
���������
	��
������	 ����� �������
�����  !�"�$#&%�'(��'(	��)�+*�, ��'- /.&	&��0�1�'
1�2��3	�452)�
	�4"%�'6��	�7 �81&%9���9:;���
�<'=�3	��>�"*?�<�
�@���"	 �3	 �@.�'A�
�B�32C,��D:
�<'!�)*?�� E2).�'-�+*F%3�!,"'(*

GIHKJBL/M!NOJ;P
G(Q
RSH>TVUVWXQ3JYU!Z>[@\&Q^]9_SH>J;N`]3HKabL?J;PcNOJ;Q
Q3TdNOJSP
eIf Q3Q
Jhg i!j(J;NlkKQ3T9iVNmUon
pqNOJ;PYioUdZKJhrSsIJYU
tlrvuwHKJSHKx;HSt
yKZYizQ
R;_�{�tvu|NmUdTVNlJ;NOUVN
}~_;Q3TdWXZ>�?H>JSx��)a f Nlx�GIn�JSH>WXN`]3i
u|_SH>alWXQ3T9iwj(J;NlkKQ3T9iVNmUon�ZK[�}�Q
]9_SJ;ZKalZKPcn
� �����^�"�K�X�
Z>UdQ3�vZKTdPSr � MwQ
x�Q
J

�����9�9�����^�
���c�@�Y���z�|�Y�
���� +�¡�3��¢c£o�¡�-�¥¤I¦)§¨��£o§m©c§¨�o§�ª¬«9­^­^®^¯h§°�b¢c���¡�(�o±|�d²c�
 +§°©Y�C�o�Y���3³9³9¢K£z�
³d¤(±
´�¢Y��§°©Yµ

¶S§°©Y�¡��£?·>�o±¥³z���3�¬�o§°³w¸h�¬�o§° ��3�o§°±^©+�o±!�9�¬�o§° ��3�o�?�o�Y�?¹º�d»m±¥³d§°�¼¤q½��d»O�q§°©+�o�Y�/�3©Y©>¢Y»m�3£� +§¨²K§m©cµ!»m�¡¤º�d£¡¾
¿¼©"�o�c�w½Y£o�¬�/³¡�3���^ÀY�o�c�!¹º�9»°±¥³9§¨��¤"§°©c´`±3£o ��3�o§°±^©�§m�/�9�¬�o§° ��3�o�9��¢Y��§°©Yµ
§m©K´`±3£o ��3�o§°±^©�´O£o±^ ��
��§°©Yµ
»°�
§°©c�¬�z�
©¥�v§°©~�o§° +�h±^©!��Á)±@£z�^�c§°§Â¾�¿¼©~�o�Y�h���9³9±
©��-�
ÃcÃc£o±^�
³z��À��o�Y�h��§°µ^©Y�
»¥§°��ÄY±
¢c£o§°�d£���£z�
©Y�¬´l±
£o +�¡�~§°©
�o§° +���
©Y�-�o�c��´l£o�9Å>¢c�9©Y³V¤-�c�9Ã��d©��c�d©>�v³9±¥�dÆ+³d§m�d©>�o�C��£o�)�9�¬�o§° ��3�o�9�(¢c��§m©cµw³9±¥�VÆ+³9§°�9©¥�o�b +�¡�
��¢K£o�¡�
±
©+��Á�±!£z�
�c§°§ÂÀK�o�>¢c���dÇ;�d³d�o§°¹º�9»¨¤+§°©Y³9±3£oÃ�±
£z���o§m©cµI§°©K´`±
£o ����o§°±^©�´l£o±^ È�
»°»�Ã�±^§°©¥�o�)§°©+�o§° +�|§°©¥�o±!�o�Y�
�d�¬�o§m ����o�^¾É���Y�Ê�9�¬�o§° ��3�o�9�Ë¹º�9»°±¥³9§¨��¤Ì½��9»m�K�"��£o�Ê�o�Y�9©Ì¢Y���¡�ÌÁ?§¨�o�Í�o�c��Îh£o±
Ã��d£ÊÏ|£��o�c±^µ
±^©��3»
Ðw�9³9±^ +Ã�±
��§¨�o§m±
©��o±q³9±
©Y�¬��£o¢c³d�/»m±¡Á@Ñ¼�c§° +�9©c��§°±^©��3»v +±>�K�9»°�@±
´b�o�Y�~ÒY±¡Á!¾�¿Ó�/§m�@´l±^¢Y©Y�"�o�����/��±
�o�
�d�¬�o§m ����o�¡�w½��d»O�K�b�3£o�C³¡�3Ã��
�c»°�)±
´Y�
³d³9¢c£z���o�9»¨¤!£o�9Ãc£o±>�K¢Y³9§°©Yµ?�o�Y�hµ3£o±^����´`�9�3�o¢c£o�d��±
´c��±
�o�!�o�Y�h£o§°©Yµ
�¬��£o¢c³d�o¢c£o�d�@�
©Y���o�c�w§°©¥�o�d£�ÑÔ£o§m©cµI£o�9µ
§°±^©Y��´l±^¢c©��"§°©��o�Y�|���Y�¡��£?»O�9¤¥�V£¡Àc�c±¡Á��9¹º�V£¡ÀK�o�c�w��§°©Yµ
»°�dÑÔ�o§m +�
 +�V�o�Y±>���c±¥�9�?©Y±3�|�
³9³9¢K£z�3�o�9»¨¤�£o�9Ãc£o±>�K¢Y³9�~�o�c�!�
 +Ãc»°§°�o¢Y�c�~±3´��o�Y�|Ò�¢Y³V�o¢��3�o§°©cµq¹º�9»°±¥³9§¨��¤¥¾

Õ Ö 	X�)*@��7×1� w�@���"	
Ø¬U�Nli)M!N`x�Q3aln+TVQ^]�ZcPKJ;NlÙ3Q^xqUV_SH>U)a`H>TdPKQ|Q3J;Q
TVPcQ�UdNl]|ioUdT f ]�U f TdQ
i)R;a`Hºn+H>J"NOWXRvZKTVUdH>JYU�TVZcaOQ|NOJ�UV_;Q!x�n�JSHKWXNl]
i
Z>[|UV_;QÊJSQ
H>T
ÚSQ
alxËNlJÌWÊHKJYn×[ÔTVQ
Q���iz_;Q^H>T
ÛSZ¥M-i
rhi f ]9_ËHci
UV_;QÊH¥Ü�N`izn�WXWXQ�UdTVN`]Xiz_;Q^H>Tqa`HºnKQ3TqZ�]3] f TdTVNlJ;P
J;Q^H>T�UV_;Q�Q3Ü�NOUÊZ>[IHËTdZ f J�x&ÝoQ�U^tÉÞ(amUd_;Z f PK_ßUV_;Q
TVQ�H>TdQ�WÊHKJYnàx;Nmá�Q3TdQ3JYUXUVQ^]9_;J;N`â f Q
i"UV_SH>U�]3H>JÉ�vQ
f iVQ
x�UdZ�N`x�Q3JYUVNO[ÔnBUV_;Q�]�Zc_;Q3TdQ3JYUIizUVT f ]¡U f TdQ
i�ãdäÓå!æwZcJ;J;Q�UqH>JSx×�
a`H f izQ
T��
�c�>��ç¡r;ZcJ;aOn�HÊ[ÔQ
MèZ>[@UV_SQ
iVQ
]3HKJ���Q f izQ^xßUVZéizU f x;néUd_;Qêx�n�JSHKW�N`]3i�Z>[
UV_;QÌioUdT f ]�U f TdQ
i
tësIJ;Q&UVQ^]9_;J;N`â f Q�UV_SH>UB]
H>J���Q f izQ^x
[ÔZKT
Ud_;Nli
R f TVRvZciVQ"N`iIUV_;QÊì/TVZcR�Q
T+sITVUV_;ZcPKZcJSH>a)G(Q^]�ZKWXRvZciVNmUdNOZcJßã¼ìws
Gqç!UdQ
]9_;J;N`â f Q�NOJYUVTdZ�x f ]3Q
x×��n
í f W�alQ3n ã �^�K�Yî ç t

sIJ;Q~Z>[�UV_;Q!RSTVNlWÊH>Tdn�x�Nmï�] f amUdNOQ^i@Z>[bizU f x�n�NlJ;P
UV_;Q+ðÂñSò¡ó¬ô>ñSó�ô¥ñvõ9ö>÷�ò�x�n�JSH>WXN`]3i�ZK[�Ud_;Q!alHKTVPcQwizUVT f ]��
U f TVQ^i-M!NOUV_�UV_SNli(UVQ^]9_;J;N`â f Q�ãÓHKJSx�Z>Ud_;Q3T9idç!Nli-UV_SH>UINOU(TVQ^â f NOTdQ
i!UV_;Q�iVNlW f aOUdHKJ;Q3Z f i-WXQ
Hci f TVQ
W�Q
JYU-Z>[
UV_SQÊkKQ3alZ�]�NOUon×Z¥kKQ
TqUV_;QÊTdQ3PcNOZcJÌZK[wNlJYUVQ
TVQ^ioU^t�Þ(i�H�TdQ
i f aOU
rhUd_;Q3TdQÊ_SHºkcQ��vQ3Q
JË[ÔQ3MøH¥UzUdQ3WXR�U9i+UVZ&Q3Ü��
RvQ3TdNOWXQ3JYU9H>alaOnùizU f x�nÍUd_;QBNOJSizUdHKJYUdH>JSQ3Z f i"x�n�JSHKWXNl]
i�ZK[!UV_;Q�ioUdT f ]¡U f TVQ^i�ZcJßH>JéQ3JYUVNlTVQ�R;a`H>J;QBNOJßH
[ÔTdQ3Q���iV_;Q
HKT/ÛSZ¥M+t)Ø�JBZKJ;QqH¥UVUVQ3WXR�U~UdZ"NlJ�kKQ
izUVNlPcH>UVQ(UV_;Q^izQI[ÔQ
H>U f TdQ
i-u|NOUVTdNOJ;NOUVN?ãz�
�c�K�cç/izNlW f amU9H>J;Q
Z f iVaOn
WXQ
Hci f TdQ
xËUd_;QBkKQ3alZ�]�NOUonËÚSQ3a`xàH¥UB�
úcû&R�ZcNOJYU9i�NlJßHê_;NOPc_���ü!Q3n�J;Zcalx;iz�¬J f W��vQ3T"HKJ;J f a`H>T"iV_;Q^H>T�a`HºnKQ
T
f iVNOJSPB_SZ>Uz�¬M!NlTVQXH>J;Q
WXZKWXQ�UdQ3T9i3tXj(iVNOJSP�UV_;QÊìws
GýUdQ
]9_;JSNlâ f QÊ_;Q�[ÔZ f JSxËQ3k�N`x�Q3JS]3Q�UV_SH>U
Ud_;Q�iV_;Q
HKT
a`HºnKQ3T|MwHci/WÊHcx�Q f RBZ>[h�vZ>Ud_�TdNlJ;P�kcZKTVUVN`]�Q
i|H>JSx�ioUdTVQ^H>W"M!NliVQ-TdNO��kcZKTVUVN`]�Q^i?Ud_SH¥U~Z�]3] f T|�vQ�UoMwQ3Q
J�UV_SQ
kKZcTzUdQ�Ü�TdNOJSPci
t
Þ-aOUV_SZ f Pc_ùUV_;N`i�Q�Ü�RvQ3TdNOWXQ3JYUXn�NOQ
alx�Q^xùkKQ
TVn f iVQ�[ f awRS_Yn�iVNl]
H>awNOJ;[ÔZKTdWXH>UVNlZKJéHK��Z f U�Ud_;Q�H¥Ü�NliVn�W��

WXQ�UdTVN`]�iV_;Q
HKT�alHºncQ3T^rCUd_;Q�Q3ávZcTzU�TdQ
â f NlTdQ
xÌUVZÌR�Q
Tz[ÔZcTVWþUV_;Q�Q�Ü�R�Q
TVNlWXQ3JYU�Q3ávQ^]¡UVNlkKQ
aOnËR;TdQ
]3a f x;Q
i�NOUdi
f iVQqZKJ�H"M!N`x�Qqk¥H>TdNOQ3Uon�Z>[�ÛSZ¥M-i
t?sIJSQqHKamUdQ3TdJSH¥UdNOkcQ
HKR;R;TdZcHc]9_�i f PKPKQ^ioUdQ
x��Yn�j-ÿKQ
NOalQ3nËõ�ó~ô���� ã �^�K�cú ç
N`i@UVZ�W�Q^HKi f TdQ~UV_;Q-kcQ3alZ�]�NOUon�H>U|H+izWÊHKaOa�J f W��vQ3T/ZK[bR�ZcNOJYUdi|H>JSx f izQ(íCNOJSQ
H>T � UVZ�]9_SHcioUdNl]-L|ioUdNOWÊH>UVNlZKJ

