
����� ���	��

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

�
�0�	./1/�/#

2
3547686:9<;>=@?A;>B5CED'3GFH3JILK:MON@P$9<B5PQNSR
T$UWVQXSY�Z\[8Y^]_[8`bacVd`�ebfg[8Vd`_[h]_iWjkXSUml�[kn>`_Vdo>iWVdUWVdpQqrXSYgs

t/u vwugx [:jzy'{>VQn>Ygs>XS]|iWVdY�Z\[8Y^]|[k`bacVd`~}�Y^]|[kpd`zX@]|iW�d[ l�[kn>`_VQ�_jhiW[8Ygj8[
� Y>iW�d[k`_�|iG]�qrVSa�Z�XSUWi�acVQ`|YgiWX7X@]AT�XdY�{g`_XdYgjhi��_jhV

T�XSY�{>`zXSY�jhi��|j8Vg��Z��/�S���8�^�@���S�d�Q�

���^���d���d�g���:�����d�� >��¡E¢k�>£�¤Q S¥¦�Q§��S¤d�©¨$ >¤g�S�g�$���:�$ª¬«Q­¦�@§��®¥L�	¯�°®±®¯$¯^²�³L´¶µ�¢®·¸¨$ >�>�$�J¹

º�»½¼d¾�¿>ÀÂÁ¦¾

}�Y�Vd`zs�[k`~]|V¶Ã>`|V�j8[k�_��iWYgjhVQÄ7iWY>p'�|VdngYgs>�A[hÅrjhiW[8Y^]|UWqd�¦iG]½i��%XQs��@XSY^]_Xdpd[8VQng�
acVd`J]_f>[�XSngs>i�]_Vd`_qÆ�Çq��Ç]|[8ÄÈ]|V o�[�XQs>XSÃ>]|[ks�]|V ]_f>[~��]zX@]_iW�Ç]|i�j8XdU>��]_`|ngjh]|n>`_[bVSa
YgX@]_n>`zXSU>XSn�s�i�]_Vd`_qÆ�|j8[8Y>[:� u �%�ÂXAÉg`z�Ç]Â�Ç]|[kÃÊiGY7iGY$�Q[k�Ç]|iWpQX@]_iGYgp%]_f>[~`|[kUWXS]|iWVdY
o�[8]�Ë\[k[8YÌ]|f>[Í�|q���]_[8ÄÎXdYgs�iG]_� iWY>Ã>n�]z�8�OË\[Ê�Ç]|ngs�q!UGV@Ëb�ÏVd`zs�[8` �Ç]_X@]_iW�Ç]|i�j8XdU
Ã>`_VdÃ¦[8`|]|iW[k��iWY��|[8�d[k`_XdUL�|Vdn>Ygs�[kYg�|[8Ä�ogUG[:��ng�|iGYgp¶XÊÉgUG]|[k`%ogXdY>y�XSYgXdUGq��|iW� u
{>V�jhn��ÇiWY>p�VQYÊ]|f>[ XSÄÊÃ>UWiG]|ngs�[ XSY�sÍÃ>fgXQ�Ç[�iWY¶s>i�Ð�[8`_[8Y^]�ac`_[kÑ^n>[kYgjhq7ogXdYgs>�k�
Ë\['ÉgYgsÒ�ÇiWÄÊÃ>UG[�ÃgXd`_XdÄ7[8]|`_iWj¶s�[k�_jh`_iWÃ�]|iWVdYg��acVd`H]|fg[8iW`Ês>iW�Ç]|`_iGogn�]|iWVdY	XdYgs
Ã�V@Ë�[8`Æ�|Ã¦[kjÓ]_`|ngÄÎ]_fgX@]�Xd`|[Í�@XSUWi�s!acVQ`Æ�d[k`|qÌs�i�Ð�[8`_[8Y^]Æ]�q$Ã¦[k��Vda��ÇVQn>Ygs>� u
}�YÒÃ�XS`|]|i�jhn>U�XS`:�Â]|fg[�XdÄÊÃ>UGiG]|n�s�[�s�iW�Ç]|`_iWo>n�]|iWVdY©fgXQ�7XdYÒ[8Ô�Ã�VQY>[8Y^]|i�XSU�]zXSiWU
XSYgs	i�]z�ÊÃ�V@Ë�[8`Í�|Ã�[:jÓ]_`|n>ÄÕ[hÔ�f>iWo>i�]z�ÍX!ÄÊV�s�iGÉg[ksÒÃ¦V@Ë\[k`Ç�ÏUWX®ËÖo¦[8fgX®�$iWVd`:�
Ë~f>i�jzfÍiW��ÄÊXdY>iGac[k�Ç]|[ksro^qÊ�|[8UGa×�Ï�|iGÄÊiWUWXd`|iG]�qHXdYgsÊUWVdY>pd�Ø`zXSY>pQ[�]|[8ÄÊÃ¦Vd`zXSU¦jhVd`|�
`|[kUWXS]|iWVdYg� u {gn>`Ç]_f>[8`_ÄÊVd`_[d��]_f>[Í��]zX@]|i��Ç]|i�j8�½acVd`�s�iGÐ�[8`_[8Y^]�ogXSYgsg�AË~iG]|fgiGYwX
pdiW�d[kY©[kYg�|[8Ä�ogUG[�Xd`|[��$iW`Ç]_ngXSUWUGq	iWs�[kY^]|i�j8XSUØ���|n>pdpQ[k�Ç]|iWY>pÙ]|`zXSYg�|UWXS]|iWVdY©iGY>�
�@XS`_iWXdYgjh[�XdUGVQY>pr]_f>[ÊjhV�jzf>UW[kXS` X@Ô�i�� u ebf>[:�Ç[7`|[:�ÇngU�]z�A�|f>V@Ë�]|f�X@] YgX@]_n>`_XdU
�ÇVQn>Ygs>��XS`_[~f>iGpQf>UWqH`_[ks�ngYgs>XSY^]:�^XdYgsÊfgX®�d[bÃ¦VQ�_�ÇiWo>UW[�iWÄ7ÃgUGi�j8XS]|iWVdYg�Ú]|V�]_f>[
Y>[8ng`_XdUÛjhV�s�[ ng�|[ks�o$qÍ]|f>[ÆXdngs�iG]|VQ`|q'�|q���]_[8Ä u

Ü ÝQÞ ¾�¿>ß~à%á%Á¦¾>âÇß Þ

ebf>[%jkXSÃgXQjhiG]�qHVda�]|f>[½XSngs�iG]|VQ`|q7�Çq��Ç]|[kÄã]_VÆ`_[8Ã>`_[k�|[8Y^]Â]|fg[AXSn�s�i�]_Vd`_qH�_jh[kY>[�i���`_[k�Ç]|`_iWjh]|[:sHo$q
]|fg[ÆÉgY>iG]|[HY$n>Ä�o¦[8`AVSa�jh[kUGU��%XdYgs�o$q�iGY^]|`_iWYg�Çi�j�Y>VQiW�|[ u ebf>iW��a<Xdjh]AUWiGÄÊiG]_�%]|f>[7XSo>iWUGiG]�q�VSaÂ]|fg[
Vd`_pQXdY>i��ÇÄä]|Vws�i��_jh`_iGÄÊiWYgX@]_[¶o¦[h]�Ë�[8[kY©s�iGÐ�[8`_[8Y^]r�ÇVQn>Ygs>�7Ë~iG]|f0�ÇiWÄÊiGU�XS`Í�|Ã�[:jÓ]_`|Vd�å]_[8ÄÊÃ�VQ`_XdU

æ×ç5è8é�é�êzë�ì�è:í^îQïðí^ñÆò8óQô�õ^è8éÓöL÷Ûø<ùÆò8ï�ú×ûLõ$ò8ñ®ò8ïWü�ìQõ@ý@ö óQþzëÏÿØö êÓîdó�ö� ÷mø<ùÆòkïðú×ûÛþ|õdé�ï�ëÇü�ìQõ@ý@ö óQþzëÏÿØö êÓîdó�ö



