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�® { t�|�vyxc®Ìz �   �pqY)\^]OTZYÐNQR�fKN¼VUa`T�V�p�pÎV f�Y)RhRÏYqj#V��LON �)VXTmN¼V�a`T�VUf7lXV�RhpqY)\^]�Y�f�V ��
 V
' � % ��
[�

G 
Ë d)e�N¼VXTZJud)eUY�V�W�W�RSN�dcV�\Uf�J RiV¯j�J�T p�l�RiV¯fKN �¦J�f�Y�V�RhR �åY[LMY)p�W�N�J�LON�L VXTZY)P�P�Y�NQ\��
Y[d[Yf�Y[f�JX]*]/V3l�\XVÐj#VULMY N�f�Y)\^]	N�dcV�pqY)\^]�Y \�l�RhRiV��
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G '�VÐj�l�\U_
N�J`\UY�fKN�]OT�VUL�j�Y)TmNQpqY)\^]�J�]OT�VULMd[Y)\Uf�Y)\^]�Y{ t �Xx�z » 0�� � ?

d)eUY T�V�W�WXTZY[LMY)\^]/V3l�\�TmN ]/VXTZf�J b \�N ]�J�fKN �)V�RÏJ�TZY�� � � \UJ`\ 
Y�V�j#VULMY pÐNQ\�NQpÎV��
GIËÌLMLMY)\Uf�J { t�|�vyxgz » 0 ½�Ã � � z �����Kv�� � ' |��	�O¬sv
� � �RiV j�l�\U_
N�J`\UY fKN¦TmN�LnW�J�L,]/V�VXT pqJ`\�N�dcV�eXV¢pqJ�f7l�RÏJ£N�f�Y)\^]	N�dcV�pqY)\^]�Y3l�\�N ]/VXTmN�J�YÐj#VULMYd)TZY[LMd[Y)\^]�Y RSNQ\UYcVXT pqY)\^]�YÎd[J`\�RiVÐj�TZY��7lUY)\U_^V��

GIHKY)TgTmN�dcV��)VXTZY NÌfKN¼VUa`T�V�p�pÐN¡fKN �¦J�f�Y��$LON�LMd)TmN��
Y
ª­¬ { t�|�vyxgz ¨ Æº|A³�z � ' | v�� � z � ' |�� � »���
�Ã

TZY)RiVU_
N�J`\UYkf�V�RhRiV �7lXV�RÏY LON[f�Y[f7lUd[Yod)eUYCNQR�fKN¼VUa`T�V�p�pÎV f�Y)RhRÏYkj#VULONXeXVql�\}V�\Uf�V�pqY)\^]�JY[LnW�J`\UY)\U_
N¼V�RÏY����A\Ud)eUY NQ\ �7lUY[L,]�J dcVULMJIR �hV�W�W�RSN�dcVU_
N�J`\UY3f�Y)RhRiV�j�J�T p�l�RiV�fKN �¦J�f�YV��¡TZY)P�P�Y�d[J`\Uf�JX]*]�J�VUf£l�\�TmN�Lnl�R ]/V^]�J¯Y)T T�V^]�J 
m³©z �   �
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Í N¼VUa`T�V�p�pÐN�fKN �¦J�f�Y�~ATmN�Y)W�NQRÏJ�a�J

GI�?fKN¼VUa`T�V�p�pÐN;fKN �¦J�f�Y LONgPXVUL V�\UJºLnl V�RÏd)l�\UYIWXTZJ`WXTmN�Yn] 
V f�YXNkRÏJ�a�VXTmN ]OpÐNDY Lnl�RhRÏYWXTZJ`WXTmN�Yn] 
V �)V�RSN�f�Y W�Y)T�NQR�pqJ�f7l�RÏJ�Y R �hVXTZa�J`pqY)\^]�J�fKN�j�l�\U_
N�J`\�NKd[J`p�W�RÏY[LMLMY�~
� �k® � � ®�z ® � ®
® � ®�� ª��X· 0�� ® � � ®�z ª��X· 0�� ® � ®^ÆÇª��X· 0�� ® � ®
± � ���� ��

���� z ® � ®® � ® � ª��X· 0�� ���� ��
���� z«ª��X· 0�� ® � ® ' ª��X· 0�� ® � ®

�`� µ
¶,·�t � ��xgz µ
¶,·�t � xFÆ µ
¶,·×t���x
� � µ
¶,· . �

� 0 z µ
¶,·×t � x ' µ
¶,·�t���x
G��qlUY[L,]�Y WXTZJ`WXTmN�Yn] 
V W�Y)T pqYn]*]�J`\UJ£fKN TmN�d[J`\Uf7l�T TZY NQRDWXTZJ`P�RÏY)pÎV�fKN×]OT�VUd[dXN¼VXTZYuN�fKN¼V��a`T�V�p�pÐN�fKN P�J�f�Y�fKN l�\XV�a�Y)\UY)TmN�dcVÐj�l�\U_
N�J`\UY�T�VU_
N�J`\XV�RÏY j�T�V^]*]/V

{ t�|�vyxgz � t�|�v Æ��[x#&(&(&Zt ' v � Æ �$# 	�v�	�|�v Æ�v �	 xt�|�vyx � t�|�v�Æ � x#&(&(&Zt ' v � Æ �$# � v � |�v Æ©v �
�
x

V�RhRiV <�LMJ`p�pÎVC> f�YXN`fKN¼VUa`T�V�p�pÐN�fKN �¦J�f�Y�fKN 4 j�l�\U_
N�J`\�N`Y)RÏY)pqY)\^]/VXTmN­~
� �t�|�vyx 0 �t�|�v Æ�
7x - 0
t ' v � Æ �$# �Mv��,|�v�Æ�v �� x - 0

G 
Ë W�J�LMLONQP�NQRÏY TmN�dcV��)VXTZY©NofKN¼VUa`T�V�p�pÐN VULONQ\^]�JX]	N�dXNofKN!�¦J�f�YºLMY)\U_^V TmN�d[J�T TZY)TZY V�RhRiVLMJ`p�pÎV�f�YXNÌLONQ\Ua�J`RSN`d[J`\^]OTmNQP�l^]	N5�FpÎV¯l^]	NQRSN�_�_^V�\Uf�J¢l�\�pqYn]�J�f�J¯fKNQTZYn]*]�J7�

Þ �#ßM�#à��'��(*á,+Ê��âh(7�)�^(¤ß/â¼�w(¤ãÏãÏ�'�Kä,âh(¤"��*âå�¼æÊ�O�^ç�èmè�ç�é�è#� ���^�������	��
��
�������
�������



��� �����������	��
��
�������
�����������n���å(��Ê" ämã���%��'&)(*%,+ -/. � �
��LMLON�\UYXNÌfKN¼VUa`T�V�p�pÐN¡fKN �¦J�f�Y

GI� Í N¼VUa`T�V�p�pÐN¡fKN �¦J�f�Y¯lUL V�\UJ£R �hVULMLMY�J�TmN�_�_�J`\^]/V�RÏY NQ\ LMdcV�RiV3RÏJ�a�VXTmN ]OpÐN�dcV�� � J`\ULON �f�Y)T�V�\Uf�JuR �hVULMLMY TZYcV�RÏY � Y b`LML V^]/V l�\XVÐJ�TmN�aÌNQ\UY�� l�\XV�W�l�RÏL VU_
N�J`\UY v d[J�T TmN�LnW�J`\Uf�YVUf l�\©W�l�\^]�J©Lnl�RhR �hVULMLMY d[J`\=d[J�J�TZfKNQ\XV^]/V�� z ª��X· 0�� v ����d[dcV�\^]�J©V�RhR �hVULMLMY LONW�J�LMLMJ`\UJ �7l�NQ\UfKN¦NQ\UfKN�dcVXTZY J N �)V�RÏJ�TmN$f�Y)RhRiV d[J�J�TZfKNQ\XV^]/V��<J`W�W�l�TZY fKNQTZYn]*]/V�pqY)\^]�YN �)V�RÏJ�TmN`fKN�vq° �7lUY[L,]/V�LMY[d[J`\Uf�V�LMJ`RhlU_
N�J`\UY 
Y RiV3W�N 
l d[J`pqJ�f�V��
x= log w0 1 2- 1