�



ãÓí � L|ç/UdZ�HKR;R;TdZºÜ�NlWÊH¥UdQ(kKQ
aOZ�]3NmUonXZ¥kKQ
T/Ud_;Q
TVQ^ioU~Z>[�UV_;QIÚSQ3a`xbt?}~_;N`i~Q
izUVNlWÊH¥UdQ
x�kcQ3alZ�]�NOUonXÚSQ3a`x�]3Z f a`x
UV_SQ3J��vQ f izQ^x�HKi|H>J�NlJ;R f U~NlJcUdZ"ì~s
G UVQ^]9_;J;N`â f QIHKJSx�H>J�Q
izUVNlWXH>UVQ([ÔZKT?Ud_;Qqx�n�JSH>WXN`]3i?ZK[bUV_;Q
a`H>TdPKQ
izUVT f ]¡U f TVQ^i(]3Z f a`x���Q�x�Q
x f ]�Q^xbt-j-ÿcQ3NlaOQ
nÍõ3ó(ô���� ã �
�c�Kú ç HKJSx×æwZKJSJ;Q�U�õ3ó-ô�����ãz�
�K�K�Yç~x�Q
WXZKJSizUVT9H¥UdQ
x
UV_�H¥U-Ud_;Nli-UVQ^]9_;J;N`â f Q+MwHci-]3HKRSH>�;alQ+Z>[@HK]
] f T9H¥UdQ3aln�TdQ3R;TdZ�x f ]3NOJ;P�Ud_;Q�x�n�JSHKW�N`]3i-Z>[�UV_;Q�alHKTVPcQqizUVT f ]��
U f TVQ^i/M!_;Q
J�H>RSR;aONlQ
x�UVZ"ZKJ;Q-JSZKJ��¬_;ZKWXZcPKQ3JSQ3Z f i?x�NlTVQ^]¡UVNlZKJ�NOJBH�iz_SQ
H>Twa`HºnKQ3T^t�}~_SQ3nÊH>a`izZ"i f PcPKQ^ioUdQ
x
UV_�H¥UqUV_;QÊWXQ3UV_;Z�xÍ]�Z f alxê��QÊQ3Ü�UVQ3J�x�Q
xêUVZ�WXZKTdQÊizRSH>UVN`H>a@x�NlWXQ3JSiVNOZcJSiqNlJËH�ÛSZ¥M _;Z¥M|Q
kKQ
T
rbHKi
ncQ�U
r
UV_SQ3TdQ
_�HKi~J;ZKU-��Q
Q3J&H>J�H¥UVUVQ3WXR�U(UVZÊ]�ZcJ�ÚSTdW UV_;N`i
t

}~_;Q
ZK��ÝoQ^]¡UdNOkcQ(Z>[CUV_;N`iwNOJ�kKQ^ioUdNOPYH¥UdNOZcJ�Nli|UdZ"Q3Ü�HKWXNOJ;Q
NO[�í � LÉ]3HKJ��vQ f izQ^x�NlJ�]�ZcJ¥Ý f JS]�UVNlZKJBM!NmUd_
UV_SQ~ì~s
GßUVQ
]9_SJ;Nlâ f QwUdZ
Hc]3] f TdH>UVQ3alnqQ
izUVNlWÊH¥UVQwUd_;Q!x�n�JSH>WXN`]3i)Z>[�UV_;Q~a`H>TdPKQ|izUVT f ]�U f TdQ
i)ZKJ�H-[ f aOa����	�
R;a`H>J;QqNlJ�Ud_;Q�H¥Ü�N`izn�WXWXQ�UdTVN`]IiV_;Q^H>T~alHºncQ3T^t){(Q3TdQKr�UoMwZ�x;Nmá�Q3TdQ3JYU-H>R;RSTVZYHK]9_;Q^i|HKTVQ f iVQ
xbt@Ø�J�UV_;Q
ÚST9izU
H>RSR;TVZYHK]9_hrcZKJ;aln"UV_;QINOJ�[ÔZcTVWÊH>UVNlZKJÊ[ÔTdZKWøH�iVNOJSPKalQ-R�ZcNOJYUwNOJ�UVNlW�Q
H>TdQ f iVQ
xXUdZ�Q^ioUdNOWÊH¥UdQ-Ud_;Q(kcQ3alZ�]3NmUon
ÚSQ
alxêZKJ×Ud_;Q�R;alHKJ;QXH¥U
UV_;QXiVHKWXQ"NlJSizUdH>JYU^t
Ø�JÌUV_SQ�iVQ
]3ZKJSx×HKR;R;TdZcHc]9_hrSUd_;QÊí � L�NliqHKR;R;alNOQ^x&UVZ�UV_SQ
�;Z f TdNOQ
T(]�Z�Q�ï�]3NOQ
JcU9i~[ÔZKT-UV_;Q+Ú�Q3a`xùãÂUVT9H>J�io[ÔZcTVWXQ
xBNlJ�UVNlWXQ^çwUd_ f i-NlJS]�ZcTVRvZKT9H¥UdNOJ;P�NlJ�[ÔZKTdWÊH¥UVNlZKJB[ÔTdZKW
H>ala�RvZKNlJcU9i�NOJ�UdNOWXQKt�Ø�J�ZKT9x�Q3T)UdZqx;Q�UVQ
TVWXNlJ;Q!_;Z¥MéHc]3] f TdH>UVQ
aOnqUd_;Q
iVQ!Q
izUVNlWÊH¥UVQ^x�Ú�Q3a`x;i�TVQ
R;TdZ�x f ]�QwUV_SQ
x�n�JSHKW�N`]3i|Z>[bUd_;Q
alHKTVPcQ���iV]
H>alQwWXZKUVNlZKJSi
r�aOZ¥M~�¬ZKT9x�Q3T/W�Z�x�Q
ali/[ÔZKT|UV_SQ-ÛSZ¥M-iwx�n�JSH>WXN`]3iwH>TdQ(]�ZcWXR f UVQ^x
��nÉHKR;R;aln�NOJ;PÍUd_;Qêì~s
G UVZùUd_;Q×Q^ioUdNOWÊH¥UdQ
xÉÚSQ
alxSi3t }~_;Q^izQ&WXZ�x�Q3a`i�HKTVQ�Ud_;Q3J ]3ZKWXRSHKTVQ^xéUdZùUV_SQ
H>J�H>alZKPKZ f i|W�Z�x�Q
aC]�ZcWXR f UVQ^x�[ÔTVZcW UV_;Q�Hc]¡U f H>abkcQ3alZ�]3NmUon�ÚSQ3a`xÍã�u|NOUVTdNOJ;NOUVN/�
�K�c�cç�t


 � �+ 
��4�*@��1&	�7
����� ���������������! #"�����$	�&%'"���(��*)��,+-�/.0"
Ø�J ZcTdx�Q
TÊUVZßioU f x�nÉUV_;QËx�n�JSH>WXN`]3iÊZK[+UV_;QÌalHKTVPcQ×ioUdT f ]¡U f TVQ^iÊNOJ UV_;QËH¥Ü�NliVn�WXW�Q3UVTdNl]&iV_;Q^H>T�a`HºnKQ
T
u|NOUVTdNOJ;NOUVN ã �
�c�K� ç21 ]�ZKJ�ioUdT f ]�UVQ^xêH>JÍH>TdT9HºnBZK[I�^úKû�iVNlJ;PKalQ��¬M!NOTdQ"UVT9H>JSidx f ]3Q3T9i-Ud_SH¥U�M~HKi
R;a`HK]3Q
xËH¥U+H
x�N`ioU9H>JS]3QXZ>[|ú�x�N`H>WXQ�UdQ3T9iqx�Z¥M!JSizUVTdQ
H>W ZK[wH�TVZ f JSx�ÝoQ�U
t��
a`H f iVQ3T ã �
�Kû�î ç _SHKxËiz_SZ¥M!JêR;TdQ3k�NlZ f iVaOn
UV_�H¥UhUd_;Q/a`H>TdPKQ@izUVT f ]¡U f TVQ^ibNlJ+ÛSZ¥MÍ]�Z f alxq�vQ?TdQ
iVZKalkKQ
x f iVNlJ;P~UV_;Qwìws
GùNO[�UV_SQ?kKQ
aOZ�]�NOUon(M~HKihW�Q^HKi f TdQ
x
H¥U
�ÊTdHcx�N`H>aCRvZciVNOUVNlZKJSiIHK]�TdZcidiwUV_SQ�a`HºnKQ3T-H>U��43�57698;:O�=<�>?8@:¨�>û@>?8@: �S�crA8;: <>�;>?8@: �YîA>�HKJSxB8@: û48St-{-Q�HKaliVZ
[ÔZ f JSxÍUV_�H¥U�Ud_;Q�HKÙ3NlW f Ud_SH>awx�Q3RvQ3JSx;Q3JS]3Q�Z>[~Ud_;Q�izUVT f ]¡U f TdQ
i�]3Z f a`xù�vQ�TVQ^]�Z¥kcQ3TdQ
xÌNm[!Ud_;Q�kcQ3alZ�]3NmUon
M~HKiwWXQ
HKi f TdQ
x�H>U-�"HKÙ3NlW f Ud_SH>a�RvZciVNmUdNOZcJSi~H¥U~UV_;QqNlJ;J;Q
TwWXZYioU!T9HKx�N`H>avR�ZYizNOUVNlZKJ�H>J�x×�^�;r;�¥�Sr�úY��r�úc�;r
H>J�xùúc�BRvZciVNmUdNOZcJSi�H>U�UV_;Q�Z>Ud_;Q3TC<BTdHcx�NlHKa/RvZciVNmUdNOZcJSi
r�TdQ
iVR�Q^]¡UdNOkcQ3alnKt&}~_;N`i�NlJ�[ÔZKTdWÊH¥UVNlZKJùM~HKi f izQ^x
UVZBalZ�]
H¥UdQ�UV_SQ"R;TdZK�vQ
iIM!NOUV_;NlJêUd_;QB�
úKû�M!NOTdQ"HKTVT9HºnKt
}~_;Q"WXQ^H>JêkcQ3alZ�]�NOUonBJSZKTdWXHKaONlÙ3Q^x���n�UV_;Q�Q�Ü�NOU
kKQ
aOZ�]3NmUon�TdHKJ;PKQ^xB[ÔTVZcWD8St ��UdZE8;tl�F<�Z¥kcQ3T!Ud_;Q
iVQ��ÊT9HKx�N`H>aCR�ZcNOJYUdi(NOJ�x�Nl]
H¥UdNOJ;P�UV_SH>U-UV_SQ"H>TdT9Hºn�Z>[@_;ZKU
M!NlTVQ^i�WXQ
Hci f TdQ
xÌUd_;Q�izUVTdQ
HKW�M!N`izQÊkcQ3alZ�]3NmUonË]�ZcW�RvZKJSQ3JYU"NlJàH&TdQ3PKNlZKJËUd_SH¥UXizRSHKJ;J;Q^xÍW�ZYioU"Z>[!UV_SQ
iV_;Q
HKTwa`HºnKQ
T
t
}~_;Q?Q3Ü�NmUCkcQ3alZ�]�NOUon(R;TdZ>ÚSalQ@Z>[�Ud_;QbÝoQ�U)MwHcihHwUVZcR+_SH¥UCUVZ-M!NOUV_;NlJ	8StO��G�M!NOUV_�HwU f TV� f aOQ
JS]�Q/NOJYUVQ
JSiVNmUon

Z>[H8;t úI<0G�t)}~_;Q~Z f UdaOQ3U@kKQ3alZ�]�NOUon+Z>[�UV_;Q�ÝoQ3U�M~HKi�iVQ�U?i f ]9_�Ud_SH¥U�Ud_;Q!Q�Ü�NOU@ü-Q3n�J;ZKa`x;i)J f W��vQ3T@��HKiVQ
x�ZcJ
UV_SQIJ;ZcÙ3Ù
aOQ(x;NlHKW�Q3UVQ
T
r�5�rYM~HKi|û48Sr 8I848;t)�;ZcT?UV_SQ
iVQ
]3ZKJSx�NOUVNlZKJ�i3r��
alH f iVQ3TIãz�
�cûYî>ç?x�Q3WXZKJ�ioUdTdH>UVQ
xÊUV_SH>U
UV_SQ�a`H>TdPKQ�izUVT f ]¡U f TdQ
i(]3Z f a`x&�vQ�MwQ3ala�TdQ
iVZKalkKQ^x�NOJ×UV_;Q�ÚSTdizU
ûI848�{(Ù�ZK[@UV_;Q�izRvQ
]�UVT9H�iVZÊUV_;Q�izNlPKJ�H>a`i
[ÔTdZKW H>ala/Z>[~Ud_;Q�M!NlTVQ^i�NlJÍUV_;QBH>TdTdHºn×MwQ3TdQXÚSaOUVQ
TVQ^xùH¥U"ûI848&{-Ù�H>JSxùiVNOW f aOUdH>JSQ3Z f izalnÌidH>WXR;alQ
xùH>U
��r 8>�YûX{-ÙKt!}~_;Q"x;H¥U9HXMwHci!PcH>UV_;Q
TVQ^x�NlJ×ú48I8��;aOZ�]9ÿ�i!ZK[~�F8c�>��RvZKNlJYUdi
rSM!_;N`]9_×H>alalZ¥M|Q^x�Ud_;Q�HK]
] f T9H¥UdQ
]�ZcWXR f UdH>UVNlZKJBZ>[@izRvQ
]�UVT9H>abNlJ�[ÔZKTdWÊH¥UdNOZcJht

���J� KL�;M
NO"��QPR�@)� �M
S
M'���/�T(�"VUHM'WXNOM'.AYZ)@Y�M'�
í f W�alQ3n ã �
�c�Yî ç H>TdP f Q^x
UV_SH>U�Ud_;Q/[ f JS]¡UdNOZcJSi f izQ^x+UVZITVQ
R;TdQ
iVQ3JYUhUV_SQ|a`H>TdPKQ/izUVT f ]�U f TdQ
i�NOJ�H!U f TV� f aOQ
JYU
ÛSZ¥M�iz_SZ f a`x���Q-x�Q3ÚSJ;Q^xXNOJÊH>JXZc��ÝoQ
]�UVNlkKQ!WÊH>J;JSQ3T f iVNOJSP+NOJ�[ÔZcTVWÊH>UVNlZKJ�[ÔTVZcWëUd_;Q~ÛSZ¥MÉZKJ;alnKt�í f WXalQ3n
i f PKPcQ
izUVQ
x×UV_;Q^izQ�[ f J�]¡UVNlZKJ�i�]�Z f alxÌ�vQ�x�Q�ÚSJSQ
xËHKi
UV_SZciVQ"Ud_SH¥U�WÊHKÿKQ"UV_;QÊa`H>TdPKQ^ioU+]�ZcJcUdTVNl� f UdNOZcJ×UdZ[]\_^�^
`badcfehgJi=^
j�`bjk^�lnmporq&s gJlfsdtFs gfs4sdt�gJi=sdc�upe]adv=w!^]x