jzfgXd`_XQjÓ]|[k`|i��Ç]|i�j8� u�� V@Ë�[8�Q[8`:��iG]'iW�rÃ�V^�|�|iGogUG[�]_Vw[8Y>f�XSYgj8[�]|f>[!s>iW�_jh`_iGÄÊiWYgX@]_iGVQY0XSo>iWUGiG]�q	o$q
X*�|n>iG]_XSogUG[Ùjzf>Vdi�jh[�Vda�]|f>[Ì[8Ygj8V$s>iGY>p	Ã>`|V�j8[ks�n>`_[�ng�|[ks�o$q©]|fg[!�Çq��Ç]|[kÄ��%YgXSÄÊ[8UWq©VSa�]|fg[
]|`zXSY���acVQ`|ÄÍX@]_iGVQY!Vdab�|Vdn>Y�s>� `|[:Xdjzf>iWY>p¶]|f>[rj8V�jzf>UG[:X¶]|V�Y>[8ng`_XdUÚ�ÇÃ>iWyd[7]_`_XdiGYg� pQ[8Y>[k`_XS]|[:s!iWY
�|ngj8j8[k�_�ÇiW�d[HÃ>`|V�j8[k�_�ÇiWY>p'�Ç]_Xdpd[k�AiWY!`_[k�|Ã�VQYg�Ç[�]|V¶]|f>[:�Ç[Ê�|Vdn>Ygsg� u }�YÌpd[8Yg[8`zXSUØ��]_f>[Êjzf>Vdi�jh[HVSa
XÌpdV$V�s*[8Y�jhV�s�iWY>pÌÃg`|V�jh[:s�n>`_[¶`_[kÑ^n>iW`_[k�Hy^YgV@Ë~UG[:s�pd[¶VSa�]_f>[���]zX@]|i��Ç]|i�j8XSU~�Ç]|`_ngjÓ]_n>`_[¶Vda%]|fg[
�|Vdn>Ygs¶[8Y��Ç[kÄ�o>UW[ u
{>VQ`�]|fg[r�$iW�|ngXSUÚ�|q���]_[8Ä��J�Ç[k�d[8`zXSUJiWY$�d[k�Ç]|iWpQXS]|iWVdYg� Vda\]_f>['�Ç]_XS]|i���]_iWjkXSUÚÃ>`_VdÃ¦[8`|]|iW[k�ÆVSabiGÄÍXSpQ[
[8Y��Ç[kÄ�o>UW[k�HXSYgs
]_f>[8iW`7`|[kUWXS]|iWVdYg�Æ]|V!Yg[8n>`_VdYgXdU�`_[k�|Ã�VQYg�|[rÃ>`_VdÃ¦[8`|]|iW[k�Æf�X®�d[Í`_[kjh[kY^]|UWqÙo¦[8[kY
Ã¦[8`|acVd`_Ä7[:s��<{5iW[8U�s��k�����$�5��]|i�jzyÙXdYgs
	~[ks>UGi�jzf0�k�Q�d�>��	~ngs�[k`|ÄÍXdY
XdYgs
��iWXdUG[ky	�:�d�S��
 u }�Y
ÃgXd`Ç]_iWj8n>UWXd`k�®`_[kj8[8Ã�]_iG�Q[ÚÉg[kUWs>�OVSa�`|[8]|iWYgXSU^pQXdY>pdUWiGVQY�XSY�s���� l©jh[kUGU��5Ë\[k`|[ÂacVQn>Ygs�]|VAo�[bjhVQYg�Çi��Ç�
]|[kY^]AË~iG]|f!XdY�VdÃ�]_iGÄÍXdU���jhV�s�[ÆÃg`|[:s�iWjh]|iWVdY�acVQ`|ÄHn>UWXS]|[:s�Ë~i�]_f>iGYÌiGY>acVd`_ÄÊXS]|iWVdY�]_f>[8VQ`|q��<��]_iWjzy
�k�Q���>���AVdY>pÍXdYgs'��]_iWjzy��:�d����
Ó���|n>pdpQ[k�Ç]|iWY>pÆ]_fgX@]b]_f>[ �^i��|ngXSUmÃ¦[8`_iGÃgf>[8`_qÍÄÍX®qÍo�[Æs�[:�ÇiWpdYg[ks
Xd��]_V7]_XSyQ[�Xds��@XSY^]zXSpd[½VSaÂ�|iGÄÊÃ>UW[Æ��]zX@]_iW�Ç]|i�j8XdUmÃ>`|VQÃ�[k`Ç]_iG[:��VSaJ�^i��|ngXSUÛ�_jh[kY>[k� u
}�Y0Vd`zs�[k`Ê]|V*iWY$�d[k�Ç]|iWpQXS]|[�Ë~f>[8]|f>[k`Í]|fg[ÌXSn�s�i�]_Vd`_q	�|q$�Ç]|[kÄ i��'�|iWÄ7iWU�XS`_UGq©Xds>XdÃ�]|[:s	]_Vw]|fg[
�Ç]_X@]_iW�Ç]|i�j8XdUm��]_`|ngjh]|n>`_[ VSaLiG]_�bV@Ë~Y¶iGYgÃ>n�]_�k�gXHpdV$V�s'jzfgXd`_XQjÓ]_[8`_i��:X@]|iWVdY'VSaOXdngs�iG]|Vd`_qr�_jh[8Yg[k��iW�
Y>[:jh[k�_�_XS`_q u }�Y']_f>iW�bÃ�XSÃ¦[8`~Ë�[%]zXSyd[ XHÉg`z��]~��]_[8Ã�iGY�]_f>iW�~s>iG`_[kjh]|iWVdY'o$q'�Ç]|n�s�q$iGY>pÊUWV@Ëb�ØVQ`_s>[8`
�Ç]_X@]_iW�Ç]|i�j8XdU�Ã>`_VdÃ¦[8`|]|iW[k��VSa��|[8�d[k`_XdU��|Vdn>Ygs
[kYg�|[8Ä�ogUG[:� u ebf>[¶ÑQn�XSY^]|iG]|iW[k��Ë\[ÍacV�j8ng��VQY*XS`_[
]|fg[Ê�|Ã¦[kjÓ]_`|Vd�å]_[8ÄÊÃ¦Vd`zXSUJXSÄÊÃ>UWi�]_ngs�[ÊXSYgsÌÃ>fgXQ�Ç[7s�[hÉgYg[ksÙXd�AacVdUWUGV@Ë�� u {>VQ`½]|f>[Ê�ÇVQn>Ygs�������
Ó�
UW[h]��! "����
�s�[kY>VS]_[ÆiG]_�½jhVdÄÊÃ¦VdY>[kY^]_�%XS]�]|fg[H�|[h]%Vda5ac`_[kÑ^n>[kYgjhiW[k�$#��¦Vdo�]zXSiWY>[ks�o$q¶ÉgUG]|[8`_iWY>priG]
]|fg`|VQn>pdf�X7ogXSYgs>ÃgXd�_��ÉgUG]|[8`~o�XSY>y�jh[8Y^]_[8`_[ks�X@]b]|f>V^�Ç[½ac`_[kÑ^n>[kYgjhiW[k� u ebf>[8Y

�  �%��
'&)(  �%��
�*,+-�.�/#��1032  �%��
�
 ���!