w1 10 1000.1

w

1 102 3 5 8

0 10.3 0.5 0.7 x= log w
0.9

x= log w0 1 2- 1

w1 10 1000.1

w

1 102 3 5 8

0 10.3 0.5 0.7 x= log w
0.9

GIHKY)T7NQR	fKN�LMY[a`\UJ �7lXV�RSN ]/V^]	N��
Jyf�YXNOfKN¼VUa`T�V�p�pÐN'd[J`\���N�Y)\UYypqY)pqJ�TmN�_�_^VXTZY�V�RÏd)l�\�N �)V�RÏJ�TmN­~ª��X· 0�� � , ��&.� ª��X· 0�� � , ��& ! ª��X· 0�� ! , ��& S ª��X· 0�� % , ��&VU
G�'	�hVULMLMY!�
Y)T!]	N�dcV�RÏY \UYXNÌfKN¼VUa`T�V�p�pÐN¡fKNKV�p�W�N�Y[_�_^V 
Y�a`T�VUf7lXV^]�J¢NQ\�f�Y[dXNQP�Y)R 
 f7P   ~

� ®���� ���
	z ��� ª��X· 0�� �
� J`\ �7lUY[L,]/V LMdcV�RiV�RÏY¯W�Y)\Uf�Y)\U_�Y�dcVXT�V^]*]�Y)TmN�L,]	N�d)eUY�f�YXNKfKN¼VUa`T�V�p�pÐNÌfKN �¦J�f�YÐLMJ`\UJ
� ��� f7P��
f�Y[dcVUf�Y Y � " � f7P��
f�Y[dcVUf�Y��yHKY)T d[J`pqJ�fKN ] 
V ]/V�RSN�W�Y)\Uf�Y)\U_�Y LON�NQ\UfKN�dcV�\UJTmN�LnW�Yn]*]	N��)V�pqY)\^]�Yqd[J`\3N � ��� � 2 '`� � �qY � �Ì�
�s� ���Ê~ALMY3RiV LMdcV�RiV �
Y)T!]	N�dcV�RÏY�j�J�LMLMY�LMY)p�W�RSN�d[Y)pqY)\^]�Y¯RÏJ�a�VXTmN ]OpÐN�dcV 


 z ª��X· 0�� �  RÏY W�Y)\Uf�Y)\U_�Y�dcVXT�V^]*]�Y)TmN�L,]	N�d)eUYÎf�YXNÌfKN¼VUa`T�V�p�pÐN¡fKN �¦J�f�Y�L VXTZY)P�P�Y)TZJ � �qY � �Ì�

G�'	�hVULMLMY �
Y)T!]	N�dcV�RÏYC\UYXN[fKN¼VUa`T�V�p�pÐNnfKN�j#VULMYCW�l 
JqY[LMLMY)TZYka`T�VUf7lXV^]�J LON¼V NQ\qT�VUfKN¼V�\^]	N�LON¼VNQ\ya`T�VUfKN­�o�­\yJ�a`\�NUdcVULMJ�NQR[fKN¼VUa`T�V�p�pÎVsf�Y)RhRÏY j#VULON)W�l 
J Y[LMLMY)TZYg]OT�VULnRiV^]�J �
Y)TZLMJÐR �hV�R ]�JJ��
Y)TZLMJuNQR×PXVULMLMJ�fKN p�l�R ]	NQW�RSN$NQ\^]�Y)TmN`fKN � � J3fKN �6 ���qpÎV�\^]�Y)\UY)\Uf�J¢NQ\XV�R ]�Y)T�V^]�JuNQRLnlUJ¯LON�a`\�NÏb`dcV^]�J7�
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Í N¼VUa`T�V�p�pÎVÐVULONQ\^]�JX]	N�d[J¯f�Y)RhRÏYÐV�p�W�N�Y[_�_�Y

� J`\ULON�f�Y)TmN¼V�pqJ¯d[J`pqYÎY[LMY)p�W�N�JuRiV�LMY[a`lUY)\^]�YÎj�l�\U_
N�J`\UY { t �XxO~
{ t �Xx�z � �Kt �AÆ-��x