�



UV_SQ"U f Td� f alQ3JYU+Q3J;Q
TVPcn&NOJÌUV_;QXTdQ3PcNOZcJ×Z>[wNOJYUVQ
TVQ^ioU^t"jIizNlJ;P�UV_;N`i+x�Q�Ú�J;NmUdNOZcJhrhNOU�]3H>JË�vQXiV_;Z¥M!JêUV_SH>U
[ f JS]�UVNlZKJSi�[ÔZKTB_;ZcW�ZcPKQ
J;Q3Z f i�H>J�x ioU9H¥UdNOZcJSH>Tdnßx�NlTdQ
]¡UdNOZcJSiBH>TdQêizNlWXR;aln��SZ f TdNlQ3T�WXZ�x�Q^i�iVZùUV_SQ
iVQ
x�NlTVQ^]¡UdNOZcJSi!]3HKJ��vQqUVT9H>JSiz[ÔZKTdWXQ
x�Z f U!ZK[�Ud_;Q+R;TdZK�;alQ3W�NlJBUV_;Q�izUdHKJSx;HKTdx�WXHKJ;J;Q
T
t
�;ZcT!UV_SQ"H¥Ü�N`izn�WXWXQ�UdTVN`]�iV_;Q
HKT-alHºncQ3T^r;Ud_;Q�[ f J�]¡UVNlZKJ�i!UV_�H¥U
idH¥UdNliz[Ôn�í f WXalQ3n�g i
x�Q3ÚSJ;NOUVNlZKJ&[ÔZcT-UV_SQ

T9HKx�N`H>a�x�NlTVQ^]¡UVNlZKJCr@yhzbã{��>�|}>?~bç�r;H>TdQIiVZKa f UVNlZKJSi|UdZ�Ud_;QINlJYUVQ
PKT9H>avQ3NlPKQ3J�k¥H>a f Q
R;TdZK�;alQ3WøPKNlkKQ
J���n×ã�u|NOUz�
TdNOJ;NOUVN/�
�K�c�cç ���

��� ã���>����f>�|}>?~bç?y z ã����f>�|}>?~bç��=��5I����6�� z ã{|�>b~bç�y z ã���>�|�>b~bç]> ão�ºç
M!_;Q
TVQ � ã{��>�� � >�|}>?~bç
N`i+Ud_;Q��SZ f TdNOQ
T+UVT9H>J�io[ÔZcTVW Z>[~UV_;Q�UoM|ZK��RvZKNlJYU�kKQ3alZ�]�NOUonÌ]3ZKTdTVQ
alH>UVNlZKJËNOJà�vZ>Ud_
UV_SQqHKÙ3NlW f Ud_SH>abx�NlTdQ
]¡UdNOZcJ�HKJSxÊUdNOWXQKr;| N`iwUV_SQqHKÙ3NlW f Ud_SH>a�WXZ�x�Q
J f W��vQ3T-H>J�x�~�N`i|UV_;Q
[ÔTdQ
â f Q3J�]�nKt
Ø¬UqNli
ioUdTdHKNOPc_YUz[ÔZKTdM~H>T9x�UdZ�iV_;Z¥MèUV_�H¥U
UV_;Q^izQ�[ f JS]¡UdNOZcJSiqH>TdQ�ZcTzUd_;ZKPcZKJSHKa/ãVä¼å(í f WXaOQ
nË�^�K��î>ç¡t
}~_ f i3r
UV_SQ�NOJYUdQ3PKT9H>a�Q
NOPcQ3J�k¥H>a f Q�]3HKJ��vQ�iVZKalkKQ
x f iVNOJSPÊZKJ;aln�izUdH>UVN`ioUdNl]
H>abWXQ
Hci f TdQ
i~ZK[�Ud_;Q+ÛSZ¥M�UVZÊn�NlQ3a`xBHKJ
ZKTVUV_SZKPKZcJSH>av�SHcizN`iwUVZÊZcR�UVNlWÊH>alaOn�x;Q
id]�TdNO�vQ
UV_;QqÛSZ¥M NOJBUd_;Q+TdHcx�N`H>abx�NlTVQ^]¡UVNlZKJCt
}~_;Q
NOJ;[ÔZKTdWXH>UVNlZKJ�HK��Z f U~UV_;Qqx�n�JSHKW�N`]3iwZK[hUV_;QqWXZ>UdNOZcJSiwNOJ�UV_;Q+HKJ;J f alHKTwiV_;Q^H>TwalHºncQ3T~]3H>J�UV_;Q
J

�vQ�x�Q3UVQ
TVWXNlJ;Q
x&��n&]�ZcWXR f UVNlJ;P�UV_;QX]�Z�Q�ï�]3NOQ
JcU9i-[ÔZcT-Ud_;Q"ZcTzUd_;ZKPcZKJSHKab[ f JS]�UVNlZKJSi
r�M!_;N`]9_ÌH>TdQ�PcNOkcQ3J
��n � z ã�|}>?~bç
6 � �� �� ã���>�|}>?~bç?y zI� ã���>�|}>?~bç���54��> ã¼�cç
M!_;Q
TVQ �� ã���>�|�>b~bç�Nli@UV_;Q(�SZ f TdNlQ3T@UdTdHKJSio[ÔZcTVW Z>[vUV_;Q�ðÂñ;ò¡ó¬ô>ñSó�ô¥ñ�õdö>÷�ò)kcQ3alZ�]�NOUon+ÚSQ3a`xXNlJXUV_;Q
H>Ù3NlW f UV_SHKax�NlTVQ^]¡UdNOZcJéH>JSxàUVNlWXQKtà}~_ f i
r�UV_;Q�]�Z�Q�ï�]3NOQ
JcU9i"]
H>JßZKJ;alnÍ��Q�x�Q�UdQ3TdWXNOJ;Q^xàNO[-UV_SQ�kcQ3alZ�]3NmUonËÚSQ
alxéNli
iVNOW f amU9H>J;Q
Z f iValn�iVHKWXR;aOQ^x�Z¥kcQ3TwUV_SQ+TVQ
PKNlZKJ�ZK[)NlJYUVQ
TVQ^ioU^t
}~_;QÍx�n�JSH>WXN`]3i�Z>["UV_;QËalHKTVPcQ���iV]
H>alQ×WXZ>UdNOZcJSi�]
H>J�UV_;Q
J �vQËizU f x�NOQ^x���n TdQ
]3ZKJSizUVT f ]¡UdNOJSPàUV_SQ

�;Z f TdNOQ
T-]�Z�Q�ï�]�NlQ3JYU9i f izNlJ;PÊHXizWÊHKaOabJ f W"��Q
T-Z>[)W�Z�x�Q^i��Cð{�Âõ_�lr
��H�?��� ã{��>�|}>?~bç
6���zk�n�

� z ã{|�>b~bç�y z ã���>�|�>b~bç]> ãÓúYç

M!_;Q
TVQ���N`i�H f iVQ3T@iVR�Q^]�NOÚSQ
x�RSH>T9H>WXQ3UVQ3T^tCØ¬[���N`i@izWÊH>alaYUV_;Q
J�ZcJ;aOnqUd_;Q~NOJ;[ÔZKTdWXH>UVNlZKJ�[ÔTVZcWèUV_;QwWXZcizU
Q3JSQ3TdPKQ�UdNl]XWXZ�x�Q^i+Nli�TVQ3UdH>NlJ;Q^xbrCUd_ f i+TdQ
x f ]3NOJSP�UV_;Q�iVWÊH>alam��id]3H>alQXNOJ;[ÔZKTdWXH>UVNlZKJÍNlJÍUV_;Q�iVNOPcJSH>a�t�}~_SQ
H>WXZ f JYU/Z>[CiVWÊH>alam��iV]
H>alQ!NOJ;[ÔZKTdWXH>UVNlZKJ�NlJÊUd_;Q(TdQ
]3ZKJSizUVT f ]¡UdQ
xXkcQ3alZ�]3NmUon"ÚSQ
alx�]
H>JÊ�vQ([ f TzUd_;Q3T|TVQ^x f ]�Q^x
��n�NlJS]�a f x�NlJ;P
UV_;Q!NlJ�[ÔZcTVWÊH¥UdNOZcJ�[ÔTdZKWëZcJ;aln�HqizWÊH>ala�J f W��vQ3T�ZK[�HKÙ3NlW f Ud_SH>a�WXZ�x�Q
i
t)}~_SQ~]3Z�Q�ï�]�NlQ3JYUdi
[ÔZKT/UV_;QIZ>Ud_;Q3T?WXZ�x�Q^i/H>TdQ(iVQ�U?UdZ�Ù3Q
TVZ�NOJÊZcTdx�Q
T@UVZ�TVQ
W�Z¥kcQ~UV_;Q
Wý[ÔTVZcW�Ud_;Q(TdQ
]3ZKJSizUVT f ]¡UdQ
x�kKQ
aOZ�]3NmUonct
}~_;N`i�Ú�amUdQ3TdQ
x iVNOPcJSH>aq]3HKJ�UV_;Q
J��vQÌNlJ�kKQ
TdiVQê�;Z f TdNOQ
T�UVT9H>J�io[ÔZcTVWXQ
x�NlJ UdNOWXQÍH>JSx�Ud_;QÍH>Ù3NlW f UV_SHKa
x�NlTVQ^]¡UdNOZcJXUVZ�n�NlQ3a`x�H+alZ¥M~��ZcTdx;Q3T@WXZ�x�Q3a�[ÔZKT/UV_;QINOJSizUdHKJYUdH>JSQ3Z f i?kKQ
aOZ�]3NmUon"ÚSQ3a`xÊNlJÊUV_SQIH¥Ü�N`izn�WXWXQ�UdTVN`]
iV_;Q
HKTwa`HºnKQ
T
t

u|NOUVTdNOJ;NOUVN-ãz�
�c�K�cç(x�Q3WXZcJSioUdTdH>UVQ^x×Ud_SH¥UqUV_SQXx;nYJ�H>WXNl]
iqZ>[?Ud_;QÊa`H>TdPKQ���id]3H>alQ�izUVT f ]¡U f TdQ
iq]�Z f alxÌ�vQ
WXZ�x�Q3alQ
x+NO[;ZKJSaOnIUV_;Q/ÚST9ioU�ì~s
GàWXZ�x�Q?N`i f izQ^xÊãoð{�ÂõF�lr4�r6"�ºçbH>JSx�ZKJ;aln(Ud_;Q|]3Z�Q�ï�]�NlQ3JYUdih[ÔZKT)H>Ù3NlW f UV_SHKa
WXZ�x�Q�J f W��vQ3T9i�8�H>JSx&ú	�Í��H>TdQ+TVQ3UdH>NlJ;Q^x�NOJ&Ud_;Q�TdQ
]3ZKJSizUVT f ]¡UdQ
xBÚSQ
alxht-L@Ü;H>WXR;alQ
i!ZK[@UV_;Q�TVQ^]�ZKJ;�
izUVT f ]¡UdQ
x�NlJSizUdHKJcU9H>J;Q
Z f i/Û f ]�U f H>UVNlJ;P�kKQ3alZ�]�NOUonXÚSQ3a`x;i~]�ZcWXR f UVQ^x f iVNlJ;P�Ud_;Q
iVQ
W�Z�x�Q^i~H>TdQIiV_;Z¥M!J�NlJ
ÚSP f TVQq�ct�Ø�JX�vZ>UV_XZK[SUV_SQ
iVQ~ÚSP f TdQ
i)Ud_;Q!PKTdQ3n�id]3HKaOQ!]3ZKTdTVQ^izRvZKJSxSiCUdZ
UV_;Q!k¥H>a f Q!ZK[SUV_SQ!NOJSizUdHKJYUdH>JSQ3Z f i
Û f ]�U f H>UVNlJ;PqkKQ
aOZ�]�NOUonKt)}~_;Q~aONlPK_YU@]�ZcaOZcTdi)]�ZcTVTdQ
iVR�ZcJSx+UdZIRvZciVNOUVNlkKQwÛ f ]�U f H>UVNlJ;P
izUVTdQ
HKW�M!N`izQwkKQ
aOZ�]3NmUdNOQ^i
M!_;NlaOQqUd_;Q�x;HKTVÿ�]3ZKalZKT9iw]3ZKTdTVQ^izRvZKJ�xÊUVZÊJSQ3PcH>UVNlkKQIÛ f ]�U f H>UVNlJ;P�ioUdTVQ^H>W"M!NliVQIkcQ3alZ�]�NOUVNlQ
i
t
Ø¬U�N`i�]3aOQ^H>TÊUd_SH¥U�UV_;Q
TVQêNli�Hù�SH>J�x�Z>[+[ÓHKizUVQ
Tz��UV_�H>J���HºkKQ
TdHKPKQ�WXZ¥k�NlJ;PÍÛ f N`x NlJSizN`x�QËHù�SH>J�x�Z>[

iVaOZ¥MwQ3TV�¼Ud_SH>J;�¬HºkcQ3T9H>PKQ"WXZ¥kYNlJ;P&Û f NlxéNOJàÚSP f TdQê�YãÓHYç¡r@M!_;N`]9_àN`i"]3ZKJSiVNlizUVQ
JYU"M!NOUV_àUd_;Q�R�H¥UzUdQ3TdJàZKJSQ
MwZ f a`x�Q�Ü�RvQ
]¡UqM!NOUV_&Ud_;Q�RSHciVidH>PcQ+Z>[/HÊkcZKTVUVQ3ÜBTdNOJSP�aONlÿKQ"ioUdT f ]�U f TdQKtqsIJ&UV_;Q"Z>Ud_;Q3TI_SH>JSxhr�iValNOPc_cUdaOn
H¥[ÂUdQ3T(UV_;Q�R�HKidiVHKPKQ+Z>[�Ud_;QT� TVNlJ;PSgSUV_;Q
TVQ"H>TdQ+J;Q3NlPK_��vZ f TdNOJSPÊTVQ
PKNlZKJSi!ZK[�[ÓHKizUIH>JSx&iValZ¥M WXZ¥k�NOJSPÊÛ f N`x
ã��|ÚSP f TVQ+�YãÔ��çVç¡r�i f PKPcQ
izUVNlJ;PqUV_SH>U|TdQ3PcNOZcJSi�Z>[b[ÓHcioU?Û�Z¥MßWXZ¥k�NOJSP�Z f U|Z>[�UV_;Q
]�ZcTVQ!J;Q
NOPc_���Z f T/TdQ3PcNOZcJSi
Z>[?iVaOZ¥MÈWXZ¥k�NOJ;PXÛ f Nlx��vQ3NlJ;P�Q
JYUVT9H>NlJ;Q
xBNlJcUdZÊUV_SQ�]�ZcTVQctw}~_;N`i-N`i(]3ZKJSiVN`ioUdQ3JYU-M!NmUd_�UV_;Q"RSH¥UVUVQ
TVJ�ZKJSQ
MwZ f a`x&Q�Ü�RvQ
]�UINlJêH��;T9H>N`x&TdQ3PcNOZcJBZK[|]�Z f JYUVQ
Tz�¬TVZKUdH>UVNlJ;PÊioUdTVQ^H>W�M!N`iVQ�kKZcTzUdNl]3Q
i
t(}~_ f i3r�UV_SQ"kcQ3alZ�]3NmUon