Ë~f>[k`|[4(5 "�%��
46���XSYgs725 "����
ÆXd`|[Ê]_f>[¶�|Ã�[:jÓ]_`|Vd�å]_[8ÄÊÃ�VQ`_XdU�XSÄÊÃ>UWiG]|ngs�[8�åT�e5�9
HXSYgs
ÃgfgXd�|[�åT>e;:<
Ó��`_[k�|Ã¦[kjÓ]_iG�Q[8UWq u ��jhVQÄ7ÃgUG[8]|[�jzfgXS`zXdjh]|[k`|i=�kXS]|iWVdYÍVSaJXÊ�ÇVQn>Ygsr[kYg�|[8Ä�ogUG[ Ë~iG]|f�`|[:�ÇÃ¦[kjh]
]|V
X�pQiG�Q[8YwÉ�U�]_[8`ÊogXSYgyÙÄHng�Ç]7o¦[�pdiW�d[8Y	o^qÙ]_f>[?>�VQiGY^]Ís�i���]_`|iWo>n�]_iGVQY	VSa½XSÄÊÃ>UWi�]_ngs�[k�ÊXdYgs
Ã>fgXQ�Ç[:��X@]%XdUGUÛ]|iWÄ7[:�8��@?�%(  BA �%�DCE
GFH2  HA ���JI C 
,FLK=K�K=F�(  �M �%�JNO
GFH2  �M ���JIN 
�
 u }�Y�]_f>iW�%ÃgXSÃ¦[8`:�>f>V@Ë�[8�Q[8`:�
Ë�[%`_[k�Ç]|`_iWjh]�VQn>`_�|[8UW�d[:�Â]_VH�|[kjhVQYgs$�ÏVd`zs�[8`���]zX@]_iW�Ç]|i�j8�\iGY']|f>[½]_iGÄÊ[ s�VdÄÍXSiWY¶XdYgsÍ[8Ô�XdÄÊiGY>[A]|fg[
s�i���]_`|iWo>n�]_iGVQY�XSYgs¶Ã�V@Ë�[8`��|Ã¦[kjÓ]_`|ngÄ VSa5]|f>[Æ�Ç]|V�jzfgXQ��]_iWj½Ã>`_V�jh[:�|�|[k�P(  �%��
~XdYgsQ2  �%��
 u
l�Vd]|[%]|fgXS]�]|fg[½T�e5�¸XdYgs'T�e;:*Xd`|[AÑQn�XSY^]|iG]|iW[k��s�iW`|[:jÓ]|UWq7`|[kUG[k�®XdY^]Ú]|V7XSngs�iG]|VQ`|qHÃ>`_V$j8[k�_�ÇiWY>p u
ebf>[�s�iGÐ¦[k`|[kY^]~�Ç]_Xdpd[:�\VdaÛ]|fg[ÆXSngs�iG]|VQ`|qÍ�|q���]_[8Ä�Xd`|[½Vd`_pQXdY>i��k[ksÍiWY¶]|VdÃ¦VdpQ`_XdÃ>f>i�j�ac`_[kÑ^n>[kYgjhq
ÄÍXSÃg�k�O�|V�]|fgXS]Æjh[8UWU�� ]|n>Yg[ksÌ]|V�]|fg[r�|XdÄ7[r�|VdngYgs�ac`_[kÑ^n>[kYgjhq�#ÌXd`|[ÊVQ`|p^XSY>i=�8[:s�iGYw�Ç]|`_iGÃ¦[k�
Ã¦[8`_Ã�[kYgs�i�jhn>U�XS`Í]_V
]|f>[Ìs�iG`_[kjh]|iWVdY�VSa½ac`_[kÑ^n>[8Y�jhq	Ãg`|VQpd`_[k�_�ÇiWVdYR�<�|[8[d�b[ u p u �S:Úi�jzy$UG[:���k������
 u
ebf>[HY>[8n>`_VdY�XSUL`_[k�|Ã¦VdYg�|[k��Xd`|[Æ]|f$ng�½s�[h]_[8`_Ä7iWY>[:s�o^qT(5 rXSY�sU2V >�¦XdYgs�o$qQ(V rXdUGVQY>[ÆË~f>[kY
Ã>fgXQ�Ç[8�ØUWV�jzy$iGY>pÊs�i��|XdÃ>Ã¦[kXS`z�bXSo¦V@�d[½�XWO� xY� � u
Z []\ ¾O^�ß~à%¼
T$iWYgjh[�iG]%i���s�iGÅrjhn>UG]~]|VÍVQo�]_XdiGY�XÊ`_[8UWiWXdo>UG[��_XSÄÊÃ>UW[ VSaÂXSY�XSY>iWÄÍXSU/_ �%XSngs�iG]|VQ`|q¶�|j8[8Y>[ V@�d[k`~X
�|n�ÅrjhiW[8Y^]|UWqÆUWVdY>p½]|iWÄÊ[d�QË\[~jzf>V^�Ç[�iGY���]_[kXds�]|V�XdYgXSUWq��8[~�Ç[k�d[k`_XdU^s�iGÐ�[8`_[8Y^]��ÇVQn>YgsH[8Yg�|[8ÄHo>UW[k�k�
[kXQjzf¶j8VdYg�|iW�Ç]|iWY>pHVSaOX¶�`�SÄ7iWY¶�|VdngYgsrVdaOXHj8[8`|]_XdiGY']�q^Ã¦[ uJt [ ng�Ç[:s'jkX@]b�dV�j8XdUGi=�kXS]|iWVdYg�k�QogiG`zs
�|VdY>p^�8�\Ë\VQU�a jh`_iG[:�8�\[8Y$�$iG`_VdY>ÄÊ[kYQ]zXSU~�|Vdn>Ygsg�8���Çq$ÄÊÃ>f>VQY>iWj�ÄHng�Çi�jS��>ÇX-�E�d��Ã�VQÃÒÄHng�|iWjd��XdYgs
�|Ã�[k[kjzf u ebf>[H�ÇVQn>Ygs>�%Ë\[k`|[�VQo�]_XdiGY>[:s�ac`|VQÄ j8VdÄÊÄÊ[8`zjhi�XSUWUGq�X®�@XSiWUWXdo>UG[Æj8VdÄÊÃgXQjÓ]%s�i��|jk�%XdYgs
ac`_VdÄ�`|[:jhVQ`_s�iWY>p^��VSa�XSY>iWÄÍXSU5�dV�j8XdUGi=�kXS]|iWVdYg�%iGY!]�Ë\V¶UWXdo�VQ`_XS]|Vd`_iW[k� u l�V�X@]|]|[8ÄÊÃ�] fgXQ�Ao¦[8[kY
ÄÍXds�[½]_VÍÄÊXdY>iWÃ>n>U�X@]|[½]_f>[�`|[:jhVQ`_s�[:s¶�|VdngYgs>�biWY�XdY^q'Ë�X®qa�<[ u p u ��o$q'`_[8ÄÊV@�$iGY>p7Y>VQiW�|[`
 u
b XQjzfÙ�|VdngYgs![kYg�|[8Ä�ogUG[ÍËbXd� UWVQXQs�[ksÌiGY^]_V�]|f>[rj8VdÄÊÃ>n�]_[8`�o$qÌ�Q�d�|[kjÊ�Ç[kpdÄÊ[8Y^]z��X@]ÆX��|XdÄ7�
Ã>UWiGYgp�`_XS]|[rVda9c-de&��d�fKW� xY� � u �~a×]_[8`Ês�[kj8iGÄÍXS]|iWY>p�]|V�c-d,g-�>�OË�[rÃ¦[8`|acVd`_ÄÊ[ksÙ]|fg[racVdUWUWV@Ëb�
iWY>pwac`_[kÑ^n>[8Y�jhq^�Øo�XSYgs0XdYgXSUWq��Çi�� uhb Xdjzf0�Ç[kpdÄÊ[8Y^]'ËbXd�rÃgXd�_�Ç[:s©]|f>`_Vdngpdf¬XwogXdYgs�ÃgXQ�|�ÍÉgU��



−2 0 2
−3

−2.5

−2

−1.5

−1

−0.5

0

log
10

(p
(a

))

Symphonic music

−2 0 2
−3

−2.5

−2

−1.5

−1

−0.5

0

log
10

(p
(a

))

Speech

−2 0 2
−3

−2.5

−2

−1.5

−1

−0.5

0
Cat vocalizations

a=log10(x)

log
10

(p
(a

))

−2 0 2
−3

−2.5

−2

−1.5

−1

−0.5

0

a=log10(x)

log
10

(p
(a

))

Environmental sounds

{5iGpQn>`_['��i��%ÄÊÃ>UGiG]|n�s�[ÊÃ>`|VQogXSogiGUWi�]�q�s�i��Ç]|`_iGo>n>]|iWVdY�iWYÌs�iGÐ�[8`_[8Y^]Aac`_[kÑ^n>[kYgjhq�ogXdYgs>�%acVd`AacVdn>`
�|Vdn>Ygs¶[8Y��Ç[kÄ�o>UW[k� u

]|[k`ÆogXdY>y�Ë~iG]|f
iGÄÊÃ>ngUW�|[Í`|[:�ÇÃ¦VdY��Ç[:��j  ����
A]|V�pQ[h] ]|f>['YgXS`_`|V@Ëb�ÏogXdYgs�jhVQÄÊÃ�VQY>[8Y^]Æ�ÇiWpdY�XSU���  �%��
Y&k������
ml9j  �%��
 uÍt [Íng�|[ks
�_Ñ^ngXS`_[d�mY>VQY��ÏV@�d[8`_U�XSÃ>Ã>iWY>p'ÉgU�]_[8`z� Ë~i�]_fwjh[8Y^]_[8` ac`_[kÑ^n>[8Y>�
jhiW[k�Y#�UGVQpQXS`_iG]|f>ÄÊi�j8XSUWUWq��|ÃgXQjh[ks�Ë~i�]_f>iGYÌ]|fg[H`zXSY>pQ[�Vda%�k�Q��n0�d�:����� � � u ebfg[�ÉgUG]|[k`_�½Ë�[8`_[
ng�|ngXSUWUWq��XgX�S�ØV�jÓ]zX®�d[~Ë~i�s�[d�$o>n>]bË�[%[8Ô�Ã�[k`|iWÄÊ[8Y^]|[:srË~iG]|f'U�XS`_pd[k`�ogXdYgs�Ë~i�s$]|f���XQ��Ë�[8UWU u ebfg[
XSÄÊÃ>UWiG]|ngs�[ÆXdYgs¶Ã>fgXd�|[�iWY¶ogXdYgso#¶Ë\[k`|[½]|fg[8Y�Vdo�]zXSiWY>[ks¶�$iWXH]_f>[ � iWUGo¦[8`|]~]|`zXSY���acVQ`|Ä

prq �! f�%��
tsu&��! "����
10wvx
y{z � I ����� I 
��n8� I &)(V f�%��
�|`}�~  ,�%�1�X� ~ �%��� K ����


ebf>[bac`_[kÑ^n>[kYgjhq�j8VdY^]|[kY^]JVdaV(  iW�Âo¦VdngYgs�[ks7o$q���XdYgs�o$q�]_f>[~ogXdYgs�Ë~i�s$]|fÍVda5j  �å{5UWXdYgXSp^XSY
�k���d��
Ó���ÇV¶yd[8[kÃ>iWY>pr]_f>[HU�X@]|]|[k`Ao¦[8UWV@Ë�#�pQngXS`zXSY^]_[8[k�~]|fgXS]A]_f>[HUWV@Ë�ac`_[kÑ^n>[8Y�jhiW[k�AiGY��  XS`_[
XSUWU�jhVQY^]_XSiWY>[:s	iWY�(  �bjhVQY�Ég`_Ä7iWY>pÙi�]z�ÍiWYQ]_[8`_Ã>`_[h]_XS]|iWVdY©Xd�7]|fg[�XSÄÊÃ>UWi�]_ngs�[�ÄÊV�s�n>U�X@]|VQ`ÊVSa
]|fg[Æj8XS`_`_iG[k`�jhVQ��#����|n>pQpd[k�Ç]|[:s'o$q����`
 u ebf>[�ÃgfgXd�|[�2V >�>o¦[8iWY>pÍ]|iWÄÊ[h��s�[8Ã¦[8Y�s�[8Y^]k��Ã>`_V$s>ngjh[:�
ac`_[kÑ^n>[8Y�jhqrÄÊV�s�n>U�X@]_iGVQY u {>VQ`�XHpQiG�Q[8Yo#']|f>[�`_[k�|n>UG]_�bË�[8`_[½X®�Q[8`zXSpd[:sÍV@�d[k`~XSUWUÛ�Ç[kpdÄÊ[8Y^]_� u
� º����$�Çâ�¾�áAà \�� âÇ¼Q¾�¿gâ�»½á~¾>â�ß Þ
t [�Ég`_�Ç]r[hÔ>XdÄ7iWY>[:s*]_f>[!T�e5� s�iW�Ç]|`_iWo>n�]|iWVdY�iWY0s�i�Ð�[8`_[8Y^]Íac`_[kÑ^n>[kYgjhq*o�XSYgs>��# u {5iGp u �
Ã>`_[k�|[8Y^]_� fgiW�Ç]|VQ`|pQ`_XdÄÊ�AVSa�@��<UGVQp CJ� (V �
AVdYwX�UGVQpQXS`_iG]|f>ÄÊi�jH�_j8XdUG[7acVd` acVQn>`Æs�iGÐ¦[k`|[kY^]��|VdngYgs
[8Y��Ç[kÄ�o>UW[k� u }�YHVd`zs�[8`L]|VAa<XdjhiWUWi�]zX@]|[bX%j8VdÄÊÃgXd`|i��ÇVQYÆXSÄÊVdYgpAs�iGÐ¦[k`|[kY^]5ogXdYgs>�5XSYgs�[8Yg�|[8ÄHo>UW[k�k�
Ë�['Y>VQ`|ÄÍXSUWi=�8[ksÙ]_f>['�@Xd`|i�XSo>UW[Í]_V!fgX®�Q[4�8[k`|V�ÄÊ[:XSY	XdYgswn>Y>iG]Ê�®Xd`|i�XSY�jh[d�;�<UGVQp CJ� (  �%��
���&
�OF;�D�cUWVdp C�� (  ����
�
J�!�.&/�d�gj8Vd`_`|[:�ÇÃ¦VdYgs>iGY>p�]|VrX7UWiGY>[:XS`~p^XSiWY�j8VdY^]|`_VdU u



−2 0 2
−3

−2.5

−2

−1.5

−1

−0.5

0
Symphonic music

log
10

(p
(a

))

a=log10(x)
−2 0 2

−3

−2.5

−2

−1.5

−1

−0.5

0
Speech

log
10

(p
(a

))

a=log10(x){5iGpQn>`_[Q�"i����ØÃ¦VdiWY^]ÊX®�Q[8`zXSpd[:s
XSÄÊÃ>UWi�]_ngs�[�s�i���]_`|iWo>n�]_iGVQYg�ÆacVQ`4#�&��Q�d� � �'iWY*]�Ë�VÌ�|VdngYgs
[8Y��Ç[kÄ�o>UW[k�k��n��ÇiWY>p��7&Ö��FB�d�OFB�d�OFk�k�d�fFB�d�d� u ebf>[H�|Ã¦[8[kjzf![8Yg�|[8ÄHo>UG[HiW�½s�iGÐ¦[k`|[kY^]Aac`_VdÄ ]|fg[
VdYg[½n��Ç[:s¶iWY�{5iGp u � u

�%� �|f>V@Ë~Y�iWY�]_f>[�É�pdn>`_[d��Ë~iG]|f>iWYÌX¶pdiW�d[kY�[8Yg�|[8ÄHo>UW[d�¦]|f>[7f>i���]_VdpQ`_XdÄÊ�AjhVQ`|`_[k�|Ã�VQYgs�iWY>pÍ]_V
s�iGÐ¦[k`|[kY^]½ogXdYgs>�½UWiG[ÊX@]_VdÃ�VQY>[7XdY>VS]_f>[8` u {>n>`|]|fg[8`_Ä7VQ`|[Q�mXSUG]|f>VQn>pdfÙjhn>`_�d[:�~ac`_VdÄ s�iGÐ¦[k`|[kY^]
[8Y��Ç[kÄ�o>UW[k�\XS`_[�Y>VS]�iWs>[8Y^]|i�j8XdUå�^Ë\[%acVdn>Y�sÊ]|fgXS]�]_f>[8qÍjhVQn>U�sÍXSUWU�o¦[�É>]|]|[:s'Xdjkjhn>`zX@]_[8UWqÆ]_VÆ]|fg[
�_XSÄÊ[ ÃgXS`zXSÄÊ[h]_`|i�j%acn>YgjÓ]_iGVQYgXSUÛacVd`_Ä���pQiG�Q[8Y�o$q

@���(V �
'� |����X� ���� �� 0
( � 
t��� � �<��

Ë~iG]|f�ÃgXS`zXSÄÊ[8]|[8`Ê�@XSUWn>[:�Ê`|VQn>pdf>UWqwiWY	]_f>[�`_XdY>pd[�VSa �OKW�
 ¢¡� ,�d���� �£k ¤�OK �>�\XdYgs
�OKW�e h�H�e /�OK ¥ u }�YÌ�|VdÄÊ[HjkXd�|[k�k�mXrÄÊi�Ô$]_n>`|[7VSa�]�Ë\V�s�iW�Ç]|`_iWo>n�]|iWVdY��AVdaÚ]|fg[�acVQ`|Ä¦�å��
%Ë�XQ�
Y>[:jh[k�_�_XS`_qd�d�|n>pdpQ[k�Ç]|iWY>p½]|f>[%Ã>`|[:�Ç[kYgjh[bVda¦]�Ë�V½]�q$Ã�[:�ÚVSam�|Vdn>YgsÊ�|Vdn>`zjh[:�L§^�Ç[k[d�Q[ u p u �S]|fg[%�ÇUWiWpdf^]
o>iWÄÊV$sgXSUWi�]�qÆiWYH]|f>[~UWV@Ë\[k`JÃgXS`|]_�5VSa�{5iGp u � u �A[h]zXSiWUW�JVdag]|fg[bÉ>]Ç]_iGY>p�Ãg`|V�jh[:s�n>`_[\Ë~iWUWU�o�[~pQiG�Q[8Y
iWY�XÍUGVQY>pd[k`~ÃgXSÃ¦[8` ubt [ÆacVdn>Ygs�]_f>[�acVQ`|Ä¨�<��
�]|Vro¦[ÆÃ>`_[k�|[8`_�d[:s¶XQ�~]_f>[�ÉgUG]|[k`%ogXdYgs�Ë~i�s$]|fg�
iWYgjh`_[kXQ�Ç[:s u
t f>[k`|[:Xd�w]_f>i��Òs�i��Ç]|`_iGo>n>]|iWVdY�s�[:j8X®q��*[8Ô�Ã�VQY>[8Y^]|i�XSUWUWq a<XQ��]�X@]ÒfgiGpQf�XSÄÊÃ>UWi�]_ngs�[:�©�ª@«�|����X� � gX( �  
h��i�]�s�V$[k�'Y>VS]��®XdY>i��Çf¬XS]'UGV@Ë XdÄ7ÃgUGiG]|ngs>[k�k��iGY�s�iWjkX@]_iGY>pÒX
ÉgY>iG]|[ÌÃ>`|VQogXSogiGUWi�]�q
acVd`H]|fg['V�j8j8n>`|[kYgjh[¶VSa%Xd`|o>iG]|`zXS`_iWUGqÙ�ÇVda×]Ê�|Vdn>Y�s>� u }�YÒj8VdY^]|`zXd�Ç]k�O]|f>[�T�e5��Vda%X8� Xdng�|�|i�XSY
Y>VQiW�|[��|iGpQYgXSU5j8XSY�o¦[H�|f>V@Ë~Y�]_V'o¦[Hs�i���]_`|iWo>n�]_[ks�XQj8j8Vd`zs�iGYgpÊ]|V�@U�R(V �|��5¬`�E­� ��Ë~f>i�jzf��@XSY��
i��Çf>[:�ÚX@]'(5 �&¬� XdYgsÍs�[kjkX®q��5a<Xd�Ç]|[8`J]_fgXSYU�å��
JXS]ÚUWXd`|pQ[P(5 um� [kYgjh[Q�d]_f>[~Vd`_iGpQiGYÊVda�]_f>[�U�XS`_pd[
s�q$YgXdÄ7i�j\`_XdY>pd[\ng�Çn�XSUWUGqÆXQ�|�|V�jhi�X@]|[:s�Ë~iG]|fÊXSngs�iWV �ÇiWpdYgXdUW�5j8XdY�o¦[�]|`zXdjh[:s�]_V%]_f>[~XSo>n>Y�s>XSYgj8[
VSaÂ�|VSa×]��ÇVQn>Ygs>�b`zX@]_f>[8`b]_fgXSY�VSaJUWVdngs¶VdY>[:� u

