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

')(+*
,.-0/213*�465
/87:9;5=<>/?*
,@')(&A�1�*CBEDC/GF�/G*
,>HCIJ5

K&LNM=O�PRQNSTL.UJQWVYX[ZEO\Q^]CL.S&O\Q8_a`cbRdfe
L._ gh_aU\i>j[V�P.S&O\kWlmU
_an3LcPobh_?Q8pqd
rs]=_aU
O
K&L8M
O�PRQ8STL.U�Q�VYX
tCQNO\Q8_ub.Q8_a`cbRd@lfU
_an�L.Pobh_?Q8p�VYX;vRkGkw_aU
V�_ub

K&LNM=O�PRQNSTLcU�QxVYXytzQNO\Q8_ub.QN_a`Rb&O�U={}|~`�Q8��O�P._aO\k�t�`+_�L.U=`�L0d&��]CL}lfU
_an�L.Pobh_?Q8p�VYX;��V�U\iT�@V�U\i

���o�o�a�N�������)���[�R���\�������.�)���w�\�.���[ ;�.�+�0¡��N�. ;�.�3¢��.���N�\�� ;�\���R���
£W¤\�.�N�@¢0¤\�[¥h���¦�§�3¨\�©�R�
�w�ª�.���N���f���¦�x��¨\�Y�.�N¥��R�ª¢���«��R¢¬¤\�.�s£6��¢¬¤ª���&��¡\­\�����§�3�N®@¥+���N�w��¨\����¯��¬��®�¯�¢Y�§ ���°²±6�+�a¯�³x�q�§´
���\�&µf�¬�+��¶^·�¸�¸�¸�¹��Y¢¬¡\�����R�&¢¬¤\���»º��¦��¨\���. ¼�3�\�½º��N�\º������R�&¡\���w�\«[�)���0¾8�\�������w�\«@º��N�\�R�R���
º��N�����s¢����)���.�+��¢s��¿À¡��3�N�R�6�����+��®��Y�©��°²µ6¤\�xº��N�R�Y�.��¢6º���ºÁ�.�ÃÂa�\�.¡\���R�f���;¢¬¤\���+��®� [º\¢���¢Y�©�
������¢¬�N�w¨�¡\¢������\�f�+Â
�¬¡\�R¤;���0¾8�\�������R�ª�R��¢��w [�+¢��\�N�.°C�:�m���. ����\��¢¬���q¢��f¢¬¤��+¢Ã¢¬¤\�6¡\���6�qÂ=���0¾
�\�������w�\«;�R���3¢¬�N�w¨�¡\¢��R�f¢��
�3�;�0Ä@�R���.�\�R®@«\�+�w�[�+¥��.����¢0¤\�.�Ã�R��¢��w [�q¢����N�s�+Â� ;�.�+�¬¡��N�. ��.��¢
�.���N�\�@ ;�\���R���&¢¬¤��+¢[���Å�\�3¢½ [�3´+�Æ¡\���>�+Â
���3®Å��¡\­\�©���w���N®��w�3Âa���� [�+¢Y�©�\�
°Ç���>�+�����
�R­\¢��.�\��¢0¤\�½�N�R�0¡\�©¢Y�
¢Y�}�.�q���R��£6��¢¬¤È���.ºÁ�.�\���.��¢y�.���N���N��¯����\�È¢����&«��.�\�.�Y�+�f�R�§�q���;�+Â
É ¾��R��¢��w [�+¢Y���N�f¢¬¤��+¢x¤���¥���¨��R¢Y¢��.�x�¦��¨�¡\��¢¬�\�R���Wº��N��º��.�¦¢����R�x¢¬¤��3�ª�©�.�q��¢6��¿�¡����N�R�.°

Ê�Ë.ÌWÍÃÎ �NÏ+�6��Ð�Ï�Ñ²Ò\�8�q� Ë �c�zÓ��0¾8�\�������w�\«J¯�Ôs���N���N�¦¾��§�3¾�¥+���N�w��¨\���R�.¯\ÕW�.���\�R�a¯�Ö
�w�\�.���Ã ;�\���R�a¯
É �.�+�¬¡��N�. ��.��¢6�.�Y�N���R¯�×� ;�\��¢¬¤\�w�\«J°

ØNÙ�Ú.Û�Û�Ü�Ý�Þ\Ú.ß3à�á�ß�â
ãcä�å�æ�Ú�Û¬çéè²ä�ê)á©ß3â6ë²Ü.ì\ísÜ�Þ�ãRÛ�å�ê)Ü�ß+åÃÚRîzïqå8ãRå�á�Ý�å�á�ð�Ý0ì\ñ²ß�á�ò.ÜYÛ�Ý�á�åaó)ÚRî=ôaõ�õ�á�ß�Ú.á�Ý0ìhö�÷.ø�ï�ù+ú&Û�á©â�æ+å¬ì
Ù�æ�ãcê�Þ�ãcá©â�ßJì0ô�û&ü�ý0þ.÷.ÿ3ù��zê
ãRá�õaç����aæ�Ü��sä�á�ä�ð.ù Ü�à�ä�ù�
	ÃÜ�Ý�Ü¬ãRÛ�ð8æyÚRîCëxù�Ù�ä�á�� ãcÝÃÞ�ãRÛ�å�áwãRõ�õ�óWÝ�ä�Þ�Þ\Ú.Û�å�Ü�à�
+ó��mãcå�ä�ÛNãRõ=ïqð�á�Ü�ß�ð�Ü��3Ú.ä3ß�à�ãRå�á�Ú.ß�Úcî�Ù�æ�á�ß�ãxãcß�à�������� ÚRî
å�æ3Ü²ï+å8ãcå�Ü��
à�ä3ð¬ãRå�á©Ú�ß�Ù�Ú.ê)ê�á Ý�Ý�á�Ú.ßfÚcîÁÙ�æ�á�ß�ã3ù�	 Ü�Ý�Ü0ãRÛ�ðNæ)ÚRî�èxùRësÜ�� ãcÝCÞ�ãRÛ�å�áwãRõ�õ�ófÝ�ä�Þ3Þ�Ú�Û�å�ÜYà�
+ó6å�æ3Ü²ñ²ß3á©ò�Ü�Û�Ý�á�åaó
ÚRî�ôaõ�õ�á©ß3Ú.á�Ý=ÙÃãcê�Þ�ä�Ý�	 Ü�Ý�Ü¬ãcÛ�ðNæ���ÚhãcÛ�àJì��mï����fÛNãRß+åCí �[ï���ÿ�ý¬ÿ�÷"!\ý.ý�ãcß�à��mï$#%�fÛ8ãcß+å&�yí�#�'�ÿ"!(�^ÿ�÷)��ý*��ÿ.ÿ+'�÷�ù��Ãæ�Ü
ãRä3å�æ�Ú�Û�ÝÃå�æ\ãRß-,;ã6Û�ÜNîGÜ�Û�Ü�Ü6î?Ú.ÛÃæ�Ü�õ�Þ+î?ä�õ�ð�Ú.ê)ê�Ü�ß+å�Ý¬ù

.



/�0�1�2�3-4-5�687�9:3-;<5�2=~(h,:>0($?)?Y/A@\*�<B@JB�(DCE?GF�/AH0I�<}(�1:?�5I>0(+<}(+*�H@(D>)>�@:>J?T1->0/K?�(ML<>0(-N�5
(+*OH)CAP�/?*RQI>R1TS�H0/ES�(�13*CB�IC1DU�(
1�H�H)>o1:S�H¬(�B�1�H)H¬(+*OH0/V@�*È/G*WH¬I
(X?YHR1-H0/K?YH0/ESD?ZC?/AH0(D>o1�H05�>0(�[�\�/?*&S�(�H0I
(�C?(q1:?
H]?)N�5C1->0(-?�^YD�\I_x(-?YH0/?< 1�H)@T>�/K?
*I@TH`S�@\*&?Y/K?YH0(+*OHf/G*XH0I
(�QI>0($?Y(+*�S.(Z@�L <>(�1T?Y5I>¬(+<>(+*OH�(D>�>)@T>"?�7J1;*J5
<baC(D>�@-L²1-CVH0(c>0*C1-H0/VU�($? IC1DU�(�aC(+(+*QI>�@:Q�@�?�(�Bd[XeI@:>[(+F=13<fQIC?(�7IH¬I
(&<>(DH¬II@JBM@�L�<B@\<}(+*�HJ?�7OC?(�1�B�/?*
,fH)@gH0I
(Æ1�B+-05�?YH0(�BhC?(�1T?
H�?�NÁ5z1�>0($?^*i[D�\I_R7-S+1�*�aC(W5&?Y(�B�H)@]S�@:>�>0(-S�HdL<@T>8a=/a1:?+[ ijC?/Ak�(DC?/GII@�@JBmlnaC1:?�(�B[1�>¬,\5
<>(h*�H�CG(�1\BI?�H)@�C?(q1:?
H�?�NÁ5z1�>0($?
F�/VH¬I�@T>)H0I�@\,:@�*C1�C B�/K?YHR1�*�S�(-?Z^Yo[D�\I_"[�ip?�/?<Æ5ICa1-H0/A@\*�l8(+FOH)>R1-Q�@:Ca1-H0/A@\*ª<}(DH0II@JBq^
\OrYshtf9�_o7�F�I
/EScI@/K?
(-N�5
/VU�1-C?(+*OHZH�@giyD�\>/G*MCG/?*
(�1->�<B@JB�(DCE?�7C1-CK?
@fFZ@:>�kI?ZL<@:>
*I@\*ICG/?*
(q1�>�(D>)>�@:>"?*lN/G*�lnU\1->0/21�aICG(-?~<f@JB�(DCK?+[uÅ(Z>0(+L�(D>8H�@ve
5ICAC?(D>�^ .cw:x�y _R7
4x1->)>)@TCVC87�=~5�QIQC(D>)H61�*CBb\�H¬(�L813*�?Yk�/z^ .cw:wT{ _R7J1�*CBT4`@�@:kÆ1�*CBb\�H0(+L813*�?Yk�/^ .cw:w-| _`L<@:>�<B@:>¬([B�(DHo13/VCE?�[}WI
(vQI>¬(-?Y(h*�H`QC1-Qé(c>ZL<@OS�5�?Y($?~@\*gCG/?*
(�1->6<B@JB�(DCE?�F�I=(D>0(vH¬I
(vU�1�>¬/a1-aIC?(-?f/G*>(D>)>�@:>�1�>0(]@:a�?�(D>)U�(�B
H)@�,\(DH¬I
(D>�F�/VH¬IÆ13*Æ135=F�/AC?/a1->)P�U�1�>¬/a1�a�C?(�7T?01DP�7:H¬/?<>(�[�}W/?<>(`F�/ACVCOaé(x5�?Y(qB�L<@:> H¬I
(�>0(-?YH8@-LzH0I
(�QC1-QC(D>+7
a
5IH�/VH�/E?�S�C?(q1�>�H0Iz1�H[1�*�PB@TH0I
(c>;1�5
F�/AC?/21�>)PfU\1->0/21�aICG(�Sh13*MHo1�k�(@/VH"?ZQ�Ca1:S.(�[~DC(cH�^n�m�J�&_������X�h�;AaC(�U\1->0/21�aICG(-?Z@�L6/G*�H¬(D>0($?
HZH¬IC1�H�?¬1�H¬/K?�L<P�1�CG/?*
(�1->�>0(DC21�H¬/V@\*&?YI
/AQ