ú



�)NOP f TdQÊ�4 ?ì@H>TVUVN`H>abTdQ
]3ZKJSizUVT f ]�UVNlZKJSiwZ>[)UV_SQ�HK]�U f HKabkKQ3alZ�]�NOUon�ÚSQ
alx f iVNlJ;PXUV_;QqÚ�TdizU(ìws
G WXZ�x�Q�HKJSx
H>Ù
NOW f UV_�H>a)W�Z�x�Q^i�8;>Vú;>z�;>b<�>vH>JSx×�St�ã¼Hcç(TVNlJ;PK��alNOÿcQ�izUVT f ]¡U f TVQBãÔ��ç(NlJcUdQ3TV��TdNlJ;P�TdQ3PKNlZKJ�Ud_SH¥U+H>RSR�Q^H>T9i
UVZÊ]3ZKJYUdHKNOJ�HÊizQ
TVNlQ
iwZK[�]3Z f JYUVQ
Tz�¬TdZ>UdH>UVNlJ;P"izUVTdQ
HKW�M!N`izQ
kKZcTzUdNl]3Q
i
t

ÚSQ
alxÍTdQ
]3ZKJSizUVT f ]¡UdQ
xÌM!NmUd_ÍZKJ;alnÌHB[ÔQ
MýWXZ�x�Q^i+ZKJËUV_SQT�	�¡�&RSalHKJ;Q�iz_SZ¥M�Q3k�N`x�Q3J�]�QÊZ>[~�vZ>UV_ùTdNlJ;P
kKZcTzUdNl]3Q
i~H>J�xBizUVTdQ
HKW�M!N`izQ
kKZcTzUdNl]3Q
iwNlJ�Ud_;Q+NlJcUdQ3TV��TdNlJ;P"TdQ3PcNOZcJSi
t

���J¢ $	Y��#"������£)�M!U; ��/.4)@Y�U�¤B.4)@Y�W,�*)@Y�M£�
Þ-aOUV_SZ f Pc_ÊUV_;Q^izQITVQ^i f amU9i|iV_;Q
x�NOJSiVNlPK_YU|NlJYUVZ+Ud_;Q
x;nYJ�H>WXNl]
i?ZK[bUV_;QqioUdT f ]¡U f TVQ^i?NlJ�UV_SQIH¥Ü�N`izn�WXWXQ�UdTVN`]
iV_;Q
HKT�alHºncQ3T^r�NOU"N`i"J;Z>U�UdTVNlk�NlHKa?UdZÌiVNOW f amU9H>J;Q
Z f iValnêWXQ
Hci f TdQÊUd_;Q�kcQ3alZ�]3NmUonÌÚSQ
alxàH>U��
úcû�R�ZcNOJYU9i�NlJ
UV_SQqÚSQ3a`xbt/}~_ f i
r;HKi-j(ÿKQ
NOalQ3nÌõ3ó!ô���� ã �^�K�cú ç i f PcPKQ^ioUdQ
xbr�NOU-M|Z f a`x��vQ f iVQ�[ f aCNm[@HXizNlWXNOa`H>T!R;N`]¡U f TdQ+Z>[
UV_SNli/ÛSZ¥MèãÓH>J�xXZ>UV_SQ3T9idç@]3Z f a`xX�vQIx�Q^x f ]�Q^xX��n�HKR;R;alnYNlJ;P+Ud_;Q(ì~s
G UVZ"H>JÊNlJSioU9H>JYUdHKJ;Q3Z f i�ÚSQ
alxÊUV_SH>U
M~HKi|W�Q^HKi f TdQ
x�H>U~H"izWÊH>alalQ3TwJ f W��vQ3T~Z>[hRvZKNlJYUdi~H>JSx�Q
izUVNlWÊH¥UVQ^x�H>U|Ud_;QIZKUV_;Q
T|RvZKNlJYUdiwJ;Q^]�Q
ididH>Tdn�UdZ
TdQ
iVZKalkKQ�Ud_;QXìws
Gø]�Z�Q�ï�]3NOQ
JcU9i3t"j-ÿKQ
NOalQ3néõ3óIôk����i f PcPKQ^ioUdQ
x f iVNlJ;PBíCNOJSQ
H>T � UdZ�]9_SHKizUVN`]"L|ioUdNOWÊH>UVNlZKJ
UVZ"Q�Ü�UVT9H>RvZKa`H¥UdQ-NlJ�[ÔZKTdWÊH¥UVNlZKJ�[ÔTVZcW Ud_;Q(WXQ^HKi f TVQ^xÊRvZKNlJcU9i|HKJSxXÚSalavZ f UwUV_;Q(ÚSQ3a`x�i f ï�]�NlQ3JYUdaOn�UVZ f iVQ
UV_SQ�ìws
G"t
¥�¦¨§V¦{© ªV«{¬*­�®{¯±°²«{³¡¯µ´r¶_·_«{³¡¸�·_«J¹º¬
�;ZcT
UV_;Q�] f TVTdQ3JYU+H>R;RSaON`]3H>UVNlZKJhrbNOU+Nli f iVQ�[ f a�UVZ�Q
izUVNlWÊH¥UVQ�Ud_;QÊ�;Z f TVNlQ3T+]�Z�Q3ïÊ]3NOQ
JYUdiqZ>[|UV_;QXkcQ3alZ�]3NmUon
ÚSQ
alxbr-i f ]9_ Hci �� ã{� z >�|�>�»zç¡r f iVNlJ;Pà�;Z f TVNlQ3T�]�Z�Q�ï�]�NlQ3JYU9i�WXQ
Hci f TdQ
x�H>U�ZKJ;Q&ZcT�UoMwZùZ>Ud_;Q3T�T9HKx;NlHKaRvZciVNmUdNOZcJSi3t"�;ZKT
Q�Ü;HKW�RSaOQcrbNm[|UV_;QX�;Z f TVNlQ3T+]3ZYQ3ï�]�NlQ3JYUdiqH>TdQ�WXQ^HKi f TVQ^x×H¥U
UoMwZ�T9HKx�N`H>a)RvZciVNmUdNOZcJSi3r&� �
H>J�xE� � � r;NmU![ÔZcaOalZ¥M-i|UV_SH>U~UV_;Q�]3ZYQ3ï�]�NlQ3JYUdi!H>UwUd_;Q+Z>Ud_;Q3T~T9HKx�N`H>abRvZciVNOUVNlZKJSi~]3HKJ��vQ�H>RSR;TVZºÜ�NlWÊH¥UVQ^x�Hci

��&� ã�� z >�|}>�»zç
6Q¼�ã{� z >�|�ç �� ã�� � >�|�>�»zç�½¿¾�ã�� z >�|&ç �� ã�� � � >�|�>�»zç]> ãÔ��ç
M!_;Q
TVQ �� ã�� � >�|�>�»zç�H>J�x �� ã{� � � >�|�>�»zç�H>TdQ&Ud_;QÌWXQ^HKi f TVQ^x �;Z f TVNlQ3T�]�Z�Q3ïÊ]3NOQ
JYUdi�H>U�� � H>J�x�� � � týØ�JUV_SNli�]
HKiVQKrbUd_;QÊWXQ
HKJÍidâ f H>TdQ�Q3TdTVZcTdiINOJËUd_;QÊQ
izUVNlWÊH¥UVQ^xÍ]�Z�Q�ï�]�NlQ3JYU9i3r*ÀCÁYã �� � �� � ç3ã �� � �� � ç���Âcr)H>TdQWXNOJSNOWXNlÙ3Q
xBNO[

¼�ã�� z >�|&ç
6ÄÃ ã{� z >�� � >�|�ç Ã ã�� � � >�� � � >�|�ç/� Ã ã�� z >�� � � >�|&ç Ã ã�� � � >�� � >�|&çÃ ã�� � � >�� � � >�|�ç Ã ã�� � >�� � >�|&ç��ÆÅ Ã ã�� � � >�� � >�|&ç�Å 1 ãJ<cç
H>J�x ¾�ã�� z >�|&ç
6ÄÃ ã{� z >�� � � >�|�ç Ã ã{� � >�� � >�|&ç�� Ã ã{� z >�� � >�|�ç Ã ã{� � >�� � � >�|�çÃ ã�� � � >�� � � >�|&ç Ã ã�� � >�� � >�|&ç���Å Ã ã�� � � >�� � >�|&ç�Å 1 > ãÓ�Yç

�



M!_;Q
TVQ Ã ã�� z >�� � >�|&çO6 �� ã�� z >�|}>�»zç �� � ã�� � >�|}>�»zç�t�}~_;Q�í � L ]�Z�Q�ï�]�NlQ3JYU9i3r*¼�ã�� z >�|�çqHKJSx-¾�ã�� z >�|&ç¡rH>TdQ!NlJSx�Q3RvQ3J�x�Q3JYU~Z>[�UVNlWXQ(�vQ
]3H f iVQ!UV_;Q(ÛSZ¥M�Nli|ioU9H¥UdNOZcJSH>Tdn"iVZqUV_SH>U/Ud_;QIidH>WXQ(]3ZYQ3ï�]�NlQ3JYUdi|H>TdQ f izQ^x
[ÔZKT!�vZ>Ud_BUV_;Q+TdNOJSPXHKJSx�NOJYUVQ
Tz�¬TdNOJ;PXTdQ3PcNOZcJSiwZ>[CUd_;QqÛSZ¥M+t
Ø¬U�N`i�H>a`izZ×]3aOQ^H>TqUd_SH¥U+Ud_;Q�H>WXR;alNOU f x�Q�Z>[wUV_;Q�í � L ]�Z�Q3ïÊ]3NOQ
JYUdiqN`i�Q
idiVQ3JYUVN`H>alaOnÌx�Q�UdQ3TdW�NlJ;Q^xÌ��n

UV_SQ�]�ZKTdTdQ3a`H¥UVNlZKJêZ>[wUV_;Q�iVNOPcJSH>a`i
��Q3UoM|Q
Q3JÌUV_;QÊQ^ioUdNOWÊH>UVQ
xËRvZKNlJYU+HKJSxÌUV_;QXWXQ
Hci f TVQ^xêRvZKNlJYUdi
t�sIJSQ
x�NOï�] f aOUonßZK[ f izNlJ;PùUd_;QêiVNOJSPKalQ�UVNlW�QËH>R;RSTVZYHK]9_ÉNliXUd_SH¥UBNmUB]�ZKW"�;NlJ;Q
i�]3ZKJYUVTdNl� f UVNlZKJ�iX[ÔTVZcW �vZ>Ud_
a`H>TdPKQ���id]3H>alQqWXZ>UVNlZKJ�i!UV_�H¥U
HKTVQ�aONlÿKQ
aOn�]�ZcTVTdQ3a`H¥UdQ
x�HK]3TVZYiVi~Ud_;Q�a`HºnKQ
T(H>J�x&izWÊH>alaO�¬id]3HKaOQ�WXZKUVNlZKJSi-UV_SH>U
H>TdQqQ
idizQ
JYUVN`H>alaOn f J�]�ZKTdTdQ3a`H¥UVQ^x�iVNOJ�]�Q