® º����$�Çâ�¾�áAà \°¯S\ �J±D² ¯ â��ÖâD��ÀJ¿gâ�¾�³
��Y�iWYQ]_[8`_[k�Ç]|iWY>p	Ãg`|VQo�[ÙVSaÆ]_f>[wT�eO� ]_[8ÄÊÃ�VQ`_XdU½j8Vd`_`|[kUWXS]|iWVdYg�'iW�¶]_f>[
Ã>`|VQÃ�[k`Ç]�q�VdaH�|jkXSUW[
iWY^�@Xd`|i�XSYgj8[´�<XdUW�|VAjkXSUWUG[:sÆ�Ç]_X@]_iW�Ç]|i�j8XdU^�|[8UGa×���ÇiWÄÊiGU�XS`_i�]�qO
 u ebf>[�Ã>`|V�j8[k�_�µ(  �%��
LiW�5�_j8XSUW[h�ÏiWY^�@Xd`|i�XSY^]
Ë~f>[kY�XdY^qr�Ç]_XS]|i���]_iWjkXSUmÑ^ngXSY^]_i�]�qÍVQY¶X7pdiW�d[kY¶�_j8XSUW[¶�<[ u p u �>X@]�XHpdiW�d[8Y']|[kÄ7Ã¦Vd`zXSU�`_[k�|VdUWn�]|iWVdYL�
s�[8]|[8`_ÄÊiGYg[ksEo^q�]_f>[
�|XdÄ7ÃgUGiWY>p©`_XS]|[`
¶s�V$[k��Y>Vd]�jzf�XSY>pQ[ÙXQ�r]_fgX@]��_j8XSUW[ÙiW���@XS`_iG[:s u eOV
Vdo��Ç[k`|�Q[�]_f>iW�ÚÃ>`|VQÃ�[k`Ç]�q�Ë\[b[hÔ>XdÄ7iWY>[:s�]_f>[%T�e5�0s�i���]_`|iWo>n�]_iGVQY$@��%(  
JX@]�s>i�Ð�[8`_[8Y^]Â]|[kÄÊÃ�VQ`_XdU
`_[k�|VdUWn�]|iWVdYg�k�$o$q¶s�[8ÉgY>iWY>p7]|f>[Y���ÏÃ�VQiGY^]%X®�Q[8`zXSpd[:sÍXSÄÊÃ>UWi�]_ngs�[

( ~ N � �%��
<& ��
N � C·
¸G¹ � (  ���103ºO»�
 �c��




−1 0 1 2
−4

−3.5

−3

−2.5

−2

−1.5

−1

−0.5

0
Symphonic music

log
10

(S
(f)

)

−1 0 1 2
−4

−3

−2

−1

0
Speech

log
10

(S
(f)

)

−1 0 1 2
−4

−3

−2

−1

0
Cat vocalizations

log
10

(S
(f)

)

log10(f)
−1 0 1 2

−4

−3

−2

−1

0
Environmental sounds

log
10

(S
(f)

)

log10(f){5iGpQn>`_[Ê�fi���ÄÊÃ>UWiG]|ngs�['Ã�V@Ë�[8`Æ�|Ã�[:jÓ]_`|n>Ä iGYws�iGÐ�[8`_[8Y^]�ac`|[:Ñ^n>[8Ygj8q!ogXdYgs>�½acVQ`�acVdn>`Æ�|VdngYgs
[8Y��Ç[kÄ�o>UW[k� u

��»¼& �Xg-c d 
rXdYgs0jhVQÄÊÃ>n�]|iWY>p*iG]_��s�i���]_`|iWo>n�]_iGVQY u {5iGp u �ws�i��ÇÃgUWX®q��Ê]_f>[!f>i��Ç]|VdpQ`_XdÄÍ�ÊVSa@��<UGVQp CJ� ( ~ N � 
bacVQ`�]_f>[½#Q&°�d�Q� � � ac`_[kÑ^n>[kYgjhq�ogXdYgs�iGY�]�Ë\V'�|VdngYgs�[8Yg�|[8ÄHo>UW[k��VQY�XÍUWVdpQXS�
`_i�]_f>ÄÊiWj��|jkXSUW[d�®ng�|iGYgp´�U&/��FB�S�fFB�d�OF8�:�d�fFB�S�Q�ÂË~f>i�jzfHj8Vd`_`|[:�ÇÃ¦VdYgs½]_VAX�]|[8ÄÊÃ¦Vd`zXSU^`|[:�ÇVQUGn>]|iWVdY
`zXSY>pQ[ÆVSa��fK¾���$n0�`�S�dÄÍ�Ç[:j u 	~[kÄÊXd`|y@Xdo>UGqQ�g]_f>[7f>iW�Ç]|VQpd`zXSÄ `|[kÄÊXdiGY���n>Y>ÄÊV�s�iGÉg[ks![8�Q[8Y�acVQ`��&¿�S�d� u´� XQs�]|fg[?(V f�%��0ÀºO»�
�o�[k[8Y!�Ç]_XS]|i���]_iWjkXSUWUGq�iWYgs�[8Ã¦[8Y�s�[8Y^]A�@Xd`|i�XSo>UW[k�k��]|f>[7jh[8Y^]_`_XdU
UWiGÄÊiG]½]_f>[8VQ`|[kÄ�Ë\VQn>UWs�fgX®�d[HÃ>`|[:s�i�jÓ]|[:s!XT� XSng�_�|iWXdYe@��%( ~ N � 
�acVd` U�XS`_pd[�� u ebfg[�a<XQjÓ]½]|fgXS]
]|fgiW�ÂYgVdY��J� XSng�_�|iWXdY�s�i���]_`|iWo>n�]_iGVQY7Ãg`|[:�Ç[k`|�Q[k�Oi�]z�JacVd`_Ä Xd����iGY�jh`_[kXd�|[k�5iWÄÊÃ>UGiW[k�5]_f>[~Ã>`_[k�|[8Ygj8[
VSa5]|[kÄÊÃ�VQ`_XdULT�eO�/j8Vd`_`|[kUWXS]|iWVdYg�\V@�d[k`bUGVQY>pÊÃ�[k`|iWV�s>� u
l�Vd]|i�jh[�]|f>[ÊXSYgXdUGVQpdq¶o�[8]�Ë\[k[8Y�]_f>[HiWY$�@XS`_iWXdYgjh[ÆVdaµ@���(V �
%n>Ygs>[8` X'jzfgXdY>pd[ÆiWY�ÉgUG]|[k`Ao�XSYgs$�
Ë~i�s$]|fÛ�$`_[8Ã¦Vd`|]|[:sÊiGYÍ]_f>[%Ãg`|[k�^iWVdn����|[kjÓ]_iGVQYÛ�$XSYgsÊn>Y�s�[8`bXÆjzfgXdY>pd[�iWYÍ]_[8ÄÊÃ�VQ`_XdUg`_[k�|VdUWn�]|iWVdY u
��Yo(  Ë~i�]_f�XÊo>`_VQXds¶ogXdYgs�Ë~i�s$]|f�i��~[k�_�|[8Y^]|i�XSUWUGq¶XSY�X®�d[k`_Xdpd[AV@�d[8`b]_f>[Y(  _ ��Ë~i�]_f�YgXS`_`|V@Ë
ogXdYgs�Ë~i�s$]|f�Ë~iG]|fgiGY�]_f>[H�_XSÄÊ[�ogXdYgsm��]|f$ng��o�XSYgs�Ë~i�s$]_f�iGY$�@XS`_iWXdYgjh[�i��%XÊÄÍXdY>i�ac[:��]zX@]_iGVQY�VSa
T�e5�/jhVQ`|`_[8U�X@]_iGVQYg�\XQjh`_VQ�_�\ac`|[:ÑQng[8Ygj8qrogXSY�s>� u

Á º����$�Çâ�¾�áAà \)Â ß�Ã \ ¿ ¯ � \ Á¦¾�¿gá´�
}�YwVd`zs�[k`�]|V!�Ç]|n�s�q!]_f>[r]_[8ÄÊÃ¦Vd`zXSU\XdÄÊÃ>UGiG]|n�s�['jhVQ`|`_[8U�X@]_iGVQYg��s�iW`|[:jÓ]_UGqQ�5Ë�[rjhVQÄÊÃ>n�]|[:s
]|fg[
T�e5��Ã�V@Ë�[8`Ê�|Ã�[:jÓ]|`_n>Ä«Äµ "�ÆÅ<
�&¦�BÇ�È(5 "�ÆÅ<
8Ç �`��iWY0s�iGÐ¦[k`|[kYQ]ÍogXdYgs>�4#��\Ë~f>[8`_[ÀÈ(V f�ÆÅ<
HiW�
]|fg[*{>Vdng`|iW[8`�]_`_XdYg�ÇacVd`_Ä VSa7]|f>[wUWVdpd�ÏXdÄÊÃ>UGiG]|n�s�[
UGVQp CJ� (V f�%��
�VQo�]_XdiGY>[:s�o^q�X)���!�®�ÏÃ�VQiGY^]
{J{Je u �A�7iW�7Ë�[8UWU��Ïy$Y>V@Ë~YÛ�5]|f>[��|Ã�[:jÓ]_`|n>ÄÉÄ  �ÆÅ<
�iW�H]_f>[�{gVdn>`_iW[8`H]|`zXSYg�ÇacVd`_Ä Vda�]|fg[¶UWVdpd�
XSÄÊÃ>UWiG]|ngs�[ÊXSn>]|VS��jhVQ`|`_[8U�X@]_iGVQY�acn>Ygjh]|iWVdY8*  �%Êf
$&Ë�<UGVQp CJ� (  �%��
$UWVdp CJ� (  �%��0�Êf
D� u�t [7ng�Ç[:s