�b���D����� ���:�-��� ^ .T�V. _
F�/VH¬Ih?Y@\<>(@1\B=B�/VH¬/V@\*z1�C�S�@-U\1->0/21�H0($?v�B�����D[�sÈ(�1T?Y5I>¬(+<>(+*OH"?`@�L]^*���"�I_�1->0(XS+@:CVCG(-S�H¬(�Bb@-U�(D>�H0/?<}(
H)@XPJ/?(cCaB>1ÆB
1�Ho1b?�(DH�@�L��O^*�I�n�"���n�"�D��_J� .����~�p��  F�/AH0I

� � �¡�m^<¢ � _��¤£ � 13*zB � � ����^¥¢ � _���¦ � � ^ .T�¨§ _
F�I
(D>¬(v¢Y��/E?~H0/G<>(�L<@:>�H0I=( � H0I}<>(�1:?�5I>0(h<>(+*OH+7T£&�²1�*CBg¦�� 1�>0([<>(q1:?Y5�>0(+<>(h*�Hf(D>)>�@:>J?�[ uÅ([1:?�?Y5
<>(H0Iz1�HqH0I
(%�D�*©ª?T1->0(M@Ta�?Y(c>)U�(�BjF�/VH¬II@\5�HT(D>�>)@T>+7�1�*CB«S�@�*�?Y/2B�(D>qH0I
(gQI>�@:aICG(+< @�L[($?
H0/G<�1�H¬/?*
,%H0I
(
5
*IkJ*I@-F�*gQC1�>o13<>(cH0(D>J?¬^¥���-�"����_J[

i­k�(DPT/G*
,:>¬(�B�/G(+*�H�@�L`@�5I>�<B@JB�(DC�/K?ZH0Iz1�H�a®@TH0I¯�&13*CB%�:1->0(�H0/G<>(�l¦B�(DQC(+*CBJ(+*�Hc[�e&@T>;1&,\/AU�(+*H0/G<>(X¢.78H¬I
(DP°S+13*jaC(gUJ/?(DFx(�B�1:?�H¬I
(h^�5=*Ik�*�@�F�*z_�Q®@TQ
5IC21�H0/A@\*Ç<>(�1�*�?v@�L±S�(D>�HR13/G*�5=*CB�(D>�CVPJ/?*
,U�1�>¬/a1�a�C?(-?+[²o�*
(�(+F
1�<BQICG(B@�L[5&?Y/?*=,³H¬I
/K?&<B@JB�(DC�F�1:?&,\/AU�(+*Ç/?*�4x13/87�´;13/AkÇ13*zBp}�?013/�^ §Tµ:µTµ _L<@:>Æ(-?YH0/?< 1�H0/G*
,MH¬I
(M>¬(DCa1-H0/A@\*�?�I
/VQ¤aC(DHYFW(+(h*�1DF�1�>0(h*
(-?)?Æ13*zB�H0(cC?(DUJ/K?�/V@\*°>R1�H¬/?*
,°Q®@�/?*OH"?X@�L�}Z¶
S�@�<><>(D>JSc/21�CK?8L<@T>vS�(c>)HR1�/?*gQI>�@JB�5�S�HJ?�[v}WI=(�U�1�>¬/a1�a�C?(��D�s<�1DPÆ/?*�S+C?5CB�(�H¬I
(XS�@�*�?
Ho13*OH . H)@f>0(�·C($S�HH0I=(y/G*�H¬(D>"S.(DQIH6/?*gH0I=(y<f@JB�(DC*[

}�@qaC([/?*gC?/G*
(vF�/VH¬I�5�?Y5C1-C8>¬(+,:>¬(-?)?�/V@�*:<f@JB�(DCK?.7�Fx(y< 1$PX>¬(DF�>0/AH0(q^ . [ . _x1:?
�����¸�D�� ��� ���:�� ���`�¤¦-�<� ^ .T�¨¹ _