Ã ã�� z >����J>�|&ç'6
�
� ã�� z >����f>�|}>?~bç�52~�: ã�îKç

}~_ f i
r�UV_;Q+í � Lß]3ZYQ3ï�]�NlQ3JYUwWÊHºn f J�x�Q3TdR;TdQ
x�N`]¡U~UV_SQ
a`H>TdPKQ3�¬id]3HKaOQ(W�ZKUVNlZKJSiw�vQ
]
H f iVQ(Ud_;Q3NlT-]�ZcJYUVTdNO� f �
UVNlZKJ�_SHci~��Q
Q3J��;N`HKiVQ
xBx�Z¥M!JB�Yn�UV_;Q�]3ZKJYUVTdNO� f UVNlZKJBZ>[)UV_;Q f JS]�ZcTVTdQ3a`H¥UdQ
x�iVWÊH>alam��id]3H>alQ
W�ZKUVNlZKJSi
t
¥�¦¨§V¦�¥ ÇVÈ�¯0É&Ê*¯A¬nË4ÌÎÍÏ¹�Ðn¯±´r¶�·F«{³¿¸@·_«{¹�¬
}~_;Q-RSTVZc�;aOQ
W ]
H>JX��Q(TVQ^x f ]�Q^xX��n�NlJS]�ZcTVRvZKT9H¥UdNOJ;PqNlJ�[ÔZKTdWÊH¥UdNOZcJ"[ÔTdZKWýx�NOávQ
TVQ
JcU/UVNlW�Q^i@Ud_ f i/iV_;Nm[ÂUdNOJSP
UV_SQ"MwQ3NlPK_YUVNlJ;P�UVZ¥M~H>T9x;i~UV_SQ"a`H>TdPKQ3�¬id]3HKaOQ+WXZ>UdNOZcJSi(UV_SH>UqHKTVQ�]�ZKTdTdQ3a`H¥UVQ^x�Z¥kKQ
T(alZKJ;PcQ3T-UdNOWXQ^i3t+}~_;N`i3r
_;Z¥MwQ3kcQ3T^r|_SHci�HËUVQ
JSx�Q
JS]�nßUVZàNlJS]3TVQ^HKiVQ�UV_;Qê]3ZKWXR;alQ�Ü�NOUonéZ>[qUd_;Q×Q�Ü�R;TdQ
idiVNOZcJé[ÔZcT�UV_SQ×Q
izUVNlWÊH¥UVQ^x
kKQ
aOZ�]3NmUon�HKJSx�UV_ f i@UV_;Q-Q^â f H¥UdNOZcJ�iVQ�U@[ÔZcT@UV_;QIí � Lù]3ZYQ3ï�]�NlQ3JYUdi
t@sIJSQ~UVQ
]9_SJ;Nlâ f Q~UdZ+TVQ3UdHKNOJ�UV_SQ!UVNlWXQ
NlJ�[ÔZKTdWÊH¥UVNlZKJ�Q�ï�]�NlQ3JYUValn�N`i|UVZX�;Z f TVNlQ3T|UVT9H>JSiz[ÔZKTdWýUV_;QIUVNlWXQ+izNlPKJSHKaliwH>J�x f iVQ
í � LéUVZXH>R;R;TdZºÜ�NOWÊH>UVQ
UV_SQ+NOJSx;NOk�N`x f H>a��;Z f TVNlQ3T!]�Z�Q3ïÊ]3NOQ
JYUdi_�hð{�Âõ_�lr

� �� � ã�� z >�|}>?~bç/6�ÑXã�� z >�|}>?~bç � �� ã�� � >�|}>?~bç�½¡Ò×ã{� z >�|�>b~bç � �� ã{� � � >�|�>b~bç]> ãÓûYç
M!_;Q
TVQ � �� ã{� � >�|}>?~bçIH>JSx � �� ã{� � � >�|�>b~bçIHKTVQ"UV_SQÊW�Q^HKi f TdQ
xê�SZ f TdNlQ3T+]�Z�Q�ï�]3NOQ
JcU9i+H¥UqUoMwZBT9HKx;NlHKa)RvZciVNO�UVNlZKJ�i3r�� � HKJSxµ� � � t?}~_;QqWXQ
HKJ&iVâ f HKTVQ
Q3TdTVZcT~NOJBUV_SQ
iVQq]3Z�Q�ï�]�NlQ3JYUdi!HKTVQqWXNlJ;NOWXNlÙ3Q^x�NO[

ÑXã�� z >�|}>?~bç
6 � ã�� z >�� � >�|}>?~bç � ã{� � � >�� � � >�|}>?~bç*� � ã�� z >�� � � >�|}>?~bç � ã�� � � >�� � >�|�>b~bç� ã�� � � >�� � � >�|}>?~bç � ã�� � >�� � >�|}>?~bç*��Å � ã{� � � >�� � >�|}>?~bç_Å 1 ãÓ�Yç
H>J�x

Ò×ã�� z >�|}>?~bç/6 � ã�� z >�� � � >�|}>?~bç � ã{� � >�� � >�|�>b~bç*� � ã{� z >�� � >�|�>b~bç � ã{� � >�� � � >�|}>?~bç� ã{� � � >�� � � >�|}>?~bç � ã�� � >�� � >�|}>?~bç*��Å � ã{� � � >�� � >�|�>b~bç�Å 1 : ãz�_8Yç
M!_;Q
TVQ � ã{� z >�� � >�|�>b~bçh6 � �� ã�� z >�|}>?~bç � �� � ã�� � >�|}>?~bç¡t(}~_;Q
iVQ�]3ZYQ3ï�]�NlQ3JYUdi
H>TdQ�x�Q�UdQ3TdWXNOJ;Q^x&NlJSx�NlkYN`x f �H>alaln&[ÔZKTqQ
Hc]9_ê[ÔTdQ
â f Q
JS]�nÌH>JSxËiz_SZ f a`xê�vQXWXZKTdQX]
H>RSHK�;alQ"ZK[wHK]
] f T9H¥UdQ3aln&Q�Ü�UVT9H>RvZKa`H¥UdNOJSP�Ud_;QÊNOJ;[ÔZKTV�
WÊH¥UdNOZcJ�[ÔTdZKW UV_;Q+a`H>TdPKQqiV]
H>alQqW�ZKUVNlZKJSi
t

����Ó Ô�M'WÖÕ�Y���Y���SÖ)@ #"9$C��¤×�/��ØÙK¿P¿(
Ø�J+Ud_;Q|H>Ü�N`iVnYWXWXQ�UdTVN`]@iV_;Q
HKTCa`HºnKQ3T^r�Ud_;Q|í � L�UdQ
]9_;J;N`â f Q|]3Z f a`xq�vQ f iVQ@UVZINOJYUdQ3TdR�ZcalH>UVQ?ZcThQ�Ü�UVT9H>RvZKa`H¥UdQ
NlJ�[ÔZKTdWÊH¥UVNlZKJ�NOJ�UoM|ZÉx�Nmá�Q3TdQ3JYU&izR�H¥UVN`H>aqx�NlTVQ^]¡UdNOZcJSi3r��ùZKTµ�;t � NlJS]�QÌUV_SQËiVNOPcJSH>a`iBH>TdQÌ]�ZcTVTdQ3a`H¥UdQ
x
Z¥kKQ
T�HùPcTVQ^H¥UVQ
T�x�N`ioU9H>JS]3Q×NlJ UV_;QÌTdHcx�N`H>aIx;NOTdQ
]�UVNlZKJ�UV_�H>J Ud_;QÌHKÙ3NlW f Ud_SH>a
x�NOTdQ
]�UVNlZKJëãÓTVQ
alH>UVNlkKQ&UdZ
UV_SQ×]9_SH>T9HK]�UVQ3TdN`ioUdNl]BalQ3J;PKUV_ iV]
H>alQ
iXNlJÉUV_;ZYizQ×x�NlTdQ
]¡UdNOZcJSi9ç�NmUÊ[ÔZcaOalZ¥M-i�UV_SH>UÊUV_;QÌí � L iV_;Z f alxÉMwZKTdÿ
WXZKTdQqQ�á�Q
]¡UdNOkcQ3aln�NlJ�Ud_;Q+T9HKx�N`H>ahx�NlTdQ
]¡UdNOZcJ�Ud_SH>J�NlJBUV_;Q�HKÙ3NlW f Ud_SH>ahx�NlTdQ
]¡UdNOZcJht?�;ZcT~UV_;N`i!TdQ
HcizZcJ�UV_SQ
H>RSR;aON`]3H>UVNlZKJXZ>[vUV_SQ(í � LùUVZqUV_SNli|x�NOTdQ
]�UVNlZKJXN`i?]�ZcJSizN`x�Q
TVQ^x�Ú�TdizU
t�}~_;Q(HKR;R;alNl]
H¥UVNlZKJXZK[�Ud_;Nli?UVQ^]9_;J;N`â f Q
UVZ�Ud_;Q�H>Ù
NOW f UV_SHKaCx�NlTVQ^]¡UdNOZcJ�M!NlaOaC��Q+TdQ3RvZKTVUVQ^x�Q3a`iVQ3M!_;Q
TVQct
Ø�J�HKaOaIUV_;QË]3HcizQ^i�]3ZKJSiVNlx;Q3TdQ
x�_;Q
TVQÌNmUBNliBHKidi f W�Q^x�UV_�H¥U�Ud_;QÍ�;Z f TVNlQ3TB]�Z�Q�ï�]�NlQ3JYU9i �� ã���>�|�>�»zçZKT � �� ã���>�|�>b~bçXH>TdQBÿ�J;Z¥M!J�H¥U�ZcJ;Q&ZKT�UoMwZùTdHcx�N`H>a~R�ZYizNOUVNlZKJ�iÊNOJÉUd_;Q×H>J;J f a`H>T�iV_;Q^H>TXalHºncQ3T^t }~_;Nli<



NlJ�[ÔZKTdWÊH¥UVNlZKJËN`i
UV_;Q
J f izQ^x×UdZBQ^ioUdNOWÊH>UVQXUV_SQX�SZ f TdNlQ3T�]�Z�Q3ïÊ]3NOQ
JYUdi+H¥UqUd_;QÊZ>Ud_;Q3TqT9HKx�N`H>a�RvZciVNmUdNOZcJSi3t
ì?_�n�iVNl]
H>alaOncr�UV_;N`i�]�ZcTVTdQ
iVRvZKJSx;i(UVZ&x�ZcNOJSP�Ud_;QXQ�Ü�RvQ3TdNOWXQ3JYU�]
H>TdTVNlQ
x&Z f U���nËu|NOUVTdNOJ;NOUVN-ãz�
�c�K�cç f iVNOJSP
ZKJSaOn�ZcJ;QqZKT~UoMwZXTVNlJ;Pci~ZK[�_;ZKUz�¬M!NOTdQ
i~NlJSizUVQ^HKx�Z>[)UV_;Q�iVNmÜ f izQ^x�NlJBUV_SH>U-Q�Ü�RvQ3TdNOWXQ3JYU^t
}~_;Q�TdQ
i f aOUVNlJ;P�Q^ioUdNOWÊH¥UdQ
x�kcQ3alZ�]3NmUon�ÚSQ
alx;iI]3HKJ&UV_;Q
J×�vQ�R;TdZ>ÝoQ
]�UVQ^x�ZKJYUVZÊUd_;Q�ZcTzUd_;ZKPcZKJSHKab�SHKiVN`i

x�Q^x f ]�Q^xB�Yn�u|NmUdTVNlJ;NOUVN/ãz�
�K�c�cç|NlJ�ZcTdx�Q
T~UVZÊx�Q3UVQ3TdWXNOJSQ+Q
izUVNlWXH>UVQ^i~Z>[)UV_;Q�ì~s
G ]�Z�Q�ï�]�NlQ3JYU9i��bð{�ÂõF�lr� z � ã{|�>b~bç
6
� �
� � ���� ã{��>�|}>?~bç�y z0� ã{��>�|}>?~bçZ��5I��> ãz�K�ºç

M!_;Q
TVQ � ��H� ã{��>�|}>?~bç(Nli(UV_SQXx;Z f �;alQ"�SZ f TdNlQ3TIUVT9H>JSiz[ÔZKTdW Z>[?Ud_;Q"kcQ3alZ�]�NOUon�Ú�Q3a`xbt�ãÓ{(Q3TdQKrbZ>[w]�Z f TdiVQKr�NOU
N`iIJSQ
]�Q^iVidH>Tdn�UVZ�izZcaOkcQ"H�x;Nlid]�TdQ�UdQ"kcQ3T9izNlZKJ&ZK[?UV_;N`i
Q
â f H>UVNlZKJ��/ä¼å
u|NOUVTdNOJSNmUdN!�
�K�c�;t¨ç×}~_;N`i
Q
izUVNlWÊH¥UVQ^x
�;Z f TdNOQ
Tq]3Z�Q�ï�]�NlQ3JYU+Nli+]3ZKWXR f UdQ
xËx�NlTVQ^]¡UValn×NlJêUd_;QÊizQ^]�ZcJSx×WXQ�Ud_;Z�xËZ f UdaONlJ;Q
xËH>�vZ¥kKQct�Ø�JÌUV_;Q�ÚST9izU
]3HcizQcr�M!_SQ3TdQ�UV_SQ"�;Z f TdNOQ
TI]�Z�Q3ïÊ]3NOQ
JYU ��&� ã�� z >�|}>�»zç-NliIQ
izUVNlWÊH¥UVQ^x×H¥U
Q
Hc]9_&UVNlWXQKr�NmUqN`i(J;Q^]�Q^iVidH>Tdn�UdZ�;Z f TdNOQ
TCUdTdHKJSio[ÔZcTVW UV_SQ|TdQ
i f aOUVNlJ;P
�SZ f TdNlQ3T�]3Z�Q�ï�]�NlQ3JYU�NOJ�UVNlW�Qct)}~_SQ
iVQ/Q
izUVNlWÊH¥UdQ
x�ì~s
Gß]3Z�Q�ï�]�NlQ3JYUdi
]3HKJ�Ud_;Q3JB��Q f iVQ
x�UVZ�RSH>TVUVN`H>alalnÊTVQ^]�ZKJ�ioUdT f ]�U/Ud_;Q+�;Z f TVNlQ3T~]�Z�Q�ï�]3NOQ
JcU9iqãÔQ
âvt;úYç¡r�M!_;N`]9_B]
H>J�Ud_;Q3JB�vQ
NlJYkcQ3T9izQX�;Z f TdNOQ
TIUdTdHKJSiz[ÔZKTdW�Q^x�UVZ&]3ZKJSizUVT f ]¡U�H�aOZ¥M~��x�NlWXQ3JSiVNOZcJSH>a�WXZ�x�Q3a�[ÔZcT
UV_;QÊkcQ3alZ�]3NmUon�Ú�Q3a`xÌH>U
H>ala�UV_SQ�izRSH>UVN`H>abRvZKNlJYUdi!NlJBUV_;QqÚSQ
alxht
Ø¬U+NliqNlJYUVQ
TVQ^ioUdNOJ;PBUdZBJSZ>UVQ�Ud_SH¥U+NlJÌUd_;N`iqR;TVZ�]3Q
idiINOU�N`i+HK]¡U f H>alaln×WXZKTdQ�x�Q^izNlT9H>�;alQ�UdZ&HK]3] f T9H¥UVQ
aOn