]|fg[½�k[8`_VS�ÏÄÊ[kXSYL�mn>Y>iG]Ç�Ï�®Xd`|i�XSY�jh[7Y>Vd`_ÄÍXSUWi��:X@]|iWVdY!VSa\UWVdp C�� (  �LË~f>iWjzfÙiWÄ7ÃgUGiW[k�½]_f>[ÊY>Vd`_ÄÍXSUG�
i=�kX@]_iGVQYÀÌ z Å<Ä  �%Å<
�& jhVdY���]`KÂVSa%]_f>[��|Ã�[:jÓ]|`zX u {5iGp u �ÌÃg`|[:�Ç[kYQ]z�eÄ  Xd�ÊXÌacn>YgjÓ]_iGVQY�VSa
]|fg[�Ä7V�s�ngUWXS]|iWVdY�ac`|[:Ñ^n>[8Ygj8q�cT&ÀÅPg�� x VQY�X7UWVdp^XS`_i�]_f>ÄÊiWj �_j8XSUW[½acVd`bacVQn>`%s�iGÐ¦[k`|[kY^]~�|VdngYgs[8Y��Ç[kÄ�o>UW[k� u l�VS]_iWj8[ ]|fgXS]k�gXQ�biGY�]_f>[Æj8XQ�Ç[ VSaO]|f>[7T�eO�/s>iW�Ç]|`_iGogn�]|iWVdYÛ�>]|f>[Æs�iGÐ�[8`_[8Y^]�jhn>`_�d[:�
jhVQ`|`_[k�|Ã¦VdYgs�iWY>p!]|V
s�i�Ð�[8`_[8Y^]Êac`_[kÑ^n>[8Y�jhqwogXdYgs>�7Ë~i�]_f>iWY©XÙpdiW�d[kY*[8Y��Ç[kÄ�o>UW[�UGiW[�XS]|VQÃ	VdYg[
XSYgVS]|fg[8`:�QiWYgjhUWngs�iWY>p7iGY�s�iG�$i�s�ngXdU¦Ã¦[kXdy��L§�XSY�sÍË~f>[8`_[kXQ�\�|Ã¦[kjÓ]_`_X�iGY�s�iGÐ¦[k`|[kYQ]b[8Y��Ç[kÄ�o>UW[k��XS`_[
Y>Vd]5i�s�[8Y^]_iWjkXSUØ�SË\[\acVdngYgsHX½�|iGÄÊÃ>UW[bÃgXS`zXSÄÊ[h]_`|i�j�s>[k�_jh`_iGÃ�]_iGVQY��@XSUWi�s�acVd`ÂXdUGU$[8Y��Ç[kÄ�o>UW[k�5Ë~f>i�jzf
i��bpdiW�d[8Y�o$q

Ä  �ÆÅ<
'� ��ÆÅ �� 07Å � 
�Í�� � F ����

Ë~iG]|fÊÃgXS`zXSÄÊ[8]|[8`J�@XSUWn>[:�J`|VQn>pdf>UWq�iWYH]_f>[b`_XdY>pd[�VSaJ�� �Î7 À�OK �½XSY�s'�:�"��Ï� �Å �  E� u ebf>iW�
i���X�ÄÊV�s�iGÉg[ks
Ã¦V@Ë\[k`Ç�ÏU�X®ËÈacVd`_Ä«�cY>Vd]|[Í]_fgX@]eÄµ UÐÒÑ�g`Å Í XS]�UWXd`|pQ[�Å<
Ó�JiWÄ7ÃgUGq$iWY>p�UWVdY>pd�
`zXSY>pQUG[�]|[8ÄÊÃ¦Vd`zXSU�jhVQ`|`_[8U�X@]_iGVQYg�ÛiWYÆ]_f>[~XSÄÊÃ>UWi�]_ngs�[�iÛ]|fg[k�|[�j8Vd`_`|[kUWXS]|iWVdYg�Os�[kj8`|[:Xd�|[\�|UGV@Ë~UWqe�<Xd�
XÍÃ¦V@Ë\[k`%U�X®Ë�iGYU��
%VdY�Xr]|iWÄÊ[H�_j8XSUW[ÆVda��!g`Å � �¦o�[kqdVdY�s�Ë~f>i�jzf�]|f>[kq�s�[kjkX®q¶[8Ô$Ã¦VdYg[8Y^]|i�XSUWUGq
a<Xd�Ç] u �LXd`|pQ[8`1Å � jhVdY^]_`|iWo>n�]_[k�OÄ7VQ`|[\]|VA]|fg[.Ó�XS]Ç]_[8Y>iWY>p½VSa>]_f>[~�ÇÃ¦[kjh]|`_n>ÄÈX@]JUGV@Ë*ac`|[:ÑQng[8Ygj8iG[:��<�|[8[Í[:�ÇÃ¦[kj8iWXdUGUWq�]_f>[r�|Ã�[k[kjzfw�ÇÃ¦[kjh]|`zX�
 XdYgs
jhVd`_`_[k�|Ã�VQYgs>�½]|V�X��|f>Vd`|]|[k`ÆjhVQ`|`_[8U�X@]_iGVQY!]_iGÄÊ[ u
��p^XSiWYÛ�5iGY*�|VdÄÊ[rj8XQ�Ç[:�ÆX��|n>Ä Vda\]�Ë�V��|ngjzf
acVd`_ÄÍ��Ë�XQ��Y>[:jh[k�_�_XS`_qd�Lj8Vd`_`|[:�ÇÃ¦VdYgs>iGY>p�]_V�X
ÄÊi�Ô$]_n>`|[rT�e5��s�i���]_`|iWo>n�]_iGVQYwXd�½ÄÊ[8Y^]|iWVdY>[:s
XSo¦V@�d[�§O�Ç[k[d�Û[ u p u �L]|f>[Ê[8Y$�$iW`|VQY>ÄÊ[8Y^]_XdUJ�|VdngYgs
�|Ã�[:jÓ]|`zXT�cUWV@Ë\[k`b`|iWpdf^]~ÃgXS`|]~VSaÂ{5iGp u �7XdYgs�{OiWp u �!
 u
ebf>[�acVd`_Ä{����
OÃ�[k`_�|iW�Ç]|[:s�XQ�L]_f>[�ÉgUG]|[8`JogXdYgs�Ë~i�s$]|f7iWYgjh`_[kXQ�Ç[:s u }�YH]|f>[bUWiGÄÊiG]ÂVSa¦XdUGUWÃgXQ�|�LÉgUG]|[8`�cYgVS]��|f>V@Ë~Y�
%Ë\[Í�Ç]|iWUGUÚVQog�|[8`_�d[ks�]|f>i��½acVd`_Ä��LX¶a<Xdjh]Æ`|[kUWXS]|[ks!]|V�]_f>[Ê`|[kÃ�VQ`Ç]�VSa��%ÔÂV^�|��XdYgs
Z\U�XS`_yd[��k���-��
%VdY��Xg-c��ÏUGiWyd[HÃ�V@Ë�[8`Æ�|Ã�[:jÓ]_`_X�VSa~�|Vdn>Ygs�Õ UGVQngs�Y>[:�|�E_����%��
��7acVdn>Y�s
iGYw�|[8�d[k`_XdU
�|Ã�[k[kjzf�XSYgs�Ä�n��Çi�j½[8Yg�|[8ÄHo>UG[:� u