§



F�I
(D>¬(X�"�~�º��^<¢
�<_�/K?]?Y5IaJ-0(-S+H¬H�@><>(�1T?Y5I>¬(+<>(+*OHW(D>�>)@T>[13*CBMH¬I
(q¦��n©¨?;1�*CBh£I�*©ª?;1�>¬(&/?*CB�(cQé(h*CB�(+*OH
(D>�>)@:>�U�1->0/a1-aIC?($?�[`}WI
(»S+1:?�(-?ZF�I
(D>¬(�¦-�²1�>¬(XS�@T>)>0(cCa1�H¬(�BB@-U�(D>ZH¬/?<>(�F�/VCACdaC(&B�/E?)S�5&?)?Y(qB /G*h\�(-S�H¬/V@\*
¹ [ }WI
(g@:>oB�/?*C1->)PjCG(�1:?YHX?�NÁ5C1->0(-?ª($?
H0/G<�1�H¬(M^�D�\I_�@�L»^ . [ ¹ _[/E?�a
/a1T?Y(�B�1�*CB /G*�S�@�*�?Y/E?
H0(h*�Hc[ 4x1�/N7´;1�/Vk�13*CBh}�?¬13/�^ §:µTµ:µ _
5�?Y(qBMF�1DU�(DC?(cH"?ZH)@q¼�CVH¬(D>¬@�5IH[*I@\/E?Y(&/G*MH0I=(X@:a�?�(D>)U�(�BgU�1�>0/21�aICG(-?�[ªDC(cHg½�
13*zB²½��B�(h*I@:H¬(bH¬I
(>BJ(�lN*�@\/K?�(�BhU\1->0/21�aICG(-?v@�L��%13*CB¾�M>0(-?YQC(-S�H0/AU�(DCVP�[�¿)*zB�(D>�?Y@\<>(q?�<B@�@:H¬I
*
(-?�?
S�@�*CB�/VH¬/V@�*�?Z@\*¯�m^<¢"_x13*CB%�®^<¢(_o7�H¬I
(�CG(�1:?YH�?)N�5C1�>¬(-?W<>(DH¬II@JB�1�QIQICG/?(�BBH�@XH0I
(@B�(�l8*I@�/K?Y(qBWU�1�>¬/a1�a�C?(-?
PJ/?(DC2BI?W1XS�@�*�?Y/E?
H¬(+*�H�($?
H0/G<�1�H�@:>�@�L`���+7�Sh1�CVCG(�BbH¬I
(�ÀyD�\>(-?YH0/G<�1�H�@:>D[}WI
(MQ=5I>)Q�@�?�(M@-L�H¬I
(gQI>0($?Y(+*OHbQz1�QC(D>Æ/K?XH)@hL�5I>)H¬I
(D>f?
H05zB�P¤H0I
(�(�Á�(-S�Hq@�LyB�(�l8*I@\/E?Y/?*=,�1�*CB
H0I=(�1:?YP�<fQIH)@TH0/KSgQI>)@TQC(D>)H¬/?(-?b@-L»?Y5�SRI�B�(�l8*I@\/E?Y(�B�($?
H0/G<�1�H�@:>J?�[­rN*¸\�(-S�H¬/V@\* § 7�FW(¾S�@�*�?Y/2B�(D>}1?
QC(-S./Â¼zSgQI>)@OS�(qB�5I>0(h@-LqÀyD�\RaOP�5�?�/?*
,Ç1jk�(D>¬*
(DCÃl*HYPOQé(%?�<B@�@:H¬I
/?*
,¾L<@:>%�I�¬L<@:CACV@-FW(�B¤a�PRC?(�1T?
H
?)N�5C1->0(-?�>¬(+,:>¬(-?)?�/V@\*R@�L��-��@\*Ä^D½�I�*�"�D�K_"[¤uÅ(:*�@:H0(%H0IC1-HbH¬I
(�B�(�l8*I@\/E?Y/G*
,³@-L�� /E?ª(-?)?�(+*OH0/a1-C�a
5IH
H0I=(D>0(@/K?�*I@�*
(+(�BgH)@�B�(+lN*I@�/K?�(q�®[�}WI
(»S�@\*&?Y/K?YH0(+*&S�P�1�*CB�1:?YP�<BQ�H)@:H¬/KS;*I@T>0<�1-C?/VHYPbL<@T>vH0I=(qÀyD�\
1�>¬([(-?
Ho1�aICG/K?YI=(�Bd[`u�(@1�CE?
@fS�@\*O¼�>0<ÅH0Iz1�H]ÀyD�\>(+*q-)@�P�?�13*�(�ÆÇS�/?(+*&S�PT,À13/G*M@-U�(D>�i[D�\�13*zBÈo[D�\aOP><�1�kJ/?*=,&5�?Y(�@�L`H¬I
(�H¬/?<>(;/G*�L<@:>¬<�1�H¬/V@�*>/?*%H0I
(½B
1�Ho1�[�rN*³\�(-S+H0/V@�* ¹ 7�FW(�@TaIHR1�/?*!1:?
PJ<BQIH�@:H¬/KS>0($?Y5ICAH"?ÉL<@T>�H¬I
(fS+1:?�(-?¬F�I
(D>¬(W�T¦ �   /K?[1BC?/G*
(�1->�?
Ho1�H0/A@\*C1->)PhQI>�@OS�(-?�?�78H¬I�5&?)(+FOH0(+*CBJ/?*
,BH¬I
(fÀyD�\
<>(DH¬II@JB�@TCV@\,TPgH)@�1bF�/aBJ(D>v>R1�*
,\(q@�L�QI>�@:aICG(+<g?+[�r¦*j\À(-S�H0/A@\* | Fx(&,\(+*=(D>R1-C?/VÊh(�@�5I>�>0(-?�5ICVHJ?¬H)@ 1S�C21:?)?�@�L�BJ(�lN*�@\/K?�(�BhsWl8(-?
H¬/?<�1-H)@:>J?�[�}WI
(fsWlN(-?YH0/G<�1�H�@:>"?�1�>¬(T<f@:>0(�>)@Ta
5�?
H�H¬IC13*¾C?(�1T?
H�?�NÁ5z1�>0($?
13,À13/G*�?
H�@\5�H)C?/G(D>"?;/G*¾���N7²1�*CB�1->0(q@�L<H¬(+*�<f@:>0(@(�ÆÇS�/?(+*OH�L<@:>[*I@\*OlN*I@T>0<�1-Cf<>(�1T?Y5I>¬(+<>(+*OH�(D>�>)@:>J?�[
eI@:>�>)@:a=5�?
H¬*
(-?)?�@�L±sWlN($?
H0/G<�1�H�@:>J?�7�FW(q>0(�L�(c>�H�@Å')5IaC(D>q^ .cw:xO. _"[j\�($S�H0/A@\* { >0(cQ®@T>)HJ?&1MsM@\*OH0(
4x1�>�CV@qS�@�<BQC1->0/K?Y@\*gaC(DHYFW(+(h*gÀyD�\�1�*CBgiyD�\}13*CB�/VCAC?5�?YH)>R1-H0(-?`H0I
(�ÀyD�\}<>(DH¬II@JB�@:CA@\,TPBH0II>�@\5
,�IHYFZ@&(+F=13<fQIC?(-?+[
Ëz0�ÌgÍÉÎ¤Ï]Ð�3-;<Ñ�ÒO3-5�4�Ð�ÒI2�6«3-Ó8ÔO;<4bÕBÐ+Ö�Ñ�×�3-5I3-;<9�Ð}WI
(XÀ[D�\�(-?
H¬/?<�1-H)@:>J?ZFW(»S�@\*�?�/aB�(c>)I
(c>0(@1�>¬(&/?*gH0I
(»?
Q
/A>0/AH¬@-L�4x13/87d´;1�/Vk�13*zBh}�?013/�^ §Tµ:µTµ _a
5IH�BJ/ÂÁ�(D>Z@�*h?Y@\<>([BJ(DHR1�/VCK?+[ es/A>"?YH+7�Fx(@B�(�l8*I@\/E?Y(�@\*ICAPBH0I=(��WU�1�>¬/a1-aIC?(�a
5IH�*�@:H�H0I=(��qU\1->0/21�aICG(�[}WI
/E?�a�>0/?*=,�?�^ . [ ¹ _�S�CV@�?Y(D>�H)@�H¬I
(�H)>o1\B�/AH0/A@\*C1-Cé(c>)>)@T>"?*lN/G*�l*U�1->0/a1-aIC?($?~>0(h,:>0($?)?Y/A@\*XL<>R1�<>(DFZ@T>)kz[�sM@:>0(
/?<fQ®@T>)Ho13*OH)CVPÀ7DH0I
(�B�(�l8*I@\/E?Y/?*=,v@�Lz�-�CB�@�(-?²*I@:Hf(h*
IC13*&S�(ZH¬I
(ZQC(D>YL<@:>0< 13*�S�(`@-LdH¬I
(W($?
H0/G<�1�H�@:>c[�\À(-S(l
@\*zB�7®Fx([5�?Y(½1M^*S�@�*�U�@TC?5IH¬/V@�*d_`k�(D>0*=(DCÂlnHYP�QC(�?�<B@�@:H¬I
/?*
,Æ/?*&?
H0(q1\BW@-L`F�1DU�(DCG(DH"?�BJ(�lN*�@\/K?�/?*
,�[�}WI
/K?
B�/ÃÁ�(c>0(+*�S.(ª/K?;<>(c>0(DCAPBH0(-SRI
*
/ES+1�Cn[�}WI=(bk�(D>¬*
(DCÃl*HYPOQé(»?Y<B@�@TH0I
/G*
,>/E?±aC(DH�H0(D>�kJ*I@-F�*�/G*¾?
Ho1�H0/E?
H¬/KSD?
13*zBª(�1:?�/?(D> H�@[13*z1�CVPOÊ+(�7Ta
5IHf5
*zB�(D>61-QIQI>)@TQI>0/21�H¬(vS�@�*CB�/AH0/V@�*�?8@�5I>61:?YP�<fQIH)@TH0/KS6*I@:>¬<�1�CG/VHYPv>¬(-?Y5ICAH"?L<@:>]ÀyD�\�1-CK?
@ÆII@TCaBWL<@:>�F�1DU�(DCG(DH"?�BJ(�lN*�@\/K?�/?*
,f?Y5&ScI!1:?¬H¬I
(�@\*
(&5�?�(�BWaOPgi)*OH)@�*
/a1�B�/K?.7�Ø�>¬(+,:@�/V>0(

¹



13*zBWshScÙ�(q13,\5=(b^�^ .cw:w�| _R7�Q�[ .D¹�|�µ _J[eI@:>qH0I
(�<B@JB�(DC�?YQé($S�/Â¼zSh1�H0/A@\*Ä^ . [ . _½13*CB­^ . [ § _R7�FW(WL�5�>)H0I=(D>>1T?)?�5
<>(gH0IC1-Hg£I�q�Ú� � 1�*CB¦����²� 1�>¬(bHYF�@:/G*CB�(DQC(+*zB�(+*OHv>R1�*CB�@\<Û?01�<BQICG(-?¬F�/VH¬I�<}(�13* µ 13*CBhU�1�>0/213*�S.(�lYS+@�U�1->0/a1�*�S�(gÜ`Ý
13*zB«Þ�ßà >0($?
QC(-S�H¬/VU�(DCAP�[³u�/AH0II@�5IHbCG(-?)?�@-L[,\(h*
(D>R1-C?/AH
PÀ7 FW(�1:?�?Y5
<>(gH¬IC1�HqH0I
(g@Ta�?Y(D>�U�1�H0/A@\*�?}1�>0(HR1-k�(+*Ç1-H µ �á¢Y� � ¢ A � ¢ ß �ãâDâDâ�� ¢Yä �ã. 7 F�I
(c>0(g¢Y��S+1�*�aC(BH¬/?<>(q@:>Æ1�*�P¾@:H¬I
(D>&/G*IQ
5IHQC1->R13<}(DH0(D> L<@T>��&13*CBg��[`´¬@:H¬(�H¬IC1�H�1�*�PÆ<B@�*I@:H�@\*
(@13*zBW?�<B@�@:H¬IgH)>R1�*�?�L<@T>0<�1-H0/A@\*g@�L�¢�S+1�*gaé(
5�?�(�BT/?*q@\5�>�?Y(DHYlN5IQå[`e&@T>ZH¬I
(�?01-k�(v@�L�H¬(-SRI
*
/KSh1�CzS�@\*OU�(+*
/G(+*�S�(À7�Fx([1:?�?Y5
<>(�/?*fH0I
/E?Z?Y($S�H0/A@\*qH0IC1-Hæ)ç /Iè�é äX��êf<�13F

AYë � ë ä ��ì ¢Y��í �
î-� ì   �­ï�^¥CA@\, ��î:ð � _"�C1�*CB:< 13F AYë � ë ä�ì ¢Y�Iíj¢Y�Vñ A ì��¸ï�^¥CV@�, ��î-� _J[r¥L H¬I
([5
*�?
@T>)H¬(�BÈ�-¢Y�   /K?�1X>R13*zB�@\<ò?01�<BQICG(¬L<>)@�< 13*OPgQI>)@TaC1�a
/AC?/AH
P}B�/E?
H)>¬/Va
5�H0/V@�*hó&7IH0I=(+*�1
<B@�*I@:H�@\*
(vH�>R1�*�?�L<@T>0<�1-H0/V@�*³ó»^¥¢ � _�?01�H¬/K?*¼C(-? æ)ç /Iè 1�CG<B@�?YH�?Y5I>¬(DCVP�[u�(�*�@�FR?YQé($S�/ÂL<P½1¬k�(D>0*=(DCÂlnHYP�QC(�?�<B@�@:H¬I
/?*=,vQI>)@OS.(�B�5I>¬(ZL<@:>`H0I
(��I�n[ }�@�H¬I
/K?²(+*CB�7:CG(DH`ô¾^ â _�õ
µ aC(�1M?YP�<}<>(DH)>¬/KS@13*CB DC/AQ�?)SRI
/AH)ÊBk�(D>¬*
(DC`?�5IQIQ�@:>�H0(�Bj@�*­ö l . 7 .+÷ F�/VH¬I¤ø Añ A ô¾^*�d_ é �¡� . [�DC(DH
ù ä ^*ú��)¢"_�^ µX� ú��)¢ �Ä. _ aC([1�FW(+/G,\IOH L�5
*�S�H¬/V@\*}B�(DQC(+*zB�/?*
,�@�*ICVPq@\*M�-¢ A � âDâDâ ��¢ ä   1�*CBB?01-H0/E?�L<PJ/?*
,ø A� ù äI^nú��)¢"_ é ¢`� . L<@:>
13*OP µX� ú �û. [�sM@:>¬(�?
QC(-S�/Ã¼zS+1�CACVP�7�Fx(�Ho1�k�(