Q
izUVNlWÊH¥UdQqUV_;Q�ì~s
G ]�Z�Q�ï�]�NlQ3JYU9i+ãÔRSHKTzUdNl] f alHKTValnÊUd_;QqÚST9ioU!ZKJSQ^ç|UV_�H>J�NmU-N`iwUVZ�Z�Hc]3] f TdH>UVQ3alnÊQ
izUVNlWÊH¥UdQ
UV_SQ"�;Z f TdNOQ
T
]3ZYQ3ï�]�NlQ3JYU-[ÔZKTIUV_SQ�ÚSQ
alxhtI}~_ f i
rvNOUIWXNlPK_YUI�vQ�W�ZcTVQ�aOZcPKN`]3H>aCUVZBH>TdP f QqUd_SH¥U
UV_;Q�]�Z�Q�[Â�
Ú�]3NOQ
JcU9iI[ÔZKTIUV_;QXí � LÈiV_;Z f a`x×�vQX]9_;ZciVQ3J&UdZ�WXNlJ;NlW�NlÙ3Q"UV_SQ"WXQ
HKJÌidâ f H>TdQ�Q
TVTdZKTINOJêUV_;Q�Q
izUVNlWÊH¥UVQ^x
ìws
G ]3ZYQ3ï�]�NlQ3JYU_�
ð{�Âõ_�lr!ÀCÁ�ã � zµ� � z � ç3ã � z±� � z � ç���ÂBM!_;Q
TVQÛÚêx�Q3J;ZKUVQ^i�HË]�ZcWXR;aOQ3Üà]�ZKJ>Ý f PcH>UVQKtéØ¬U]3HKJÌ�vQÊiz_SZ¥M!J×UV_�H¥UqUV_;N`iqQ3TdTdZKT
Nli
rhNlJÌ[ÓHc]¡U^rhWXNOJ;NlWXNOÙ
Q
xÌM!_;Q3JËUd_;Q�[ÔTVQ^â f Q3JS]3n×�;Z f TVNlQ3T+]�Z�Q3ïÊ]3NOQ
JYU
� �� ã�� z >�|�>b~bç~H>TdQIQ^ioUdNOWÊH>UVQ
x f iVNlJ;P�UV_;Q�í � LèãÔQ
âvt?û>�d�F8cç¡tÜ Ý '(2)1&%¡�)2
Ø�J;NOUVN`H>alaOn�UV_;Qqi f NmU9H>�;NlaONOUon�ZK[�x�NOávQ
TVQ
JcU-]3ZKJ�ÚSP f T9H¥UVNlZKJ�i/M~HKi|Q�Ü;H>WXNlJ;Q
x���n�]�ZKJ�izN`x�Q3TdNlJ;P�Ud_;Q
J;ZKTdWÊH>aO�
NlÙ3Q
xBWXQ
HKJSi!idâ f H>TdQIQ
TVTdZKT~NlJ�Ud_;Q+Q
izUVNlWÊH¥UdQ
xB]�Z�Q�ï�]�NlQ3JYU9i��bð{�ÂõF�lr

ÅOã ��&� ã�� z >�|}>�»zç*� �� ã�� z >�|}>�»zçzç_Å 1Ã ã{� z >�� z >�|�ç ZcT Åmã � ���� ã{� z >�|�>b~bç*� ��� ã�� z >�|}>?~bçVç�Å 1� ã�� z >�� z >�|�>b~bç :
Ø¬UÊMwHci"[ÔZ f JSxéUV_�H¥UÊJ;ZÍizNlJ;PKalQ�TdHcx�N`H>awR�ZYizNOUVNlZKJSiÊ]3Z f a`xà�vQ f iVQ
xéUVZùHK]
] f T9H¥UdQ3alnËQ3Ü�UVT9H>RvZKa`H¥UVQ�UV_SQ
�;Z f TdNOQ
T-]�Z�Q�ï�]�NlQ3JYU9i~[ÔZKT!�vZ>Ud_×H>Ù3NlW f UV_SHKabW�Z�x�Q²8ÊHKJSxBWXZ�x;Q
i-úÞ�Í�;twsIJBUd_;Q+Z>Ud_;Q3T-_�H>JSxBNOU-MwHci
[ÔZ f JSx&Ud_SH¥U+H>alaCUd_;Q�W�Z�x�Q^iI]3Z f a`x&�vQ"TdQ
HcizZcJSH>�SaOQ�MwQ3ala�H>R;R;TdZºÜ�NOWÊH>UVQ
x�NO[?Ud_;Q��SZ f TdNlQ3TI]3Z�Q�ï�]�NlQ3JYUdi
[ÔTdZKW UoM|Z×T9HKx;NON?ZcJùZKR;RvZciVNOUVQ�iVNlx;Q
i�ZK[!UV_;QBiz_SQ
H>T�alHºncQ3T+MwQ3TdQ f iVQ
xËUVZêQ
izUVNlWXH>UVQ�UV_;Q�]3Z�Q�ï�]�NlQ3JYUdi
H¥U�UV_;Q�Z>UV_SQ3T�T9HKx�NlN�t�}~_SQ�aOZ¥MwQ
izU�Q3TdTdZKT�iVQ3Q
W�Q^xËUVZ×Z�]
] f T�M!_SQ3JÍUV_SQ�UoMwZ&TdHcx�NlHKa?RvZciVNmUdNOZcJSi�MwQ3TdQ
]9_;ZYizQ
J�J;Q
HKTw]3Q3JYUVQ
T|ZK[hUV_SQ
iV_;Q
HKT|a`HºnKQ
T
r�H¥Uh�43�5ß6Q8@: �S�IH>JSxE�k3k5à6Q8@: �YîÊã¼H>JSHKaOZcPKZ f i�UVZ"UV_SQITdQ
i f aOU
Z f UValNOJ;Q^xÊ��n�æwZcJ;J;Q�Uqõ�ó/ôk���¨ç¡t?}~_;Q^izQ(UoM|Z+RvZKNlJYUdi
ãÂUd_;Q-Ud_;NOT9x�HKJSx�Ú;[ÂUV_�TdHcx�N`H>a;RvZciVNmUdNOZcJSi9ç@MwQ3TdQ f izQ^x
[ÔZKT-HKaOa�Ud_;Q+TdQ
i f amU9i~R;TdQ
iVQ3JYUVQ^x�_;Q
TVQct

}~_;Q~J;ZcTVWÊH>alNlÙ3Q
x"Q3TdTdZKT�NOJ�Ud_;Q!Q
izUVNlWÊH¥UVQ^xX�;Z f TVNlQ3T?]3ZYQ3ï�]�NlQ3JYUdi)[ÔZcT�UV_;Q(]
HKiVQ|M!_SQ3TdQ!NOJ�[ÔZcTVWÊH>UVNlZKJ
[ÔTdZKWëH(iVNlJ;PKalQ|RvZKNlJYU)NlJ"UVNlW�Q~H>TdQ f izQ^x�UdZIQ^ioUdNOWÊH¥UdQ �� ã��=á�>�|�>�»zçCHKTVQwiz_;Z¥M!J"NOJ�ÚSP f TVQ!��t)}~_;Q|Q
TVTdZKT�Nli8�H>U/Ud_;Q(UoMwZ�WXQ^HKi f TVQ^xÊRvZKNlJcU9i/� f UwN`iwâ f NmUdQIa`H>TdPKQ![ÔZcTwHKaOa�UV_SQIT9HKx�NlN�t��SZKTwQ�Ü;H>WXR;alQKrYQ3kcQ3J�JSQ
H>T|UV_SQ
]�Q
JYUVQ3T^rKM!_SQ3TdQ!UV_;QITVNlJ;P+WXZ�x�Q(N`i/x;ZKWXNOJ�H>JYU
rKUV_;QIJ;ZKTdWÊH>alNOÙ
Q
x�Q3TdTVZcT@NOJ�UV_;Q
]�Z�Q�ï�]�NlQ3JYU9i�[ÔZKT|W�Z�x�Q�8
N`i-H>R;RSTVZºÜ�NlWXH>UVQ
aOn��080GýM!_SNOalQ+UV_SQ+Q3TdTVZcT!NOJBUV_SQ�_;NlPK_;Q
T-H>Ù3NlW f UV_SHKahWXZ�x;Q
i!N`i-H>RSR;TVZºÜ�NlWÊH¥UVQ
aOn��480G
Q3kcQ3JàH>U�UV_;Q�Z f UdQ3T�T9HKx;NON?M!_SQ3TdQÊUV_;Q
nÌRSalHºnÍH&x�ZKWXNlJSH>JYU�TdZKalQKt&}~_;Q^izQÊalQ3kcQ3a`i�ZK[~Q
TVTdZKT^r�HKamUd_;Z f PK_
_;NlPK_hr�HKTVQ-JSZ>U|NlJS]3ZKJSiVNlizUVQ
JYU/M!NmUd_�Ud_;Q(alQ3kcQ3avZ>[hQ3TdTdZKT@Ud_SH¥U~Z�]3] f T/NlJ�Z>Ud_;Q3T~H>R;RSaON`]3H>UVNlZKJSi/Z>[bUV_SQIí � L
UVZÊiV_;Q
HKT!alHºncQ3T9iqãVõF�dâI�|æwZKJ;J;Q3U�õ�ó!ô������^�K�>��ç¡t

�



1ã 2
ä

3
å

4
æ

5
ç

6
è

αé0.0

0.2

0.4

0.6

0.8

1.0

|u
e(

r α,
m

,f)
−

u e(
r α,

m
,f)

|ê2 /φ
(r

α,
r α,

m
,f)

1ã 2
ä

3
å

4
æ

5
ç

6
è

αé0.0

0.2

0.4

0.6

0.8

1.0

|u
e(

r α,
m

,f)
−

u e(
r α,

m
,f)

|2 /φ
(r

α,
r α,

m
,f)

�)NOP f TdQ��� £�(ZKTdWÊH>alNOÙ
Q
xBWXQ
H>J×idâ f H>TdQqQ3TdTVZcT!NOJ�Ud_;Q�Q^ioUdNOWÊH¥UdQ
x&�SZ f TdNOQ
T(]�Z�Q3ïÊ]3NOQ
JYUdi-H>U-UV_;Q�R�ZcNOJYUdi�FáH3�5Û6X8;:O�=<�>�8;: �Kû@>?8@: �S�KrH8@:d<¥�º>�8;: ��îA>�H>JSx}8@: û48 f iVNOJ;P�NlJ�[ÔZKTdWÊH¥UdNOZcJê[ÔTdZKWþH�iVNOJSPKalQ�RvZKNlJYU�NOJËUdNOWXQKt
ãÓHYç~H>Ù
NOW f UV_SHKabWXZ�x;Q²8BãÓ��ç~H>Ù
NOW f UV_�H>abWXZ�x�Q
i úSr �Sr <�r;HKJSx ë"�;t
sIJÍUV_SQ�Z>Ud_;Q3T�_SH>JSxhr@Q�Ü;H>WXR;alQ
i+ZK[!UV_;Q�UV_;Q�J;ZKTdWÊH>alNOÙ
Q
xÍWXQ
HKJàiVâ f HKTVQÊQ
TVTdZKT�NlJÍUV_SQ��;Z f TdNOQ
T

]�Z�Q3ïÊ]3NOQ
JYU � ��&� ã�� z >�|}>?~bç|x�Q�UdQ3TdWXNOJ;Q^x���n�x�NlTdQ
]¡UdaOnÊQ^ioUdNOWÊH>UVNlJ;P�Ud_;Qq�;Z f TVNlQ3T!]�Z�Q3ïÊ]3NOQ
JYUdi~H>TdQIiV_;Z¥M!JNlJ�ÚSP f TdQqúSt�Ø¬U~N`i!]�alQ
HKTwUV_SH>U!UV_;QqWXQ
HKJBidâ f H>TdQIQ
TVTdZKT9i/[ÔZKT!H>Ù
NOW f UV_SHKabWXZ�x;QÞ8XHKTVQqizWÊHKaOa?ã2ì��480G�ç
[ÔZKT~H�T9H>JSPKQ-ZK[b[ÔTVQ^â f Q3JS]3NOQ^i|HKTVZ f JSx��_8I8�{-ÙI[ÔZKT~H>ala�UV_;Q
TdHcx�N`H>aSRvZciVNOUVNlZKJSi|Q�Ü;]�Q
R�U/Ud_;QI[ÔZ f TVUV_�T9HKx;NlHKa
RvZciVNmUdNOZcJhtI}~_;N`i
]�ZKTdTdQ
iVR�ZcJSx;i~UdZ�UV_SQ�RvQ
H>ÿ�NlJ&UV_SQ�WXZ�x�Qà8�izRvQ
]�UVT f W H¥U(Ud_;Q � UVTdZ f _SHKaC[ÔTdQ
â f Q
JS]�n
iVZÊUV_;Q�Q3TdTVZcT!NOJ&Ud_;Q�]3ZYQ3ï�]�NlQ3JYUdiIH>TdQ�izWÊH>alaCZ¥kcQ3T!Ud_;Q�Q
J;Q3TdPKnB]�ZKJYU9H>NlJ;NOJSPÊTdHKJ;PKQ+ZK[)Ud_;Q"iVRvQ
]¡UdT f WBt
Ø¬UIN`i-JSZ>UI]3aOQ^H>T(M!_�n�UV_;Q�í � L R�Q
Tz[ÔZcTVWÊi!WXZKTdQ�RvZ�ZKTdaOn�H¥U-Ud_;Q"]3Q3JYUVT9H>aCR�ZcNOJYUI� f U
H�iVNlW�Nla`H>T-TdQ
i f aOU
M~HKi~J;ZKUVQ
x���n�æwZKJSJ;Q�U�õ3ówô��¨� ã �
�c�>� ç t