Ö Â ^�ÀÂ¼ \h� âÇ¼Q¾�¿gâÇ»Aá~¾>âÇß Þ À Þ à Â ß�Ã \ ¿ ¯ � \ Á¦¾�¿gá´�
t f>[k`|[:Xd�½]|fg['T�eO� iW�ÆX�Y>VQY�����]zX@]|iWVdY�XS`_q�Ã>`|V�j8[k�_� Ë~f>iWjzf
i���UWV$jkXSUWUGqÌ��]zX@]|iWVdY�XS`_q!XSYgsÙj8XdY
]|f$ng�%o�[H��]_ngs�iW[ks�VQY¶]_f>[�XdÃ>Ã>`_VdÃ>`_iWXS]|[½]|iWÄÊ[H�_j8XdUG[�ng�|iWY>pÍVdn>`AÄÊ[h]|fgV$sg�8�g]|f>[HT>e;:0iW�%Y>VdY>�
�Ç]_X@]_iGVQYgXS`_q�[8�d[kY!UWV�j8XSUWUWq u � ÄÊVQ`|[Ê�Çngi�]zXSo>UW[HÑ^ngXdYQ]_i�]�q�]_V¶[8Ô>XSÄÊiGYg[�i��AiG]_�½`zX@]_[�VSa�jzfgXSY>pQ[z 2  g z �Ó�¦jkXSUWUG[:s�]|fg[�iWYg��]zXSY^]_XdY>[8VQng�~ac`_[kÑ^n>[kYgjhq u%t [H�Ç]|ngs>iG[:s�]|f>[Ê�Ç]_X@]_iW�Ç]|i�j8�%VSa9Ç z 2  g z �$Ç
iWY�s�iGÐ�[8`_[8Y^]~[8Yg�|[8ÄHo>UG[:�8�>XdYgsÍacVQn>Ygs�iG]_�~s�i���]_`|iWo>n�]_iGVQY']_VÊo�[�s�[:�|j8`|iWo�[:s¶XQj8j8n>`_XS]|[kUGqÊo$qÍ]|fg[
ÃgXd`_XdÄ7[8]|`_iWj�acVd`_Ä×�å��
AË~iG]|f�¡�&��>�LË~f>[8`_[kXQ�AiG]_�ÆÃ�V@Ë�[8`Æ�|Ã�[:jÓ]_`|n>Ä jhVdngUWsÙo¦[ÍË\[kUGUJÉ>]|]|[:s
o$q�]|fg[HacVQ`|Ä×����
 u }�YÙXQs>s�iG]|iWVdYÛ�m]_f>VQ�|[ÍÑ^ngXSY^]|iG]|iW[k� Ë�[8`_[7�^iW`|]|ngXdUGUWq�i�s�[8Y^]|i�j8XdUÂiGY
s�iGÐ¦[k`|[kY^]
ogXdYgs>�HË~i�]_f>iGY©X�pQiG�Q[8Yw[8Y��Ç[kÄ�o>UW[ uÙv Vd`_[¶s�[8]_XdiGU���VQYw]|fgiW�HË\VQ`|yÙË~iWUGU�o�[�Ã>`_V@�$iWs�[:s
iGYÒX
UWVdY>pQ[8`bÃgXSÃ¦[8` u

Ø Ý �Ù�9�|âÇÁ�À5¾>â�ß Þ ¼8±zßÚ¿�º0á%àAâ�¾�ßÚ¿"³ Â ¿>ß~Á \ ¼$¼$â ÞÛÚ
t [½f�X®�d[A�|f>V@Ë~YÍ]_fgX@]�Xdngs�iG]|Vd`_qÍ�|j8[8Y>[:��fgX®�d[½�Ç[k�d[8`zXSU¦`_Vdo>ng�Ç]\UWV@Ëb�ÏVd`zs�[8`���]zX@]|i��Ç]|i�j8XSU�Ã>`_VdÃ>�
[8`|]|iW[k� u ebf>[wT�eO�äÃ¦V@Ë\[k`¶�|Ã�[:jÓ]_`|n>Ä fgXd��X*ÄÊV�s�iGÉg[ksEÃ�V@Ë�[8`|�ÏUWX®Ë o�[kfgX®�$iGVQ`k�%Ë~f>iWjzfEiW�
ÄÍXSY>iGac[k�Ç]|[:s'iWY��Ç[kU�a×���ÇiWÄÊiGU�XS`_iG]�qÊXdYgsÍ]_[8ÄÊÃ¦Vd`zXSUmjhVQ`|`_[8U�X@]_iGVQYg�ÚV@�Q[8`bXÆac[kË¸f$n>Ygs�`_[ks'ÄÊiGUWUGi��|[kjÓ�
VdY�s>� u ebf>[�s>iW�Ç]|`_iGogn�]|iWVdY�fgXQ��XSY�[8Ô$Ã¦VdYg[8Y^]|i�XSUm]zXSiWUOXdYgs¶ac[kX@]_n>`_[k��XÊÉ�Y>i�]_[ÆÃ>`_VdogXdo>iWUGiG]�qracVQ`
XS`_o>iG]|`zXS`_iGUWq��ÇVda×]��|VdngYgs>� u ��VS]|f!]|f>[7Ã>fgXQ�Ç[ÊXSY�sÌXdÄ7ÃgUGiG]|ngs>[7�Ç]_XS]|i���]_iWjk��j8XSYÌo�[Ês�[:�|j8`|iWo�[:s
o$q¶�|iGÄÊÃ>UW[�ÃgXd`_XdÄ7[8]|`_i��k[ksracn>YgjÓ]_iGVQYgXSUÛacVd`_ÄÊ��Ë~f>iWjzf�XS`_[ �@XSUWiWs¶acVd`%�d[8`_qrs�iGÐ¦[k`|[kY^]~]�q^Ã¦[k��VSa
�|Vdn>Ygsg� u ebf>[:�Ç[�`_[k�|n>UG]_�bUW[kXds']|V7]_f>[ÆjhVQYgjhUWng�|iGVQY']_fgX@]�YgXS]|n>`zXSUÛ�|VdngYgs>�~XS`_[½f>iGpQf>UWq'`_[ks�n>Y>�
s>XdYQ]:��i u [ u ��]_f>[8qrV�jkjhn>Ã$q'X7�d[k`|qr�|ÄÍXSUWUÛ�Çngog�ÇÃ�Xdjh[ iWY']_f>[Æ�|ÃgXdj8[AVdaJXdUGUmÃ¦VQ�_�ÇiWo>UW[½�|VdngYgs>� u }Ï]
Ë�Vdn>U�s7]|f>[k`|[8acVd`_[~o�[%o�[kY>[hÉ�j8iWXdU>acVQ`Ú]|fg[%XSngs>i�]_Vd`_qH�|q$�Ç]|[kÄ ]_V�XdsgXSÃ�]ÚiG]_�\�ÇVQn>YgsÊ`_[8Ã>`_[k�|[8Y^]_XS�
]|iWVdY�]_VÍ]|f>[:�Ç[Æ�Ç]_XS]|i���]_iWjk�8�g]|f$ng�~iWÄÊÃ>`_V@�^iWY>p7]|fg[�XSY>iWÄÍXSULs>iW�_jh`_iGÄÊiWYgX@]_iGVQY�XSo>iWUGiG]�q u\t f>[h]_f>[8`