ù ä ^*ú��)¢"_`� .übý ôpþ ú�íj¢ü ÿ �«ôpþ úÉ�°¢ü ÿ���� � ë���� �Kë
	�� �Rôpþ § í°ú¬íj¢ü ÿ���� A ñ 	�ë
�
� ��ë=A
��� ^ §O�V. _
L<@:>�?
@\<}(�?Y<f@�@:H0I=/?*
,vQz1�>R1�<>(DH¬(D> ü � ü ä�?¬1�H0/E?�L<PJ/?*
, ü �j^ µ � .�î$§ _o7 ü�� µ 7J1�*CB � ü î CA@\, � � �
1:? � � � [`}WI
(+*Ã7IH¬I
(@B�(�l8*I@\/E?Y(�BBU�1�>¬/a1�a�C?(%½�:/E?W,\/VU�(h*WaOP

½� � � ä���� A � ������� ù ä ^núm��¢ � _ é ú�� ^ §O�¨§ _
F�I
(D>¬(�� A � ö µ �D^¥¢ A �p¢ ß _ î-§ _R7�� � � öÂ^<¢ � ñ A �p¢ � _ î$§ �D^<¢ � �p¢ ��� A _ î-§ _)_q^ §j���«� � í . _R761�*CB�¬äg�òöÂ^<¢Yä�ñ A �R¢Yäm_ î-§ � .�÷ [B}WI
/E?�S+@:>)>¬(-?
Q�@�*CBI?�H)@�1%?Y<B@�@TH0I
/G*
,�<>(DH0I�@JBÈ5�?Y(�B¾a�P¾Ø;1T?)?�(D>&1�*CBs! 5OCVC?(c>�^ .Dw�y-w _"[v}WI=(&1\B=B�/VH¬/V@\*z1�C�H0(D>¬<g?W/?*°^ § [ . _`L<@:>�^*ú��)¢"_x*
(�1�>�H0I=(ª(+*CB�?�^ µ @T> . _x<�1�k�(]a
/a1T?S�@T>)>0($S�H0/A@\*�? L<@:>�k�(D>0*
(cC�?Y<f@�@:H0I=/?*
,Æ1-H¬H¬I
(�a®@�5
*CB
1->0/G(-?�[eI@:>f*I@THR1-H0/V@�*C1�CåS�@\*OU�(+*
/G(+*�S�(À7DC?(DH#"ã�û^n� A � âDâcâ �"�Iä�_ � �³� ä%$ � 7 ½"ã�û^D½� A � âDâDâ ��½�Iä�_ � �¾� ä&$ � 7'ã� ^n� A � âDâDâ �"�Dä�_ � � � ä&$ � 7)( �Û^*� A � âDâDâ �J��ä�_ � �Ú� ä 7)* � ^*� A � âDâDâ �J�(äO_ � �Ú� ä%$ � 7,+ �
^*£ A � âDâDâ �J£ ä _ � �³� ä&$ �À7C13*zB.-û�û^*¦ A � âcâDâ �"¦ ä _ � �³� ä [Zi¬CE?
@XCG(DH

/ äX� .�102 * � * * � '' � * ' � '435 � ½/ ä�� .�102 ½" � ½" ½" � '' � ½" ' � '635 � ^ §O�¨¹ _
´¬@TH0(vaOPbH¬I
(�S�@�*�?Y/E?
H¬(+*�S�Pq@�L�H0I
(±?Y<B@�@TH0I
(D>�^ § [ § _R7�?Y5IQ � ìE½�I�Ií¾��^¥¢Y�¥_cì � µ 13*CB / ä�í ½/ ä � µ /?*

|



QI>�@:aC1-a
/VCG/VHYP>1T? � � � [`}WI
(»ÀyD�\><>(cH0II@JBbQ�>)@OS�(+(qBI?ÉaOPq>0(+,T>0(-?�?Y/?*=,B�-��@\*j^c½�I�¥�J�$�<_`H)@Æ,\(DH
0267� 7�835

� ^ � ½/ äO_ ñ A 02 ½" �' � 35 ( � ^ §O� | _
}WI
(vL<@:CACV@-F�/?*
,qS+@\*CB�/AH0/A@\*�?�1->0(&1-CK?Y@Æ1:?)?�5
<>(�BbL<@T>¬H¬I
(@1:?
PJ<BQIH�@:H¬/KS�>0(-?�5ICVHJ?W/?*gH0I
/E?�?Y(-S+H0/V@�*�[æ)ç Ë�è }WI
(D>¬(ª(+FJ/K?YH µ:91; A 9<; ß 9 � ?Y5�SRIMH¬IC1�H ; A 91=
> �¨ä�^ / ä�_ ��=
>#?�@ ^ / äO_ ��; ß L<@T>;1-CVC� 7OF�I
(D>¬( =
> �¨ä}13*CB =A>B?C@ ?YHR13*zBÇL<@:>�H0I=(y<}/?*
/G<&5
<�1�*CB:<�1�F�/G<&5
< (h/?,\(h*�U�1�CG5
(-?Z@-L61&<�1�H�>0/GFd[æ)çED è ��^¥¢"_x/K?�S�@�*�H¬/?*J5I@\5&?W/?*g¢.7
13*zBM?
@Æ/K?��I^<¢"_6/ÂL��D���¸�I^¥¢Y�K_"[æ)çEF è ��G<^¥¢"_f/E?)DC/VQ�?�ScI=/VH)Ê�F�/AH0Ig@:>oB�(D>)Hj^ µI9 H �û. _o7C13*CB%?
@Æ/K?��JGA^¥¢"_6/ÂL��D�d�¸�I^¥¢Y�<_"[rN*³HYPOQ
/KS+1-C Sh1:?Y($?�F�I
(D>¬( / ä � / L<@T>X?Y@\<>(&<�1-H)>¬/?F / 1:? � � � 7�H0I=(BS�@�*CB�/AH0/V@�* æ�ç Ë®èL<@:CACV@-F�?±L<>�@\< Q�@�?Y/AH0/AU�(>B�(+¼C*
/VH¬(+*
(-?�?v@�L / [h}WI
(g?�<B@�@:H¬I
*
(-?�?�S�@�*CB�/VH¬/V@�*j@\*R�I^¥¢"_
1:?ª,�/VU�(+*Å/?*æ)çED è 1�*CB:/G* æ)çEF è S+13*gaC(�FW(�1-k�(+*
(�BB?Y@bH¬IC1�H�/AH�II@:C2BI?W(DU�(D>�P�F�I=(D>0(�(+F�S�(DQIH�1�HZ¼C*
/AH0(DCAPT< 13*OPQ�@\/G*�HJ?�[%i¬CK?Y@
7 æ�çEF è /K?[1%?
H)>�@\*
,�(D>qS�@�*CB�/VH¬/V@�*jH0IC1�* æ)çED è [gr¥L���^<¢(_�13*CB¤�I^<¢(_�IC1DU�(qa�@\5
*CBJ(�B?Y($S�@\*CBB@T>RB�(D>�BJ(D>0/AU\1-H0/AU�(-?�7OH0I
(+* æ)çEF è I�@:CaB�?ÉF�/AH0I�HM� . [Zo)5�>)<�1�/?*B>¬(-?Y5�CVH"?~L<@TCVCA@�F�[K Ó�ÔO5®4-ÔOÑ /®0 |�bRbh��STL æ)ç /IèML æ�ç Ë®è O�U
{ æ�çED è%N ��]CL�L0b.Q8_aS&O\QNV�Pq^ 7�`� 7�~_�i�_an3L.UPOhpRQTS NVUXW _ub`RV�UÁbh_ub.Q�L.U�QCXhV�P±^<���D�"���D_ NK Ó�ÔO5®4-ÔOÑ Ëz0 |�bRbh��STL æ�ç /&èYL æ)ç Ë�è O�U={ æ)çEF è dxO�U
{ � ^ ü î CV@�, � _ ß � � O3b � � � N ��]CL.U
02 7� 7�835

í 02 ������I35 � .� / ñ Aä 02 * � ^�-¸íZ+��®�D_' � ^C-Äí[+����D_\35 �«ï � þ CA@\, ��î ^ � ü _�� ü A ��] ÿ � ^ §O�¨{ _
ð � / A_^ ßä` Þ ßà �j� �� Ü`Ý����bac 02 7� 7�d35

