI [ L
t 	 � U�I+KjK [Sc e"I+K \]\+[S` TfG b PSK7toKQGWI \	` g c~[ I]L+U efG \+\ K Y~b t � [ LVU `Wa L \+`Hc a�q U

GHg ` I+KMLVU `oa noU�L ` g L+U�K Y G t \ GWU"K G Y 	 �6a L7L [Rc K�UfG \ G �!TfG q � g ` I c G�� [ T�n e�K ` e�PRK c~` v K \+`oc K
c(` I]K � GWT Y FkGWI]I+KjL]L � \ L [Sc K �7G \ T ` K�� q KQe"L [R` T 	 N [R\ P [ g K I]K \]a�c K Y [ T=� a n�GJI+P GJT Y � � � � g ` I

g `Wa I c(` I+K toK GJI \ ` g9L `W[ P�GWT Y noI ` � L+U 	 X-qjqQa I+GJLVKjPSt \ KQT \][ T�ndG q U�GWT�noK [ T L [SY K \�� U�K c(` v K Y

GJP ` T�n�L ` �7[ PRP [ T�n \�� 
 � � L ` LVK \ L9U [S\ g ` I]L a T�K \ GJn�G [ T [ T LVU"K T ` I]L+U 	 � U [R\ �7G \ GWT a T"g ` I]n [Sv8[ T�n

qj`oa T�LVI^t � GWT Y GJg LVKjI h v K toKQGWI \ U�K(GWn�G [ T efG q �WK Y U [S\ c~`8Y K \ LHe `o\]\ K \+\+[S` T \ L ` c G �WK U `oc K
[ T �;GWT�L_G �7PRGWIVG � � X 	 C `oa I�toKQGWI \ P GJL+KQIdU�K �mG \ G �mGJI Y K Y G � G q U�KQP ` I � \ ` g � qj[ KjT q K [ T


 GJLVU�K c G0L [Rqj\ G0Lk�"GWT�LVG �7P GWI+G u T [Sv KQI \][ L
t 	 � c~c K Y"[ GJL+KQPSt�LVU�KjI+K G0g LVKQI � U�K qQ` T�L [ T a K Y ` T L `

�8K GJL]LVPRK � w X � � U�KQI]K U�K � I ` LVK LVU [R\ � [ L_G h v KHtWK GWI \ PRGJLVKjI�	