]|fg[ÊXdngs�iG]|VQ`|q��|q$�Ç]|[kÄ Xdjh]|ngXdUGUWq�acVdUWUGV@Ë��%]|f>i���s�[:�ÇiWpdYÌÃ>`|iWYgj8iGÃ>UW[7iW� XSYÌ[8ÄÊÃ>iW`|i�j8XdU5Ñ^n>[:��]_iGVQY
Ë~f>i�jzf�j8XSY�o¦[ÆX@]Ç]zXdjzyQ[ksro$q'�|n>iG]_Xdo>UG[�[8Ô�Ã�[k`|iWÄÊ[8Y^]_� u
{>ng`Ç]_f>[8`_ÄÊVd`_[d�O�|iWYgjh[rs�iGÐ�[8`_[8Y^]Æac`_[kÑ^n>[8Y�jhq!o�XSYgs>��jhVd`_`_[k�|Ã�VQYgs�]_V!s�iGÐ¦[k`|[kY^]��ÇÃgXS]|i�XSUÚUWV�j8XS�
]|iWVdY��ÊVdY*]_f>[�ogXd�_XSUbÄÊ[8ÄHo>`zXSY>[���:�iWjzy$UW[k���k������
h�Â]|fg[¶a<XQjÓ]Ê]|f�X@]Ê]|f>[�s>iW�Ç]|`_iGogn�]|iWVdYg�ÊXdYgs
�|Ã�[:jÓ]|`zXriWYÌs>i�Ð�[8`_[8Y^] ogXSYgsg�AË~iG]|fgiGY
XrpQiG�Q[8Y!XdYg�Ç[kÄ�o>UW[HXd`|[HiWs>[8Y^]|i�j8XdUJ�|n>pQpd[k�Ç]_�%]|fg[H[8Ô$i��Ç�
]|[kYgjh[�VSaJ]|`zXSYg�|U�X@]|iWVdY�iWY$�®Xd`|i�XSY�jh[ÆXSUWVdYgpÊ]|f>[7jhV�jzf>UW[kXS`�XSÔ�iW�k�gi u [ u ��XSUWUÛ]_f>[ÆUWV�j8X@]_iGVQYg�~iWY�]|fg[
jhV�jzf>UW[kX7Õ �|[8[�_5]|f>[��_XSÄÊ[��Ç]_XS]|i���]_iWjk� u ebfgiW�7i��ÍXSYgXdUGVQpdVdn���]|VÌ]|fg[']_`_XdYg�ÇU�X@]_iGVQY*iWY^�@Xd`|i�XSYgj8[
acVdngYgs�iGY�YgXS]|n>`zXSUmiWÄÍXSpd[:� u
{5iGY�XSUWUGqQ�^X `_[kj8[8Y^]Â]|f>[kVd`_qÆacVQ`ÚÃ�[k`|iWÃ>f>[k`_XdUg�$i��ÇngXdU>Ã>`_V�jh[k�_�|iGY>pe���%VQY>p�XSY�s7��]_iWjzy��k�Q����
LÃg`|Vd�
Ã¦VQ�|[k��]|fgXS]k�ÚiWY	VQ`_s�[k`�]_V!ÄÍX@Ô�iWÄÊi��k[¶iWY�acVd`_ÄÍX@]_iGVQYw]|`zXSYg�|ÄÊiW�_�|iGVQYwiGY^]|V
jhVQ`Ç]_[hÔm�J]|fg[Q��� l
Ã¦[8`|acVd`_ÄÊ�r]|[kÄ7Ã¦Vd`zXSU½jhVQ`|`_[8U�X@]_iGVQY©Vda�`|[8]|iWYgXSU½iGÄÍXdpd[k� u/t iG]|f>iWY¸XSYEXSYgXdUGVQpdVdn��ÍXSngs�iG]|VQ`|q
ÄÊV�s�[8UØ�Û]_f>[rs�[kj8Vd`_`|[kUWXS]|iWVdY�]_iGÄÊ[ÊacVQ`Æ�ÇVQn>YgsÌ[8Yg�|[8ÄHo>UG[:� `|[kÃ�VQ`Ç]_[ks!f>[8`_[ÊiGÄÊÃ>UWiG[:� ]|f�X@]�]|fg[
XSn�s�i�]_Vd`_q��|q���]_[8Ä �|f>Vdn>U�s�Ã>`_V�jh[:�|�%iGYgj8VdÄÊiWY>p'�|Vdn>Ygsg�%o$q�XÊac[8Ë f^ngYgs�`_[ks�ÄÍ�Ç[:jÓ�ÏUGVQY>p'�|[8pd�
ÄÊ[8Y^]_� u ebfg[ÆXSo>iWUGiG]�q'VdaJj8Vd`|]|i�j8XdUmY>[8n>`_VdY���]|VÊacVdUWUWV@Ë¸iWY�]|f>[kiG`�`_[k�|Ã¦VdYg�|[ Ä7V�s�ngUWXS]|iWVdY�`_XS]|[:�
Y>[:XS`ÚXSY�sÊo�[kUGV@Ë��k� � �bo>n�]�n��ÇngXdUGUWq�YgVS]Úf>iWpdf>[k`´�åT>jzf>`|[kiGYg[8`ÚXSY�s � `|o�Xd�~�:������
OÄÊX®q�`|[LÓg[kjh]
�|ngjzf�X7Ã>`_V�jh[:�|� u
4'K`ÜÛB�Ý�Þeß<P$C�à¦P�á*P$B�6k=
t [~]|fgXdY>y¶� u �\VQY>fgXdÄ�� xÊuQv iWUGUW[8`:�^T u l%XdpQXS`zXX>ÇXdYÛ�SXSY�sÊ[k�|Ã�[:jhi�XSUWUGq t/u ��iWXdUG[ky�acVd`�f>[8UWÃ�acn>U
s�i��|j8ng�_�ÇiWVdYg�\XSYgs¶�Çngpdpd[:��]_iGVQYg� uLt [½XdUW�|VÆ]_fgXSY>yÍ{ u ebf>[8ngY>iW�_�|[8YÍacVQ`\ÄÍXSy$iWY>p�fgiW��o>iW`_s'�ÇVQY>p
`_[kjhVQ`_s>iGY>p^�ÚX®�@XSiWUWXdo>UW[�]|VHng� u T�n>Ã>Ã¦Vd`|]|[ks'o$qÊebfg[�â%Årjh[AVSaOlAX®�®XdUV	�[k�|[kXS`zjzfU�<lA�d�Q�>�8�d�Ï�d�S�
�h�����S����
 u���u � u ËbXd���Çn>ÃgÃ�VQ`Ç]_[ks¶o^qrXÍT$UWVQXdY¶{gVdn>YgsgX@]|iWVdY¶pd`zXSY^]�acVd`�]|f>[ÆT$UWVQXdY�Z\[kYQ]_[8`bacVQ`
ebf>[kVd`_[h]|i�j8XdUml�[8ng`|VQo>iGVQUGVQpdq u
ã'P�äÏP^N@P^B5KdP$=
å�u å�u ��]|i�jzy XSYgs l u 	~[ks>UGi�jzf4���:�d�d��
Ó�:eLV@ËbXS`zs>�mX�]|fg[8Vd`_q%Vda�[kXS`_UWq��$iW�|ngXSUdÃ>`|V�j8[k�_�ÇiWY>p u l�[8ng`_XdU
Z\VdÄÊÃ>n>] u<æ �g�d���@�����S� u
å�u å�u ��]_iWjzyo�Ç�k�d����
h��Z\VQn>UWsriGY�acVQ`|ÄÍXS]|iWVdYÍ]_f>[8VQ`|qÊÃ>`_V@�$iWs�[AXSYr[:jhVdUWVdpQiWjkXSUg]|f>[kVd`_qHVdaO�Ç[kYg�|Vd`_q
Ã>`_V�jh[k�_�|iGY>p u l%[h]�Ë�Vd`_y�çL�f���k�S������� u
� u t/u �%VQY>p'XSY�s å�u ågu ��]_iWjzy����:�d����
Ó�geO[8ÄÊÃ¦Vd`zXSULs>[kjhVQ`|`_[8U�X@]_iGVQYµiÚX7]|fg[8Vd`_qrVdaJU�XSpQpd[:s¶XdYgs
Y>VQY��ØU�XSpQpd[:sr`_[k�|Ã�VQYg�Ç[:��iGY�]|fg[�UWXS]|[8`zXSU�pQ[8Y>i�jhn>U�X@]_[ Y^n�jhUW[8ng� u l�[8]�Ë\VQ`|y�èL�Û�`�d�@�z�!�-� u
� u å�u {5iW[8U�s��Ç�k�����-
h�m	�[8U�X@]|iWVdY��Æo¦[h]�Ë�[8[8Y*]|f>[���]zX@]|i��Ç]|i�j8�HVSa�YgXS]|n>`zXSU�iGÄÍXdpd[k�HXSYgsÙ]_f>[�`|[8�
�|Ã�VQYg�Ç[ Ã>`_VdÃ¦[8`|]|iW[k�bVda5j8Vd`|]|i�j8XSUÛj8[8UWUW� uéågu âAÃ�] u T$V�j u ��Ä u'ê �f�d���S�@�J�S�d�d� u
å�u � u {5U�XSYgXdpQXdY3���:���d��
Ó�µ:ÂXd`_XdÄ7[8]|`_iWj�jhV�s�iWY>p¶Vda��|Ã�[k[kjzfÙ�ÇÃ¦[kjh]|`zX u?å�u �%jhVQng�Ç] u T�V$j u ��Ä uèVëÛ�����`�®�Ï�g�:� u
å�u â u :Úi�jzy^UW[k�����k������
Ó�mì9í�îÆífï/ðDñ`òXófôLï�î�ñ-í�ï�ñUï%õOö�÷fõ�ø!ùGî�ñXú�ñBû�ø�ñ�ü½õOöHý-ðGîÆí�û8���@Y�s b s u 
 u T�XdY�AiG[kpdVg��Z��?ig�%jkXds�[kÄÊiWjY:�`|[:�|� u
� u � u 	�ngs�[8`_ÄÍXSY!XdYgs t/u ��iWXdUG[ky��Ç�k�Q�S��
h�¦T^]zX@]_iW�Ç]|i�j8�AVSa�Y�X@]|ng`_XdULiWÄÊXdpd[:�Li~�_j8XSUWiWY>priWY�]|fg[
Ë�V^V�s>� u :Úf$q�� u 	~[k� u �Û[h]|] u<þ çÛ�O�g�8�d�t�g�!� u
Z u b�u T�jzf>`_[8iWY>[8`�XSYgs å�u Ô u~� `_ogXd�k�´	~[kÃ>`_[k�|[8Y^]_XS]|iWVdY0VSa�XdÄÊÃ>UGiG]|n�s�[ÌÄÊV�s�n>U�X@]_iGVQY¬iWY¬]|fg[
XSn�s�i�]_Vd`_q¶j8Vd`|]|[hÔ�VSaJ]|fg[�j8XS] u }Ç} u Z\VdÄÊÃgXS`_i��ÇVQY�o¦[h]�Ë�[8[kY�jhVQ`Ç]_iWjkXSU�Ég[kUWs>� u;� [:XS` u 	�[k� u ç æ �
�Q�S�t¥Q� u
	 u { u ÔÂV^�|�OXSYgs å�u Z\U�XS`_yd[Û�Ç�k������
h�d�!g�cÆYgVdi��Ç[ÚiWYÆÄHng�Çi�jÚXdYgs��ÇÃ¦[8[:jzf u lAX@]_n>`|[ æ�ÿ ëÛ�®�>�X�:���>�`� u