í 02 ������E35)ef gihí � j ^ µ � � � � � _J� ^ §O�lk _
M�P0V�nh_a{�L¬{ Qa]=O\Q � ü ß � ß ] � µ O3b � � � Nm ÔOÑ¤ÒI4MnÈ/po ¿)*CB�(c> æ)çEF è F�/VH¬IEHM� . 7�H¬I
(�?Y<B@�@TH0I
/G*
,vQC1->R1�<>(DH0(c> H0IC1-H`C?(�1�BI?8H)@�H¬I
(�@:QIH¬/?<�1-C>R1-H0(�@�L�S�@�*�U�(c>0,\(h*�S�(�/?*Æ(-?YH0/?< 1�H0/G*
,���^¥¢"_²/K?`@�Lå@:>RBJ(D> � ñ A_^Cq [`o�5I>�1T?
PJ<BQIH)@TH0/ESW*I@:>¬<�1�CG/VHYP�>0(-?�5ICVH^ § [ k _8>¬(-N�5
/V>¬(-?f1�?Y<�1-CVCG(D> ü ?YH)>0/ES�H)CAP�aé(cH
Fx(+(+* � ñ A_^ ß 13*CB � ñ A_^
r /?*qH0I
/E?~Sh1:?Y(�[ }WI
/E?ZS�@T>)>0($?
Q�@\*CB�?H)@�5
*CBJ(D>"?�<B@�@:H¬I
/?*
,±�¬?Y@vH0IC1-H H0I=(Za
/21:?s/E?�k�(DQ�H ?�<�1�CAC*[ts�1T?Y(�B�@\*XH0I=(�1:?YP�<fQIH)@TH0/KSx13*C1-CVP�?Y/E?s1�*CB
(+<BQ=/V>0/ES+1�CJ(+FOQC(D>0/G(+*�S�(�7TFW(�?�5
,\,�(-?
H
1�>05ICG(¬@-L H¬I�5=<ba}1:?~L<@TCVCV@-F�?+ê H0I
(�?�<B@�@:H¬I
/?*=,�QC1->R13<}(DH0(D> ü
/K?�?Y@qScI�@�?Y(h*WH¬IC1�H�/?*OH0(c>)U�1�CE?~@�L~?Y/VÊh( § ü F�@\5IC2BWS+@\*OHR13/G*�1�>)@�5
*CB { Q�@\/G*�HJ?~L<@:> � 5IQgH)@ .DµTµ 1�*CBaC(DHYFW(+(h* Au � ß ^
v
13*CB Ar � ß ^
v¬Q�@�/?*OH"?~L<@:>�Ca1->0,�(D> � [r*H&/K?ª(�1T?
PjH�@j?�II@-FáH0IC1-HBú ß � � ñ A ^
( í8" 7�¤íw' 7�~_ � ^
( íx" 7�¤í<' 7� _[/K?&1¾S�@�*�?Y/E?
H0(h*�H(-?YH0/?< 1�H0(�@�L�Þ ßà �%� �� Ü`Ý����c[ u�(]S+13*}(-?
H¬/?<�1-H0(ZH¬I
(vC21�>0,�(v?¬13<BQ�C?(�U�1�>¬/a13*&S�(�l�S�@-U\1->0/213*�S�(�@�L�^ 7�Z� 7��_{



aOPBú ß ^ � ½/ ä�_ ñ A [ u�(�S+1�*�1-CK?
@&($?
H0/G<�1�H¬(vH0I=(y<}(�1:?�5I>0(+<}(+*�Hm(D>)>�@:>�U�1�>¬/a13*&S�(-?Z@�L�Ü`Ý&13*zBMÞ ßà aOP
7Ü`Ý�� � ñ A ^y" �Jz äJ"òí ½" �Jz ä ½"³_J� 7Þ ßà � � ñ A ^
(­í ½" 7�MíZ' 7�`_ � ^
(­í ½" 7�¯íZ' 7��_J�F�I
(D>¬( z äX� � äZí � ñ A|{T{ � /K?x1�S�(+*OH0(c>0/?*=,y< 1�H)>¬/?F�F�/VH0I { �û^ . � �A�V� � . _ � �³� ä 13*CB � ä[/K?`H0I
( � aOP� /aBJ(+*�H¬/VHYP&<�1-H)>0/GFd[eI@:>
13*OPh?
PJ<><>(cH)>0/AS�<�1�H�>0/GF��ª7�C?(DH]¦�}�~-^
��_`aC(�H0I
(XU�(-S+H)@:>¬/VÊ�1-H0/A@\*g@�L��ª7�H0IC1-H;/K?.7�1qU�(-S�H)@T>

H0Iz1�H�S�@�*�?Y/E?
H"?�@�L»1�CAC�H0I
([(DCG(+<>(+*OH"?f/G*WH¬I
([5IQIQC(D>�H�>0/a1�*
,\5�Ca1�>�QC1->)H�@�L���[K Ó�ÔO5®4-ÔOÑ D 0 |�bRbh�JSTL6Q^]CLx`RV�U
{�_?Q8_aV�UÁb�VYX[��]CL¬V�PRL.S8S N v?X����+£ A ��r 9 � � dt�6L ]=O�n3L ð � þ ¦�}�~�^ 7Ü Ý _"í¦�}�~-^
Ü`Ý-_ ÿ g�hí � j þ�µ ��-��A�Oö ¦�}�~�^n£ A £ � A _ ÷ ÿ N vGX)��¦ r A 9 � d²Qa]CL.U ð � ^ 7Þ ßà íqÞ ßà _ g�hí � j ^ µ ��-��
��^*¦ ß _)_ �}WI
(}1:?
PJ<BQIH�@:H¬/KSy*�@:>0< 1�C?/AHYP³^ § [ k _;(h*C1�aICG(-?;5�?vH)@%S�@�<BQC1�>¬(XH0I
(}1:?YP�<fQIH)@TH0/KSª(+ÆgS�/G(+*�S�Pf@�LH0I=(qÀyD�\È($?
H0/G<�1�H�@:>�F�/VH¬I³@TH0I
(D>
(-?
H¬/?<�1-H)@:>J?;B�(DU�(cCV@:QC(�BBL<@:>[(D>�>)@:>J?�l8/?*�lnU�1�>¬/a1�a�C?(-?;<B@JB�(cCK?�[�eI@:>?Y/G<BQICG/KS�/ÃHYP�7:Fx(�S�@\*&?Y/aBJ(D>�H0I
(�S+1T?Y(�@�L��$��� . F�/AH0I���� . [
DC(DHE�p�
��� � ñ A�� ä� � A ^*��^¥¢Y�¥_�í �:_"^*��^<¢
�*_�í ��_ � F�/VH¬I �g� � ñ A�� ä� � A ��^¥¢Y�*_R7²13*zBR-O�YäM�Å^nÞ ßà �� �� Ü`Ý����+_�� ñ A�
� [`r*H�L<@TCVCA@�F�?�L<>)@\< }WI
(D@T>0(+< § H0IC1-H ð � - ñ A_^ ß�Yä ^ 7� A íX�®�D_ g�hí � j ^ µ � � � _ � r¥L�Ü`ÝE� µ /K?kJ*I@-F�*Ã7�H¬I
(�iyD�\&($?
H0/G<�1�H�@:>`@�L����W/E? 7� �
�&� � þ � @�@ íjÜ`Ý ÿ ñ A � @�� ��F�I
(c>0(�� @�@ � � ñ A�� ä� � A ^n�&�Oí�®_J^*� � í �d_ � 7�� @�� � � ñ Ap� ä� � A ^n� � í �®_"^n� � í �I_"[R¿)*CB�(c>Æ1�QIQI>�@:QI>¬/a1-H0(hS+@\*CB�/AH0/A@\*�?.7~Fx(ÈIC1DU�(

ð � - ñ A
^ ßA ä ^ 7� �
�&� í¸����_ g�hí � j ^ µ � � � _�F�/AH0I8- A ä«��-O�
äX�1� ñ A�
� ;\� ¦zö £�^*¦qí­£ � �®�+_ ÷ � ñ A�
� 7~F�I
/EScI
<>(�1�*�?¬H¬IC1�H�H0I
(�1T?
PJ<BQIH�@:H0/ES�U�1�>0/213*�S.(�lYS+@�U�1->0/a1�*�S�(q@�L]ÀyD�\!/K?�?
H�>0/KS+H)CVP¾?�<�1�CAC?(D>�H0Iz13*jH¬IC1�H�@�L
iyD�\�[z}WI
(Æ1�<B@\5
*OH�@�L�B�/ÂÁ�(D>¬(+*�S�([/G*�S�>0(q1:?Y($?ÉF�/AH0IhH0I=(XS�@-U�1�>¬/a13*&S�(�@-L�£�^n¦�í«£ � � � _�>0(DC21�H¬/VU�(vH�@�p�
�+[

rN*jH0I
(Ç?
QC(-S�/21�C�Sh1:?Y(f@�L�Ü`ÝÈ� Þ ßà � � 1�*CB[-O�Yäj�ò^ . ���"���&� ß _�Þ ßà � ñ A�
� 7 FW(ÇS+13*Ç5�?�(BH0I
(f@:>
l
H0I�@\,:@�*C1�C�C?(q1:?
H]?)N�5C1->0(-?�(-?
H¬/?<�1-H0( 7�p� �%� @�L�� � 7�?Y(+(�s�1�B
13*�?Yk�P¾^ .Dw:{Tw _J[¬rN*gH0I=/K?�S+1T?Y(�7IFx(ªIC1DU�(ð � - ñ A
^ ßß ä ^ 7� � �%� í¾�®�D_ g�hí � j ^ µ � � � _ZF�/AH0I- ß äG�d-O�Yäv�Z� ñ A�
� ;\� ¦p�I^*¦�í¤£I�D����_(ö £�� ^n¦�íj£ � ����_n���. ���"���J� ß ÷
� � ñ A�
� �
?
@]ÀyD�\[/E?�?
H)>¬/KS�H�CVP;<f@:>0(6(�ÆÇS�/G(+*�H�H¬IC13*XH¬I
(`@:>)H¬II@\,T@\*C1-C�C?(�1T?
H�?)N�5C1�>¬(-?�[�sM@:>0(xB�(cHR13/ACK?²1�a�@\5�H H0I
(
C?/Ak�(DC?/GII@�@JBmlnaC1:?�(�BW@T>)H¬II@\,T@\*C1-C~CG(�1:?YH�?)N�5C1->0(-?)($?
H0/G<�1�H¬(-?�S+1�*haé(�L<@�5
*CBÈ/G*�465
/61�*CB�DC/�^ .Dw:wTx _o7
DC/a1�*
,
7C'  1\B�CG(ª1�*CBE4x1->)>�@:CVC`^ .DwTw:w _o7�1�*CBÈ'�(ª1�*CBÈDC/a1�*
,h^ §Tµ:µTµ _"[}WI
(ª(+ÆgS�/G(+*�S�P},�13/G*�?¬@-L�À[D�\M@-U�(D>]iyD�\�13*zB³oyD�\%Sh13*haC(q?Y5Ia&?
HR1�*�H¬/a1-C F�I
(+*hH¬I
(q?Y/AÊ+(�@�L
H0I=()<>(q1:?Y5�>0(+<>(h*�H²(D>)>�@:>x/K?~C21�>¬,\(�[`}WI
(
<>(DH0I�@JBG@-L6B�(+lN*I@�/K?�/?*
,@<�1�k�(-?²5�?Y(�@�L�H¬I
([1�5
F�/AC?/21�>)P&/G*�l
L<@:>¬<�1�H¬/V@�*�H)@±S�@\*�?�/K?YH0(+*OH)CAP;(-?
H¬/?<�1-H0(`H0I=(ZH)>¬5
(�U�1�CG5
(-? �"�*[�¿)*IC?/Ak�(`H0I
(�@:H0I=(D> HYFZ@�<>(DH¬II@JBI?�7�ÀyD�\