� NlWXNOa`H>TdaOnËUd_;Q�J;ZKTdWÊH>alNOÙ
Q
xùQ
TVTdZKT"NOJéUV_;Q&H>Ù
NOW f UV_�H>awW�Z�x�QÛ<ê]�Z�Q�ï�]�NlQ3JYU9i�HKTVQBiz_SZ¥M!JàNOJßÚSPK�
f TdQ�ú�ãÔ��ç�ãÂUV_SQ�Q
TVTdZKT9i
[ÔZKT�WXZ�x;Q
i�ú@>z�ÌH>JSxà�êH>TdQ�kKQ
TVnÍizNlWXNOa`H>T¡ç¡tÌØ¬U"N`i�NlWXR�ZcTzU9H>JYU�UdZêJ;ZKUVQ�UV_SH>U
UV_SQBiVR�Q^]¡UdT f W�[ÔZcT�Ud_;Nli�WXZ�x�Q�RvQ
HKÿ�i"H>U"Ud_;Q�alZ¥M|Q^ioU"[ÔTVQ^â f Q3JS]3n ãVä¼å"u|NmUdTVNlJ;NOUVNq�
�c�K�Yç¡tÌ}~_ f i
r�UV_SQ
J;ZcTVWÊH>alNlÙ3Q
xXWXQ^H>J�idâ f H>TdQ!Q3TdTVZcT?Nli|H+WXNOJSNOW f W�H¥U?Ud_;Q(RvQ
HKÿ"NlJÊUd_;QIiVR�Q^]¡UdTdHSt�Þ(amUd_;Z f PK_XUV_SNli|Q3TdTVZcT
N`i~alHKTVPcQ3T|UV_SHKJ�Ud_;QqQ3TdTVZcTwH>UwUd_;Q+RvQ
H>ÿÊZK[�WXZ�x�QO8XizRvQ
]�UVT f W�r�NmU-N`i!izWÊHKaOalQ3TwUV_�H>J�UV_;QqQ3TdTdZKT|[ÔZKT~UV_SQ
_;NlPK_;Q
TIWXZ�x�Q^i([ÔZcT(Ud_;QXizNlJ;PKalQ�UdNOWXQÊ]3HcizQ�i f PKPKQ^ioUdNOJSPÊUV_SH>UIUd_;QXx�NOTdQ
]�U
Q^ioUdNOWÊH>UVQ�Z>[@UV_SQ"[ÔTdQ
â f Q
JS]�n
�;Z f TdNOQ
T�]�Z�Q3ïÊ]3NOQ
JYUdi�iz_SZ f a`x+R;TdZ¥k�Nlx�Q|H-WXZKTdQ|Hc]3] f TdH>UVQ?Q^ioUdNOWÊH¥UdQ|ZK[�UV_;Q~x�n�JSHKW�N`]3i�NlJ�UV_SQ|NlJYUVQ3TV�¬TVNlJ;P
TdQ3PKNlZKJCt

s([�]�Z f T9izQcr!UV_;QÍWXZcizU�NlWXR�ZcTzU9H>JYU�W�Q^HKi f TdQêZ>[+Ud_;Q
iVQÌUVQ
]9_SJ;Nlâ f Q^iBNliBJ;ZKU�Ud_;QÌWXQ^H>J�idâ f H>TdQ
Q3TdTdZKT^r�� f U�T9H¥Ud_;Q3T"_;Z¥M HK]3] f T9H¥UVQ
aOnÌUV_SQ3nÍTVQ
R;TdZ�x f ]�QÊUd_;Q�x;nYJ�H>WXNl]
i�ZK[!UV_;Q�alHKTVPcQ���iV]
H>alQÊWXZ>UVNlZKJ�i
NlJÍUV_;Q�HKJ;J f a`H>T�iV_;Q
HKT+alHºncQ3T^t�Ø�JùZKT9x�Q3TqUdZ&Q�Ü;H>WXNlJ;QXUV_SNli"â f Q
izUVNlZKJhr)H�RSH>TVUVN`H>a?TdQ
]3ZKJSizUVT f ]�UVNlZKJËZ>[
UV_SQqÚSQ3a`xBMwHci!]�ZKWXR f UVQ
x f iVNlJ;P�UV_;Q+Q^ioUdNOWÊH¥UdQ
xBkKQ
aOZ�]3NmUonXÚSQ
alxSi~[ÔTVZcW��vZ>UV_BUdQ
]9_;J;N`â f Q
i
t?�;ZcaOalZ¥M!NlJ;P
UV_SQ�HKR;R;TdZcHc]9_àZ f UdaONlJ;Q^xé��nÉu|NOUVTdNOJSNmUdN�ão�
�c�K�Yç¡r?ZcJ;aOnàUV_;QBÚST9ioU�ì~s
G�WXZ�x�Q&H>J�xéZcJ;aOnßH>Ù3NlW f UV_SHKa
WXZ�x�Q
i!8;>Vú@>V�;>b<�>�H>JSxB��M|Q
TVQ
TVQ3UdHKNOJ;Q^x�NlJ�UV_;Q+TdQ
]3ZKJSizUVT f ]¡UdNOZcJht�ÞèTVQ^H>alNOÙ^H¥UVNlZKJ�[ÔTVZcW Q
Hc]9_�ZK[CUV_SQ
iVQ
TdQ
]�ZcJSizUVT f ]¡UdNOZcJSi�HKJSxùUd_;Q�TdQ
]3ZKJSizUVT f ]�UVNlZKJù[ÔTdZKW Ud_;Q�ZcTVNlPKNlJSHKa?ÚSQ
alxÉH>TdQ�iV_;Z¥M!JéNlJàÚSP f TdQ��StàÞ(aOa
UV_STVQ
Q�TdQ
HKaONlÙ
H>UVNlZKJSi
H>TdQ"UdH>ÿcQ3Jê[ÔTVZcW UV_;Q�idH>WXQ�R�ZcNOJYU+NOJÌUVNlWXQÊx f TdNOJ;PBUd_;QXRSHKidiVHKPKQ"Z>[wH�TdNOJ;PBalNOÿcQ
izUVT f ]¡U f TVQctàØ¬UÊNliX]3aOQ^H>T�UV_SH>U"Ud_;Q�kKQ
aOZ�]�NOUonÍÚSQ
alxßQ
izUVNlWÊH¥UVQ^xù[ÔTdZKW NlJ�[ÔZKTdWÊH¥UdNOZcJßH¥U�HËizNlJ;PcaOQ�UVNlWXQ
n�NOQ
alxSiwH�TVQ^]�ZcJSioUdT f ]¡UVQ^xÊkKQ
aOZ�]3NmUon�ÚSQ
alx�UV_SH>U~N`i|W f ]9_BizWÊH>alalQ3TwNOJ�WXHKPKJ;NOU f x�Q(Ud_SH>J�UV_;QqHK]�U f HKavÚSQ3a`x
ãfìí<k8AG"ç�tÊÞ�izNlWXNOa`H>TqalQ3kcQ3a?ZK[|Q3TdTdZKTqMwHci
[ÔZ f J�x f izNlJ;P�TVQ^H>alNOÙ^H¥UdNOZcJSiI[ÔTVZcWFUV_SQÊNOJYUVQ
Tz�¬TdNOJ;PBTdQ3PKNlZKJCt
sIJ&Ud_;Q"ZKUV_;Q
T(_SHKJSxbrvUV_SQ"TdQ
]3ZKJSizUVT f ]¡UdQ
x�kcQ3alZ�]3NmUon�ÚSQ
alxÌ]�ZKWXR f UVQ
x f izNlJ;P�UV_;Q"ÚSQ3a`x&Q^ioUdNOWÊH¥UdQ
x&��n
UV_SQ([ÔTdQ
â f Q
JS]�n�WXQ�UV_SZ�x�WXZKTdQ(]�alZciVQ3aln�HKR;R;TdZºÜ�NOWÊH¥UdQ
i?UV_;QIWXHKPKJ;NOU f x�Q(ZK[bUV_;QqHK]�U f HKaSkKQ
aOZ�]3NmUon�ÚSQ
alxbt
}~_ f i
r?HKi"Q�Ü�R�Q^]¡UdQ
xbr@Ud_;QBQ
izUVNlWXH>UVNlZKJàNlJàUd_;Q�[ÔTVQ^â f Q3JS]3nÍx;ZKWÊH>NlJàWXZKTdQ�HK]
] f T9H¥UdQ3alnÌRSTVQ^x�Nl]�Udi"UV_SQ

î



0
î

50
î

100
î

150ï 200
î

250ï
Frequency (Hz)

0.0

0.2

0.4

0.6

0.8

1.0

|(
u e(

r n,
 m

, f
)−

 u
(r

n,
 m

, f
)|

2 /F
(r

n,
 r

n,
 m

,f)

0
î

50
î

100
î

150ï 200
î

250ï
Frequency (Hz)

0.0

0.2

0.4

0.6

0.8

1.0

|(
u e(

r n,
 m

, f
)−

 u
(r

n,
 m

, f
)|ð2 /F

(r
n,

 r
n,

 m
,f)

rñ 2/d=0.28
rñ 4/d=0.54
rñ 6/d=0.8

�)NOP f TdQ�ú@ ��-ZcTVWÊH>alNlÙ3Q
xBWXQ
HKJ×iVâ f HKTVQ�Q3TdTVZcT!NOJ&Ud_;Q�Q^ioUdNOWÊH¥UdQ
x×�SZ f TdNlQ3T-NlJ&UV_SQ�Q
izUVNlWÊH¥UdQ
x&�;Z f TdNOQ
T
]�Z�Q3ïÊ]3NOQ
JYUdi�H¥U�UV_;QBR�ZcNOJYU9i � � 3k5R6ò8@:l�F<�r � 1 3k5R6ò8@:¨�>û;r �_ó�3k5R6ò8@:d<¥�Sr@HKJSxë£�_ô�3�5ß6�8@: û�ãÓHYç~H>Ù3NlW f UV_SHKabW�Z�x�Q²8�ãÓ��ç~H>Ù
NOW f UV_SHKabWXZ�x;Q	<�t
H>WXR;alNOU f x�Q+ZK[�Ud_;Q�HK]�U f HKabkKQ
aOZ�]�NOUon�iVNOPcJSH>a�t
Ø�JÍZKT9x�Q3T
UdZ&Q�Ü;H>WXNlJ;QÊ_;Z¥M Hc]3] f TdH>UVQ
aOn&Ud_;QXUoMwZ�UdQ
]9_;JSNlâ f Q^i+TVQ
R;TdZ�x f ]�Q�UV_SQXUVZKRvZKalZKPcn×Z>[wUV_SQ

izUVT f ]¡U f TVQ^i-NOUIN`i-WXZKTdQ f iVQ�[ f a�UVZ�aOZ�Zcÿ�H¥UqHXUoMwZ>��x�NOWXQ
JSizNlZKJ�H>ah]�ZcJYUVZ f T(R;alZ>U(ZK[�UV_;Q"NOJSizUdHKJYUdH>JSQ3Z f i
Û f ]�U f H>UVNlJ;P&kKQ
aOZ�]3NmUon×ZcJËUV_;QT�à�¿�&R;a`H>J;QÊ]�ZcWXR f UVQ^x f iVNOJ;P��vZ>Ud_ÍUV_;QÊQ^ioUdNOWÊH¥UdQ
xÌÚSQ
alx;i�H>JSxÌUV_SQ
HK]�U f HKa�ÚSQ
alx�t@}~_;Q-Q^ioUdNOWÊH>UVQ
xÊHKJSxXHK]�U f HKa;TVQ^]�ZcJSioUdT f ]¡UVQ^x"ÚSQ3a`x;i@[ÔZcT?TdQ
H>alNlÙ
H¥UdNOZcJSi@iV_;Z¥M!NOJSPqUV_;Q-TdNlJ;P
TdQ3PKNlZKJ�H>J�x�Ud_;Q+NlJcUdQ3TV��TdNlJ;PXTVQ
PKNlZKJ�HKTVQ+iV_;Z¥M!J�NOJBÚSP f TdQO<;t/}~_;Q+PcTVQ
n�iV]
H>alQ+H>PcHKNOJ�]�ZcTVTdQ
iVRvZKJSx;i|UdZ
UV_SQÊÛ f ]�U f H>UVNlJ;P&kKQ
aOZ�]�NOUon×� f U�J;Z>UdQXUV_SH>U�_;Q3TdQXUV_SQ�TdHKJ;PKQ�Z>[wUV_SQ�PKTdQ3nêid]3HKaOQ�[ÔZcT+UV_;Q�iVNlJ;PKalQ���UVNlWXQ
Q
izUVNlWÊH¥UdNOZcJqUVQ
]9_SJ;Nlâ f Q|_SHKiC��Q
Q3J�WXZ�x�NOÚSQ
x�NOJ+ZcTdx;Q3ThUdZ![ÓHK]3NOalNOUdH¥UdQ?Ud_;Q|]3ZKWXRSH>TdN`izZcJ
ZK[�UV_;QwioUdT f ]¡U f TVQ^i
UVZcR�ZcaOZcPKnct � ZKWXQ
M!_SH¥U�i f TdR;TdNliVNOJSPKaln-UV_SQ/TdQ
]�ZcJSizUVT f ]¡UdQ
x
ÚSQ
alx;iC[ÔTdZKWÈ��ZKUV_+Ud_;Q/Q^ioUdNOWÊH¥UdQ
xqÚ�Q3a`x;ih_SHºkcQ
kKQ
TVn+iVNOWXNlalHKT)UVZKRvZKalZKPcNOQ^i3t�Ø¬U@Nli�H>a`iVZI]�alQ
HKT)UV_SH>U)Ud_;QwUVZcR�ZcaOZcPKnqZ>[�UV_;Q!izUVT f ]¡U f TVQwNlJ�UV_SQ~Hc]¡U f H>aYÚSQ
alx"Nli
MwQ3ala;TVQ
R;TdQ
iVQ3JYUVQ^x���n���ZKUV_�UV_;Q(Q
izUVNlWXH>UVQ^x�ÚSQ3a`x;i
t)}~_;Q(Q
izUVNlWXH>UVQ^x�Ú�Q3a`x;i/x�Z+JSZ>U
rc_;Z¥MwQ3kKQ
T
rc]3H>R;U f TdQ
H>alabZ>[�UV_;Q
ÚSJSQqid]3HKaOQqNlJ�[ÔZKTdWÊH¥UdNOZcJ�Z>[�UV_;Q�izUVT f ]�U f TdQ
Hci|UV_;Q+Q^ioUdNOWÊH¥UdNOZcJ�UdQ
]9_;JSNlâ f QqQ�á�Q
]�UVNlkKQ
aOn�Hc]¡U9i
HKi!H"ÚSaOUVQ
T
t