�Ìt �yÆ ��&��)xnt � � Æ � ! �AÆ�� � ��x z �
�

!	�kÆ �
� %

�Ìt �kÆ ! �Xx .
�kÆ � �

��� Æ � �
� � � 0� � 2 TZfKNQ\XVXTZY W�Y)T`vÇd)TZY[LMd[Y)\^]�Y ]Ol^]*]�YqRÏYqW�l�RÏL VU_
N�J`\�N ��� � 
 � ��� Ë J�� �
Y)TZJ �7lUY)RhRÏYAd[J�T TmN �LnW�J`\Uf�Y)\^]	N�V�W�J`RSN)YC_�Y)TmN¡TZYcV�RSNXY V�RhRÏYÎW�l�RÏL VU_
N�J`\�N�\XV^]Ol�T�V�RSNcv 
 f�YXN�W�J`RSN)YCf�Y[a`RSNX_�Y)TmNd[J`p�W�RÏY[LMLON�YÎd[J`\�NQlUa�V^]	N5�F\UJ`\ d[J`\ULON�f�Y)TmN¼V�pqJuNQ\ �7lUY[L,]/V3RSN�L,]/V¯N×W�J`RSN×\UY)RhR �åJ�TmN�aÌNQ\UY�~

v 0 z ��&�� 
MW�J`RÏJ   v � z��

 _�Y)TZJ   v - z�� � 
MW�J`RÏJ�d[d  
�7lUY[L,]�Y LMJ`\UJ RÏY W�l�RÏL VU_
N�J`\�NANQ\=d[J�T TmN�LnW�J`\Uf�Y)\U_^V<f�Y)RhRÏY �7lXV�RSNANQR9fKN¼VUa`T�V�p�pÎV fKN
�¦J�f�Y�f�Y)RhRÏYÐV�p�W�N�Y[_�_�Y dcV�p�P�N¼V�W�Y)\Uf�Y)\U_^V��± � Í Yn]�Y)T pÐNQ\XVXTZY RiV�W�J�LON�_
N�J`\UY �
Y)T!]	N�dcV�RÏYAf�Y)RUfKN¼VUa`T�V�p�pÎV�� Í Yn]*]�J � NQRUa`lXVUf�VUa`\UJ�fKN{ t �Xx9\UY)RhRiVAj�J�T pÎV Vyd[J�L,]/V�\^]	N^fKN[]�Y)p�W�JK�`W�Y)T�l�\}LON�L,]�Y)pÎVsfKN[]	NQW�J � LONcf�Yn]�Y)T pÐNQ\XVNQR?W�l�\^]�J ³ V^]*]OT�V��
Y)TZL V^]�J£f�V�R fKN¼VUa`T�V�p�pÎV¢VULONQ\^]�JX]	N�d[J<W�Y)Tkv z v 0 
MRiVIWXTmNQpÎVW�l�RÏL VU_
N�J`\UYÐV�RhRiV �7lXV�RÏY�LON�eXV3l�\ dcV�p�P�N�J fKN W�Y)\Uf�Y)\U_^V   LMY[d[J`\Uf�J RiVÐj�J�T p�l�RiV�~

³�z ����
�v �0 ���� z - �

��&�� 0 z � !
� , � S & ! f7P

�`Y3NQR$LON�L,]�Y)pÎV 
Y fKN7]	NQW�J � 
M\UY[LMLnl�\£W�J`RÏJ \UY)RhR �åJ�TmN�aÌNQ\UY   RiV¯j�J�T p�l�RiV¯LMJ`WXT�V TZY[L,]	N �]Ol�N�LMd[YÎY[L V^]*]/V�pqY)\^]�Y�NQR¡a`lXVUf�VUa`\UJ3L,]/V^]	N�d[J { t ��x f�Y)R�LON�L,]�Y)pÎV��
�`�?HKY)T¦v�� v 0 RiV�W�Y)\Uf�Y)\U_^V f�Y)R�fKN¼VUa`T�V�p�pÎV�fKN×P�J�f�Y 
Y ' �D�
� � � WXVXT!]	NQTZY�f�V�RDW�l�\^]�J 
¤v 0 � ³   �D]�Y)\UY)\Uf�J d[J`\^]�J d)eUY�a`RSN _�Y)TmN TZYcV�RSN�J d[J`p�W�RÏY[LMLONf�Yn]�Y)T pÐNQ\XV�\UJ l�\ÐNQ\Ud)TZY)pqY)\^]�J�fKN�W�Y)\Uf�Y)\U_^VqfKN�! � J�! ± TmN�LnW�Yn]*]	N��)V�pqY)\^]�YAYCd)eUYN W�J`RSN�TZYcV�RSN¦J d[J`p�W�RÏY[LMLON¦f�Yn]�Y)T pÐNQ\XV�\UJ<l�\£f�Y[d)TZY)pqY)\^]�J fKN�W�Y)\Uf�Y)\U_^V fKN � � J
� ± TmN�LnW�Yn]*]	N��)V�pqY)\^]�Y��`LON�]OT�VUd[dXN¼V NQR¡fKN¼VUa`T�V�p�pÎVÐVULONQ\^]�JX]	N�d[J LnW�J�L,]/V�\Uf�J�LON �
Y)TZLMJ�vd)TZY[LMd[Y)\^]	N×Y3VUa�aÌN�J�T \XV�\Uf�J<RiV£W�Y)\Uf�Y)\U_^V NQ\�d[J�T TmN�LnW�J`\Uf�Y)\U_^V¢V�J�a`\�N W�l�RÏL VU_
N�J`\UYd)TmN ]	N�dcV��

Í N¼VUa`T�V�p�pÎVÐVULONQ\^]�JX]	N�d[J¯f�Y)RhRÏYÎj#VULON
Þ �#ßM�#à��'��(*á,+Ê��âh(7�)�^(¤ß/â¼�w(¤ãÏãÏ�'�Kä,âh(¤"��*âå�¼æÊ�O�^ç�èmè�ç�é�è#� ���^�������	��
��
�������
�������



��� �����������	��
��
�������
�����������n���å(��Ê" ämã���%��'&)(*%,+ -/. � �
� J`\ULON�f�Y)TmN¼V�pqJ¯d[J`pqYÎY[LMY)p�W�N�JuRiV�LMY[a`lUY)\^]�YÎj�l�\U_
N�J`\UY { t �XxO~

{ t �Xx�z � �Kt �AÆ-��x
�Ìt �yÆ ��&��)xnt � � Æ � ! �AÆ�� � ��x z �

�
! �kÆ �

� %
�Ìt �kÆ ! �Xx .

�kÆ � �
��� Æ � �

� � � 0� � Í Yn]�Y)T pÐNQ\XVXTZYIRiV j#VULMYINQ\�N�_
N¼V�RÏY � � W�Y)Tyv 
 � � � Í Yn]*]�J � NQR a`lXVUf�VUa`\UJ fKN{ t �Xxu\UY)RhRiVIj�J�T pÎV<VId[J�L,]/V�\^]	N�fKN ]�Y)p�W�J 
M\UY)RhR �åY[LMY)p�W�N�J � z � � �   Y f�V^]�Jl�\�LON�L,]�Y)pÎVºfKNk]	NQW�J��;��RiV<j#VULMY©NQ\�N�_
N¼V�RÏY � � LONodcV�RÏd[J`RiV d[J`pqY 
M\UY)RhR �åY[LMY)p�W�N�J
� � z ' � � � z ' �

�
  ~ � � � � � z ' � � �� � � � � z '�� ' � � �± �?HKY)TZd[J�T TZY)\Uf�J RÏY©W�l�RÏL VU_
N�J`\�Nkd)TmN ]	N�d)eUY�NQ\<J�TZfKNQ\UY=d)TZY[LMd[Y)\^]�YILONgf�Yn]�Y)T pÐNQ\XV�\UJ RÏYj#VULMd[YoJ�TmN�_�_�J`\^]/V�RSN�NQ\Cd)l�NUJ�a`\�N�W�J`RÏJ J _�Y)TZJ 
 LMY)p�W�RSN�d[YoJqd[J`p�W�RÏY[LMLMJqYsd[J`\�NQlUa�V^]�J  Y���N�f�Y)\U_
N¼V3NQR`LnlUJ3d[J`\^]OTmNQP�l^]�J�Lnl�RhRiV j#VULMY��q�­R WXTmNQpqJ W�J`RÏJ�J3_�Y)TZJ3d)eUYÐLON×NQ\Ud[J`\^]OT�V


MW�l�RÏL VU_
N�J`\UYÐv 0   NQ\UfKN���N�f7lXV£RiV j#VULMdXN¼V 
 � � � � 0 z � � Æ�� � 0   f�J��
Y�� � f�Y)TmN��)Vf�V�RhRÏY WXTZJ`WXTmN�Yn] 
V f�YXN`fKN¼VUa`T�V�p�pÐN¡fKN×P�J�f�Y�Y)RÏY)pqY)\^]/VXTmN­~
� �©z

����� ����
'�� � � W�J`RÏJ�L,]/V�P�NQRÏY�J¯_�Y)TZJuNQ\UL,]/V�P�NQRÏY
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