k



*
(+(qBI?)*I@�1�B
B�/AH0/V@�*C1�C`kJ*I@-F�C?(�BJ,\(&1-a�@\5IH�H0I
(q?�/VÊ+(�@�LvÜ`Ýq>0(cCa1�H¬/VU�(�H)@%Þ ßà 7Ã13*CBhH0I=(Æ1:?
PJ<BQIH�@:H¬/KSU�1�>¬/a13*&S�([/K?W*I@TH�1$Á�(-S�H¬(�BWaOPbH¬I
(vL<@\5I>�H0I�<B@\<>(h*�HJ?�@-L`£I�²1�*CBM¦-�*[
D 0�ÌgÍÉÎ¢¡q;K3-ÓpÌgÔO×~ÔO2�68ÔO2®3qÏv4-4-5�4-Ð\�/?*&S�(vH0I=(ª<>(�1T?Y5I>¬(+<>(+*�HJ? @�L��>1->0(�HR1�k�(h*W@-U�(D>�H¬/?<>(À7Á/AH�/K?Z@-L<H0(+*%H0I
(�S+1T?Y(�H0IC1-Hv¦ � 1->0([*I@TH
/?*zB�(DQC(+*CB�(h*�Hva=5IH�?YII@�5ICaBhaC(T<B@JBJ(DC?(�B�1T?[1WH0/G<>(X?�(D>0/G(-?�[»}WI
(>1T?
PJ<BQIH�@:H0/ESXS�@\*&?Y/K?YH0(+*&S�P�1�*CB
*I@T>0<�1-C?/VHYPX>¬(-?Y5ICAH"?W/G*È\À(-S�H0/A@\* § S+1�*WaC(@(+F�H¬(+*CB�(qBbH)@f?Y5�SRI%S+1:?�(-?�[\�5IQIQ�@�?Y(�H¬IC1�H��T¦��   /K?�1�C?/G*
(�1�>�?YHR1-H0/V@�*C1�>�PgQI>)@OS�($?)?Z@�L�H0I
(vL<@:>¬<

¦-��� £���� ñ £b¤ � }+�Vñ � � ^ ¹O�V. _
F�I
(D>¬(B�&} �   1->0(Æ/*[ /n[�Bd[vF�/AH0I�<>(q13* µ 13*CBhU�1�>¬/a13*&S�(qÞ ß¥ [TDC(cH§¦�^_¨®_v��~ � ¦®^n¦��*�J¦�� ��© _"[�u�(q?YHR1�H¬(
1\B=B�/VH¬/V@\*z1�C�S�@�*CB�/VH¬/V@�*�?�1:?æ)çIª è µ«9 � � £��� ñ £ ¤ ß� 9 � � �æ)çE¬ è µ«9 � � £��� ñ £ ì ¤ � ì 9 � � �K Ó�ÔO5®4-ÔOÑ F 0 lmU
{�L.P[Q^]CL½`RV�U
{�_?Q8_aV�UÁbÆVYX���]CL¬V�PcLcS®­}O�U
{ æ)çIª è dxQ^]CL[K,¯²tÇL0b.Q8_aS&O\QYL�QTS NVUXW _ub
`RV�UÁbh_ub.Q�L.U�Q N)° �JPRQ^]CL.P.S&V�PcL¬dx_ X æ)çE¬ è ]=V\k§{3bRd
ð � þ .� / ñ Aä ^
*���'v_n��� ä ^
*���'v_ / ñ Aä �j���� Ü Ý � � / ñ Aä ÿ ñ A_^ ß ac 02 7� A7� A 35

í 02 �®����E35 ef g�hí � j ^ µ � � � � � _"�� ]CL.PRL¬��ä!_ub@Q^]CL � O+p � S&O\Q8P�_²±«� ]=V3b�L �³�p´ Qa]�Lok?L.STL.U�Q
_ub)¦�^ � í � _ N=~(h,\5IC21�>�iv=�shi <f@JB�(DCK?�1�>¬(XC?/G*
(�1�>�/?*hH¬I
(�L<@:>¬< @-Lv^ ¹ [ . _�F�/VH¬I æ)çE¬ è II@TCaB�/G*
,�135IH�@\<�1-H
l
/KSh1�CVCAP�7z?Y(+(µsZ>�@:kOFW(DCAC613*CB¾=�/KSRIC1�>oBj^ .DwTw�. _"[grN*hQC1�>�H0/ES�5ICa1->+7Ã/ÂL��T¦-�   L<@TCVCA@�F�?
13*¶���±^ . _�<B@JBJ(DC?Y5&ScI%H0IC1-H�¦-� �1¦O¦��Vñ A �P}+� F�I
(D>¬(hì ¦�ì 9 . 7·}��»1�>0(&/n[ /n[�BBF�/VH¬I�<>(�13* µ 13*zBÈU�1�>¬/a1�*�S�(qÞ ß¥ 7zH0I
(+*
¤ � �6¦p¸ � ¸f1�*CB¡� ä �Û^*Þ ß¥ ¦p¸ �Añ � ¸¨_J[«r*H&/K?ª(q1:?
P¤H�@�,\(DH}1³S+@\*�?�/K?
H¬(+*OH&(-?
H¬/?<�1-H0(B@-L�Þ ß¥ 13*CB¶¦�/?*
H0I=/K?�S+1T?Y(�L<>�@\<áH¬I
(XÀ[D�\B>0($?Y/aBJ5C1�CE?�7�13*CBgH0I
(D>¬(�L<@:>¬(�}WI
(D@:>¬(+< | Sh13*gaC(ª5�?�(�BWH�@T(-?YH0/G<�1�H¬(vH0I
(?
Ho13*CB=1�>RB�(D>)>�@:>J?É@-L H¬I
(�ÀyD�\>(-?YH0/G<�1�H¬(-?�7O?Y(h(�tfF=13<BQ�C?( § /G*È\À(-S�H0/A@\* { [
F 0�ÌgÔ�¹J285�;<ÐDÔ�6¶º�¹"Ï]Ð�3-;<Ñ�ÒO3-5�4�Ð}WI
(BCG(�1:?YHq?)N�5C1�>¬(-?ª(-?
H¬/?<�1-H)@T>"?�@-Lv>¬(+,:>¬(-?)?�/V@�*Ç1�>¬(WkJ*I@-F�*¤H)@haC(%?Y(+*&?Y/VH¬/VU�(qH)@h@�5IH)CG/?(D>J?y/?*
H0I=([B
1�Ho1�[�=É@Ta
5�?YH)(-?YH0/G<�1�H�@:>"?�S+13*gaC([<B@:>¬(;(�ÆÇS�/?(h*�H`F�I
(+*gH¬I
([(D>)>�@:>�B�/E?
H)>¬/Va
5�H0/V@�*�?�1�>¬([*I@\*�lØ
135�?�?Y/213*%13*CB³Q�>)@:H¬(-S�H;5&?]L<>�@\< ,T>)@�?�?y(D>�>)@T>"?)/G*³H¬I
(ÆB
1�Ho1�[qsWl8(-?
H¬/?<�1-H)@:>J?;1�>¬(>1->0,�5C1�aICAPhH0I
(

y



<B@�?
H`Q�@:Q
5IC21�>�>�@:a
5�?YH)<}(DH0II@JB�?�[ }�@XaC(;<B@T>0(]?
QC(-S�/Ã¼zS\7�Fx(�S�@�*�?Y/2B�(D>�1�*%sWlN(-?YH0/G<�1�H�@:>�^¥���D�J���D_
1:? ^ 7� A ä�� 7� A ä�_~��ê&�
��» <>/?*¼J½�¾A¿ � À ½�¾�Á .� ä� � � A ¦�^*����íÄ½�I�� �Mí¤�:�� � _ ^ |��V. _
F�I
(D>¬(:¦�^ â _;/E?ª13*Ç(DU�(h*�1�*CB¤S�@\*OU�(+FhCV@�?)?vL�5
*�S�H¬/V@\*�?01�H¬/K?*L<P�/G*
,Â¦�^*�d_�� ø @��Ã ^*ú:_ é úÇ@�*R�x� µ 7Ã ^nú:_61&*I@\*�l¦B�(-S+>0(�1T?Y/?*=,B?�S�@:>¬(±L�5=*�S�H0/A@\*gF�/VH¬IÂ� Ã ^n¦ A _~� µ 7Ä�qö Ã ^n¦ A ��ú:_ ÷ �d���"úÉ�Rï�^*ú ß _R7C1�*CB�qö Ã ^n¦ A ��ú:_�í Ã ^*¦ A _ ÷Kß � � ^nú�_�1:?�ú � µ L<@:>]?
@\<}(�S�@\*&?
HR1�*�HÅ���,� µ [