õ ��1&�$�<�+*�,
}~_;Q-Hc]3] f TdHc]�n+Z>[ f iVNOJSP
Q^ioUdNOWÊH>UVQ
x�kcQ3alZ�]3NmUon�ÚSQ3a`x;i�UdZ�ioU f x�n�Ud_;Q-x�n�JSHKW�N`]3i�ZK[�Ud_;Q!a`H>TdPKQ!ioUdT f ]¡U f TVQ^i
NlJÍUV_;QBH¥Ü�NliVn�WXW�Q3UVTdNl]ÊiV_;Q^H>T�a`HºnKQ
T+MwHci+Q�Ü;H>WXNlJ;Q
x f izNlJ;P�UV_SQ�x;H>UdH��SHcizQ�WXQ^HKi f TVQ^xË�Ynàu|NOUVTdNOJ;NOUVN
ão�^�K�c�cç¡t+Ø¬U+M~HKi([ÔZ f J�x×Ud_SH¥UqUV_SQ"UdZKRvZKalZKPcnBZK[?UV_SQ�TdNlJ;PBizUVT f ]�U f TdQ
i
H>JSxêNOJYUdQ3TV��TdNOJSP�TdQ3PKNlZKJ�iI]3Z f a`x
�vQ�MwQ3ala/TdQ3R;TdZ�x f ]�Q^xËNm[!Ud_;Q��;Z f TdNOQ
T�]�Z�Q�ï�]3NOQ
JcU9i�MwQ3TdQÊWXQ
HKi f TdQ
xÍZcJé�BTdHcx�NONwH>JSxÍQ^ioUdNOWÊH>UVQ
xÍZcJ
�BZ>UV_SQ3T9i3t�}~_;Nli
M~HKiIUVT f QXM!_;Q3UV_;Q
TIUd_;QXNOJ;[ÔZKTdWXH>UVNlZKJê[ÔTVZcWFZKJ;aln×HBizNlJ;PKalQ�UVNlWXQ�ZcT+H>ala�UdNOWXQ^iqMwHci
NlJS]�ZcTVRvZKT9H¥UdQ
x�NlJcUdZ�Ud_;Q�Q
izUVNlWXH>UVNlZKJÌR;TVZ�]3Q
idi3t
Ø¬U
M~HKi([ÔZ f JSx×_;Z¥MwQ3kcQ3T!Ud_SH¥UqUd_;Q�HKWXR;aONOU f x�Q"ZK[?UV_SQ
Û f ]�U f H>UVNlJ;PÊkKQ
aOZ�]3NmUdNOQ^i~NOJBUV_SQ�ioUdT f ]�U f TdQ
i~MwQ3TdQqJ;Z>U!MwQ3alahTdQ
]�Z¥kcQ3TdQ
xÊM!_SQ3J�ZKJ;aln�NlJ�[ÔZKTdWÊH¥UdNOZcJ�[ÔTdZKW
H�izNlJ;PKalQ-UdNOWXQqM~HKi f izQ^xbt@}~_;Q
WXHKPKJ;NOU f x�QIZK[hUV_SQIkcQ3alZ�]3NmUon�ÚSQ
alxB]�Z f a`x��vQ
Hc]3] f TdH>UVQ3alnXR;TdQ
x�N`]¡UdQ
x�NO[
UV_SQwQ^ioUdNOWÊH>UVNlZKJ�M~HKi)]3HKTVTdNlQ
x+Z f U)ZcJ�Ud_;Qw�SZ f TdNlQ3T)UVT9H>JSiz[ÔZKTdWèZ>[;Ud_;Q!izNlPKJ�H>a`iCNlJ�UdNOWXQwUV_ f i)Q�á�Q
]�UVNlkKQ
aOn
NlJS]�ZcTVRvZKT9H¥UdNOJ;PXNlJ�[ÔZKTdWÊH¥UdNOZcJ�[ÔTVZcW�H>alahUdNOWXQ^i-NlJ&UV_;Q�Q
izUVNlWXH>UVQ�ZK[�UV_;Q"kKQ3alZ�]�NOUon�ÚSQ
alxht~}~_SNli(R;TVZ�]3Q
idi
TdQ
x f ]3Q
x×UV_;QÊJ f W"��Q
T
ZK[|R;TdZK�vQ
i
J;Q^]�Q^iVidH>TdnBUVZ&]3HKTVTdn�Z f UqUV_SQ�Q3Ü�R�Q
TVNlWXQ3JYUq[ÔTVZcW �
úKû�UVZÛ<>��UV_ f i
Q�á�Q
]�UVNlJ;PéHà�I8ùRvQ3T9]�Q3JYU�idHºk�NOJSPciXNlJ UV_;QÌJ f W��vQ3T�Z>[+R;TdZK�vQ
i
tÈØ�JYUdQ3TdR�ZcalH>UVNlZKJ�NOJ UV_;QËH>Ù3NlW f UV_SHKa
x�NlTVQ^]¡UdNOZcJ�M!NlaOaC��Q�]3ZKJSiVNlx;Q3TdQ
x�NOJ�UV_;Qq[ f U f TdQKt

û



−1
−0.5

0
0.5

1

−1

−0.5

0

0.5

1
−1

−0.5

0

0.5

1

V
el

oc
ity

 (
m

/s
)

y/d
z/d ö `p÷�e]lJsdø]sdt�`ba4cfsdø]t�`ba −1

−0.5
0

0.5
1

−1

−0.5

0

0.5

1
−1

−0.5

0

0.5

1

V
el

oc
ity

 (
m

/s
)

y/d
z/dö m�÷&cJsdt=ø]ad^Zù�gJsdw!^*w!^ZgfiFe_ú

−1
−0.5

0
0.5

1

−1

−0.5

0

0.5

1
−1

−0.5

0

0.5

1

V
el

oc
ity

 (
m

/s
)

y/d
z/dö�û ÷Hü�lf^�ý�v=^�t û orw!^ZgJi=e�ú

�)NOP f TdQ��º Bì@HKTzUdNlHKa|TdQ
]3ZKJSizUVT f ]¡UdNOZcJàZ>[IUV_;Q�kcQ3alZ�]3NmUonÍÚ�Q3a`x f iVNlJ;PËUV_;QBÚST9ioU�ì~s
G HKJSxÉH>Ù3NlW f UV_SHKa
WXZ�x�Q
i!8;>Vú@>V�;>b<�>�H>JSxB�;t ��f Tz[ÓHc]�Qq_;Q
NOPc_cU-]3ZKTdTVQ^izRvZKJSxSi/UdZ�UV_;Q+k¥H>a f Q+ZK[CUV_SQqÛ f ]¡U f H¥UdNOJSPÊkKQ3alZ�]�NOUonKt
Ý '-�>'(*@'(	� !'-2
þ)±^©c©Y�d�¡À;ÿc¾�Îb¾S�3©����w»m�
¢c���d£¡À���¾��I¾Iª¬«¡­
­��¥¯V¾	��
�
�
���������������������
���� ��! "#��$���!&%��'!(��)*�+���-,��.��/��.01��� �2�.3���$��
)405%�687z¾89!»°¢¥Á��V£;:/³¡�^�K�9 +§°³!Îb£o�9���9¾þ)±^©c©Y�d�¡ÀFÿc¾
Î�¾mÀº¦)±^»°�^À^Ð
¾�<(¾°À
Ð~�9¹>§°»°»m�
À=ÿc¾°À��w»O�3¢Y���d£¡À���¾��I¾°Àº�3©��>=;?º�9§°»°�d¤¥À
¶C¾
·�¾;ª¬«¡­
­��¥¯V¾�·>�o±¥³z���3�¬�o§°³��9�¬�o§° ��3Ñ
�o§m±
©��
©��ÊÃK£o±^Ã��d£w±
£��o�Y±
µ^±
©��
»C�K�9³9±^ +Ã�±
��§¨�o§m±
©A@w¦)±^ +Ãc»°�9 +�9©¥�z�3£�¤"�o�9³V�c©Y§mÅ¥¢Y�9�?´`±3£!§m�c�9©¥�o§¨´l¤K§°©Yµ��¬��£o¢Y³V�o¢c£o�^¾
�#B�CD��7�EF!(��)40 ��!&
�7�G�H;À IKJKLNM�I>«O�K¾
¦)§°��£o§°©c§°�o§ÂÀ'ÿc¾�ª¬«9­^­^®^¯VÀP�#B�C����Q!(RS��� �T$K0�!(� U���7���!1V�$���!�%��W!(� �T%X�Y3 �Z
�
��D$�R�!���7-%\[]�Y3 �Z$NB�!(7�
�R�R^�����Q!&�-R�!1B�!Y��V
05$�
����_����!�0 !1`�!(��V]�Y3 �>ab�+%�C����-cb�Q�Y3�%�V�%��D$K08d>�+�Q%�R;C.%�7�!(��!&%��Y¾�Îh�YÐ��o�Y�9��§°�9Àh·¥�z�3�o�e=|©Y§°¹º�d£o��§¨�¼¤Ê±
´f�|�dÁhg�±
£�?
�3�'þ)¢KÇS�
»°±c¾
�w»O�3¢Y���d£¡Àf��¾8�I¾àª¬«9­Ki�L
¯VÀ�jk%l3�������� �>� ���Q������������7m!(�n�Y3 �po�B�!Y7Q
�R�RS������!��X, ���O/��.01��� �_q.���sr�!1B�!(��Vmt�$�
����z¾
ÎC�cÐÉ�o�Y�9��§°�9À�·>�z���o�u=w©Y§°¹º�V£o��§°�¼¤�±
´8�|�dÁWg)±3£�?��3�£þ)¢cÇS�3»°±c¾
¶�¢Y +»°�d¤¥À£ÿc¾/¶h¾ ª¬«¡­
®�L
¯V¾����Y�B�¬��£o¢c³d�o¢c£o��±
´I§°©Y�c±^ +±^µ
�9©Y�d±^¢Y�"�o¢c£o�Y¢c»°�9©Y³9�
¾è¿�©vg)�
µ
»m±
 XÀu:-¾���¾/�
©Y�
���3�z��£o�+?K§ÂÀ4wI¾h¿V¾°À��¡�c§¨�o±3£o�9À�o���RS%�7TC.3 ����!��x, ����/��.01���y�Q�-$��y
Zzf$�
�!&%|{m$�U��^ab�+%�C.%�V�$���!&%��YÀ�Ã��
µ
�9�X«¡®
®lMY«lL�i>¾
�~�
¢�?^�>À ��±^��³9±¡Á!¾
=;?º�9§°»°�d¤¥À;¶h¾S·;¾°À�¦)±
»m�
À�ÐI¾y<(¾°ÀS�3©��Z�w»m�
¢Y���V£¡ÀF��¾��(¾
ª¬«9­^­�Iº¯V¾	:/©Ê�d²c�
 +§°©����o§m±
©�±
´h�o�Y�I�
��§°�¬¤K + +�d��£o§°³�}��d�
 +§°²K§°©Yµ�»O�9¤¥�V£
¢c��§m©cµÊ³9±^�c�d£o�9©¥�(�¬��£o¢Y³d�o¢K£o���c�d�o�9³V�o§m±
©��o�9³z�Y©Y§mÅ¥¢Y�d�9¾X¿�©~��
�
�
Z�����������������p��
�������! "4��$���!�%��n!Y�
)*�����p,��.��/��.01��� �b��3 �+$��;)405%�687o¾ 9!»°¢¥Á��d£P:/³¡�^�K�9 +§°³!ÎC¢c�Y»°§°���Y�d£o�9¾

�



ö `p÷&e]lfsdø]sdt=`ba0cfsdø]t=`ba ö mk÷&e]lfsdø]sdt=`ba0cfsdø]t=`ba

ö�û ÷�cJsdt=ø]ad^Zù�gfsdw!^nw!^Zgfi=e�ú ö úk÷&cfsdt=ø]ad^Zù�gJsdw!^*w!^ZgJi=e�ú

ö ^?÷�ü�lf^�ý�v=^�t û orw!^ZgJi=e_ú ö üZ÷�ü�lf^�ý_vF^�t û o�w!^ZgfiFe_ú
�)NOP f TdQ±<@ Bì@HKTzUdNlHKa|TdQ
]3ZKJSizUVT f ]¡UdNOZcJàZ>[IUV_;Q�kcQ3alZ�]3NmUonÍÚ�Q3a`x f iVNlJ;PËUV_;QBÚST9ioU�ì~s
G HKJSxÉH>Ù3NlW f UV_SHKa
WXZ�x�Q
i!8;>Vú@>V�;>b<�>�H>JSxB�;t/�
TdQ3n�id]3HKaOQq]�ZcTVTdQ
iVRvZKJSx;i/UVZXUd_;Qqk¥H>a f QqZ>[)UV_;QqNlJSioU9H>JYUdHKJ;Q3Z f iwkKQ
aOZ�]�NOUon�NlJ
UV_SQ"TdQ
]3ZKJSizUVT f ]¡UdQ
xBÚSQ
alxht
�)NlP f TdQ
i"ãÓHcç�r@ãÓ]
ç�rhH>JSxéãÔQ^çI]�ZcTVTdQ
iVRvZKJSx�UVZ'�B6 �Y�c�XNOJùu|NmUdTVNlJ;NOUVN~ão�^�K�K�Yç
M!_;NlaOQ�ãÓ��ç¡r�ãÓxSç�r�H>J�xÌãÓQ^ç~]�ZcTVTdQ
iVRvZKJSx�UVZ-�76 �Yú;�

�_8