DC(�1:?YH�?)N�5C1�>¬(-?�>¬(+,:>¬(-?)?�/V@\*Å/K?
1M?
QC(-S./a1�C�sWlN(-?YH0/G<�1�H�@:>vF�/AH0IÆ¦�^*�d_v� � ß 78a
5�H�H�@gaé(q>)@Ta
5�?YH
13,À13/G*�?
H�@\5IH�CVPJ/?*
,%����U�1�C?5=(-?�7�FW(Æ*
(+(�BhH)@¯ScII@�@�?Y(:¦¯?Y5�SRIjH¬IC1�H Ã ^n�d_)/E?va®@�5
*CB�(qBd[M}WI=(BC?(�1T?
H
1�a&?
@:CG5IH0(�B�(DUJ/a1-H0/V@�*�>¬(+,:>¬(-?)?�/V@\*�F�/VH¬I�¦�^*�d_`� ì ��ì.1�*CB Ã ^n�d_ �¸ú�» � ^n�å_�/K?²1¬Fx(DCVCÃl*kJ*I@-F�*[(+F
1�<BQICG(
/?*RH0I
/E?BS�C21:?)?+[­rN*pH0I=/K?q?Y(-S�H¬/V@�*Ã7�FW(�1T?)?�5
<>(Ç� Ã ß ^*¦ A _ 9 � /?*�?YH0(�1�B�@-LI�±¦ ßA 9 � [û}WI
/K?S�@�*CB�/VH¬/V@�*T/E?W135�H)@\< 1�H0/ES+1�CACVP»?01�H¬/K?*¼C(�B&/ÂL Ã /K? a�@\5
*zB�(�BBF�I
(DH¬I
(D>�¦���IC1:? ¼C*
/VH¬(¬U�1->0/a1�*�S�(v@T>W*I@THD[}WI
(}1:?YP�<BQ�H)@:H¬/KS�QI>�@:QC(D>�H0/?($?±@-L]?Y5�SRI°sWlN(-?YH0/G<�1�H�@:>"?[1->0(Æ,\/VU�(h*haé(cCV@-F�[giv?;/?*¤\�(-S�H¬/V@�* § 78FW(
1:?�?Y5
<}(vH0I
(�¦ � 1�>0([/n[ /*[©BT/?*gH¬I
/K?�?�(-S�H0/A@\*�[K Ó�ÔO5®4-ÔOÑ ª 0 lfU
{�LcP æ)ç /IèML æ�ç Ë®è O�U
{ æ)çED è d&Qa]CL>Z ´ L0b.QN_aS&O\Q8V�PRQ UÄN ­ W _ub�`RV�UÁbh_ub.Q�L.U�QWXhV�P^¥���c�"���+_ NÅ° �JPRQ^]CL.P.S&V�PcL¬dx��U={�L.P æ)çEF è �f_?Q^] � ü ß � ß ] � µ O�U
{ � ü ß�î ^¥CV@�, � _ r � � O3b � � � d� L;]=O�n3L ð � /)A_^ ßä` �Gö Ã ß ^*¦ A _ ÷¥î � ß� �j� �� Ü`Ý���� 02 7� A äví³���7� A ä�íj���µ35 g�hí � j ^ µ � � � � � _ �

r¥L Ã /K?[B�/ÂÁ�(D>¬(+*OH0/a1-aIC?(À7é/AH;/K?;(�1T?
PhH)@%?�II@-F H0Iz1�H��m�X�4� Ã GV^n¦ A _J[qrnL Ã ^*�d_¬� ú�» � ^n�å_o7�H0I
(+*����� §JÈ à ^ µ _�F�I
(D>¬( È à /E?±H¬I
(qQ�[�Bd[ L�@�L]¦ A [B}WI
(c@:>0(h< § Sh13*¾aé(qUJ/?(DFx(�B�1:?[1M?YQC(-S�/a1-C`S+1T?Y(q@�L}WI
(D@T>0(+< { (+FIS.(DQIHZH¬IC1�H�H0I=(�S+@\*CB�/AH0/A@\*g@\* ü /K?�?YC?/G,\IOH)CVPqFW(q1�k�(D>x/?*gH0I
(vL<@T>0<>(D>c[
ª 0�ÏvÑ¤×8;<4-;¥9�Ò�É 1�2pÊzÔ�Ð�3$;ÌËzÒ�3-;<5�28Ðu�(X>¬(DQ�@:>�Hª1%?Y/G<T5IC21�H¬/V@\*%?YH05CB�PhF�I=(+*�B=1�HR1�1�>¬(T,�(+*
(D>o1�H0(qBWL<>)@\< ^ . [ ¹ _�F�/VH¬IbÍ³�Î�W� . [sM@:>¬(q?
QC(-S�/Ã¼zS+1-CVCVPÀ7�?01�<BQIC?($?¬@�LÉ?Y/VÊh( � � .DµTµ:µ 1�>0(Æ,\(h*
(D>R1-H0(�BML<>)@�< ���Z� . �R��^¥¢Y�*_ ��¦��61�*CB�I�8�Ä��^¥¢Y�¥_��¤£I�n[¬}WI=(�U�1�>¬/a13*&S�(-?�@�L`H¬I
(ª*I@T>0<�1-C�U�1�>0/21�aICG(-?�£&�m13*zBh¦��²1�>¬(XSRII@�?�(+*WL<@T>[B�/ÃÁ�(c>0(+*OH
C?(cU�(DCK?�@�L�?�/?,\*z1�CÂlnH)@-lN*�@\/K?�(�>R1�H¬/V@�?Zú � � @ �¸úD¢ é ^*�:_ î úD¢ é ^n£d_613*zBBú � � � �¸úD¢ é ^*�I_ î úD¢ é ^n¦&_o7:F�I
(D>¬(�úD¢ é?
Ho13*CB�?�L<@T>v?YHR13*zB
1�>oB�B�(DUJ/a1�H¬/V@�*�[�}WI
(�L�5
*�S�H¬/V@\*%�&/K?ZHo1�k�(+*%H)@qaé(�H0I
(�À¬@TQIQICG(D>ÉL�5=*�S�H0/A@\*°^*?Y(h(�7
(�[ ,I[gÀ¬@�*I@\II@Å1�*CB¢Ï:@�I
*�?
H�@\*
(À7�^ .DwTw�| _)_R7x13*zB³¢Y�É� �
î$� L<@:> � � . � âcâDâ � � [gi ?Y/G<>/VC21�>�?�(DH)H¬/?*
,
F�1T? 5�?�(�BT/G*bH¬I
(�?Y/G<T5�Ca1�H¬/V@�*X?
H¬5CB�Pq@�L64x1�/N7I´
13/VkÆ1�*CBB}�?¬13/ ^ §:µTµ:µ _�F�I
(D>¬(¬H¬I
(DPqS�@�<BQC1->0(�BXH0I
(QC(D>
L<@T>0<�1�*�S�(v@-L`H0I=(+/V>�ÀyD�\fF�/VH¬IED�\&[�')(c>0(�7O@\5I>]S�@\<fQC1�>¬/K?
@�*�/K?ZF�/VH¬I�1qS�@\*&?Y/K?YH0(+*OH�(-?YH0/?< 1�H)@T>iyD�\f@�L�^<�®�c�"���D_~�º^ . � . _"[�rN*MH0I=/K?�S+1T?Y(�7�FW([5�?�(�H0I=(�k�(D>¬*
(DCÂlnHYP�QC(�?�<B@�@:H¬I
/?*=,bF�/AH0I ü � µ��ªµ:µ�y

x



snr of x

sl
op

eÐ
0 1 2 3 4 5 6 7

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

DLS
ALS

 (a)  Case 2 

snr of x

ra
tio

0 1 2 3 4 5 6 7

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 (b)  Case 2 

es/G,\5I>¬( . êv^N1�_�i�U�(D>R1�,\(�?
CA@:QC(ª(-?YH0/G<�1�H¬(-?W1�*CBj^¥ad_�=�1�H0/A@b@-L�?
Ho13*CB=1�>RBÈ(c>)>)@T>"?�@�L��\Ñ��¤>¬(DCa1-H0/AU�(H)@ z Ñ��¤F�I
(+*¯ú � � � � .Dµ í¤ú � � @ [
13*zB�ô¾^¥¢"_X� vr ^ . íp¢ ß _ � � ¸ �T¸ ë
A_� @\*¤¢q� ^�í . � . _"[¾´¬@TH0(BH¬IC1�H�H0I
(ÇiyD�\Å(-?
H¬/?<�1-H)@:>J?;5�?Y(�BÅI
(D>0(
1:?�?Y5
<}(�H0I=(T<>(q1:?Y5�>0(+<>(h*�H�(D>)>�@:>vU�1�>¬/a1�*�S�(gÜ`ÝbH�@WaC(qk�*�@�F�*å[X}WI
/K?[1�B
B�/VH¬/V@�*C1�Cf/G*�L<@:>¬<�1�H¬/V@�*Ã7
5�?�5C1�CACVPÆ5
*C1DU�13/VC21�aICG([/?*gQI>R1TS�H0/ES�(�7J/K?W*I@TH)*
(h(�B�(�BGL<@T>vÀ[D�\�[es/?,�5I>0( . ^81m_
,\/VU�($?±H¬I
(}1$U�(c>R13,�(bQz1�>R1�<>(DH¬(D>[(-?
H¬/?<�1-H0(-?�@�L]ÀyD�\%1�*CBjiyD�\°^¥aC1T?Y(�Bj@�* {:µTµsM@\*OH0(�4x1�>)CA@j?¬13<BQ�C?(-?"_¬L<@:>qú � � @ aé(cH
Fx(+(+* µ [ . 1�*CB x ^�/G*�/?*�S+>0(+<>(h*�HJ?±@-L µ [ . _@13*CBRú � � � �
.Dµ í«ú � � @ [Xr*H;/K?]S�C?(�1->¬H¬IC1�H�a�@:H¬I�(-?YH0/?< 1�H)@T>"?�1�>¬(&*
(�1�>�CVP�5
*�a=/a1:?�(�BMF�I
(+*°ú � � @ � ¹ [�u�I
(+*H0I=(X?Y/G,\*C1-CÂlnH)@-lN*I@�/K?�(X>R1�H¬/V@>/E?¬?�<�1�CACN7�ÀyD�\�Iz1:?;1T*=(+,�1-H0/VU�(�a
/21:?¬a=5IH�iyD�\}IC1:?;1qQ®@�?Y/AH0/VU�(�a
/a1T?�[es/G,\5I>¬( . ^<ad_�?�II@-F�?ÉH¬I
([(-?
H¬/?<�1-H0(�Bq?
Ho13*CB=1�>RBÈ(c>)>)@T>�@�L�iyD�\B>¬(DCa1-H0/AU�(¬H�@BÀyD�\}5
*CB�(c>�H0I
(�?01�<>(?Y(cH05IQ�[`i]? (+FOQC(-S�H0(qB�7�H0I
(�iyD�\&/E?ZC?(-?�? (�ÆÇS�/G(+*�Hc[�iÉH�ú � � @ � § 7IH0I
(v>¬(DCa1-H0/AU�()(�ÆÇS�/G(+*�S�P�@�L�ÀyD�\>0(cCa1�H¬/VU�(�H)@%iyD�\�/E?;1:?vC21�>0,�(>1T? § 7Ã1�*CBE/G*�S�>¬(�1:?�(-?¬>R1-Q
/aBOCVP�1T?�ú � � @ aC(-S�@�<>(-?�?Y<�1-CVC?(c>D[vu�I
(+*a
/21:?f1�*CB�U�1�>0/213*�S.(�1�>0(�Ho1�k�(+*XH�@\,�(DH0I
(c>+7\/AHs/E? S�C?(q1�>�H0IC1-HZÀ[D�\ª/E?s1vaC(DH)H¬(D>�Qé(c>
L<@:>¬<>(D>h73(-?YQC(-S�/a1-CVCAPF�I
(+*%ú � � @ /E?�?Y<�1-CVCn[ }WI
(�S�@�<BQC1�>¬/K?Y@\*�?�1->0(�?Y/G<>/VC21�>`F�I
(+*%FW(�ScI�@�?Y(�ú � � � �¸ú � � @ [u�([*I@-FÄS�@\*&?Y/aBJ(D>�HYFZ@&(+F=13<BQ�C?(-?`H)@&/VCAC?5�?YH)>o1�H0(�H¬I
(@1�QIQICG/KS+1-H0/A@\*�?Z@-L`ÀyD�\&[
Ï�Ò�ÒIÑ¤×·É¥Ôg/po ^*i
B�U�(D>)H¬/K?�/?*
,O_�rN*><>(�1T?Y5I>¬/?*
,�H0I
(;(+Á�($S�H0/AU�(+*
(-?�?8@�L�H0(DCG(DUJ/K?Y/A@\*}1\B�U�(c>)H0/E?Y/G*
,
7�QC(D@�lQICG(TIC1DU�(}B�(DU�(DCA@:QC(�Bh}Ã(DC?(cU�/E?Y/V@�*j=�1�H¬/?*
,ÔÓ8@\/G*�HJ?X^*}�=ÅÓ�_�1:?&1g>)@\5=,\IÇ(-?
H¬/?<�1-H0(�@�L�H0I=(>(+FOH0(+*OH@�L�}Z¶ 1\B�U�(c>)H0/E?Y/G*
,I[�}�=�Ó�/K?vS+1-CKS�5�Ca1�H¬(�BMaC1T?Y(�Bh@\*°?Y(DU�(c>R1�C�L81:S+H)@:>J?�7Ã/?*&S�C?5CBJ/?*
,BH¬I
(XC?(h*
,:H¬Ih@�L
H0I=(�}Z¶ S�@\<}<>(D>"SR/a1-C*[�}WI
/E?~/E?É>¬(DCa1-H0(�BBH)@}13*¯i¬F�1->0(+*=(-?)?�=~($?
Q�@\*�?�(B^niv=±_`>¬(�·C(-S+H0/?*=,XH0I
(�QC(D>
lS�(+*OHR1�,\(�@�L�QC(D@:QICG(vF�II@&IC1DU�(]?Y(+(h*BH0IC1-H�1�B�U�(D>)H¬/K?�(+<>(+*OHs/G*�1X?Y< 1�CVC&?Y5I>�U�(DPb@-L�S�@\*&?Y5
<>(c>"?�[�u�(HR1-k�(���^¥¢"_61T?ÉH¬I
(vH)>¬5
(�i¬F�1->0(+*=(-?)?�=�(-?
Q�@�*�?Y(q^�L<>�@\<áH¬I
(�F�II@:CG(�HR1�>¬,\(DH¬(�BBQ�@:Q
5IC21�H¬/V@\*z_�1-H�H0/?<}(

w



••

•

•

••

•

•

•

•

•

••

•
•
•

•
•
•

•

•

•

•

•

••

•

•

•

•

••

•

•
•

•

•

•

•
•
•

•••

•

•

•
•
•

•
••

•

•

•
••

•
•

•

•

•
•

•

•

•

•

•

•

•

••

•

•
•

 Time (weeks)

A
R

0 20 40 60

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

 (a)  Awareness Reponses

•••

•

•

•

•

••••••••

•

•

•

•
•

•

•

•

••

•

•
•

•
•
••

•
•

••
•

•

•
•••

•

•
•
•

•

•

•••••••••••••••••••••••••••

Time (weeks)

TR
P

0 20 40 60

0
2

4
6

8

 (b) Television Rating Points

es/G,\5I>¬( § êB^81m_�\OS+1-H)H0(c>
lnQICV@TH�@�L~1DF�1�>¬(+*
(-?�?�>¬(-?
Q�@\*&?Y(&Õ�^<ad_�\OS+1�H�H0(D>Yl*Q�CV@:H�@-L]} (DCG(DUJ/K?Y/A@\*¯=)1-H0/?*=,Ó8@�/?*OH"?�13*zBÇH¬I
(@B�(�l8*I@\/E?Y(�B%S�5I>�U�(�[
¢.7J13*CBB��^<¢(_m1T?ZH0I
(µÖ)H�>05
(M×[(+FOH0(+*OH @�Lm1�B�U�(D>�H0/K?�/?*
,@1-QIQI>)@�FJ/?<�1-H0(�B�aOPq}�=ÅÓ�1�H�H0/?<}(�¢�[m')(D>¬(�7:FW(@:a&?Y(D>�U�(,Øv�,Ù¼13*CB�����1:?xB
1�Ho1�F�/VH¬I><>(�1T?Y5I>¬(+<>(+*�H²(D>)>�@:>J?�[`es/G,\5I>¬( § ,�/VU�(-? H0I=(v?�S+1�H�H0(D>Yl*QICA@:HJ?@�L�H¬I
(vFx(+(DkOCVPµ����1�*CB�Ø±�ÚÙ B
1-HR1�L<@:>�1X}Z¶ 1\BOU�(D>)H¬/K?Y(h<>(+*OHf/?*>/AH"? ¼�>"?YH y-{ Fx(+(Dk�?�[`}WI
(�B
1�Ho1
1�>¬(vHR1-k�(+*BL<>)@�<áu�($?
H�1�*CBÈ'
1�>)>¬/K?Y@\*¾^)^ .Dw:xTw _o7®Q�[ {Tx�. _"[`u�([<B@JB�(cCdH0I=(v>0(DC21�H¬/V@\*&?YI
/AQWaC(DHYFx(+(+*����^<¢"_613*zBbØv�,Ù�^¥¢"_x1:?

�������¸�W�j� A �(���j� ß �"�Vñ v �¤¦��<� � � . � âDâDâ � y${ � ^ {O�V. _
F�I
(D>¬(\Øv�,Ùd���¸�"�I�¤£I�²13*CBg¢Y�d� �
îTy-{ [eI@:CVCA@-F�/?*
,]=~(h<�1�>�k . 7:FW(�5&?Y( ü � µ��ªµ:¹�. F�/AH0IXH0I=(�?013<}(�t QC13*=(-ScI=*
/Vk�@-Uvk�(D>¬*
(DC=1:?s5&?Y(�B�L<@T>@\5�>�?Y/G<T5�Ca1�H¬/V@�*Æ1�a�@-U�(�[Z\�/?*&S�(¬H¬II>0(h(v@:a�?�(D>)U�1-H0/V@�*�?~L<@:>�����1->0(;<>/E?)?�/?*
,=7m@�*ICVP y-§ @Ta�?Y(c>)U�1�H¬/V@\*&?
1�>¬(�5�?Y(qB /G*&(-?
H¬/?<�1-H0/?*=,¬H¬I
(�<B@JB�(DCn[�}WI
(�ÀyD�\&(-?YH0/G<�1�H¬(~@-L`^n�~�)� A �)� ß _Ã/K?Z^ µ [ §�.�k 7 µ [ µ:¹-| 7 µ [ µT¹�| _
13*zBWH0I=(�?YHR1�*CB
1�>oBÈ(D>)>�@:>J?É@-L`a�@:H0I¯?
CA@:QC(ª(-?YH0/G<�1�H¬(-?W1->0( µ [ µTµmy [�}WI
(ª(-?YH0/G<�1�H¬(�BT<>(�1T?Y5I>¬(+<>(+*OH
(D>�>)@:> 7Ü Ý � .:�ª{:{T¹ 13*zBbú � � @ � .T�¨§-| [�sZPqS�@�*�H�>R1:?YH+7�H0I=(yD�\@(-?
H¬/?<�1-H0(�@�L�H¬I
(�QC1�>o13<>(DH¬(D>"?�aC1:?�(�B@\*¾H0I=(B>R1DF�B=1�HR1�/K?q^ µ [ §�|�. 7 µ [ µT§my 7 µ [ µT§�| _J[M}WIz1�Hª/E?�7�H0I
(�D�\�(-?YH0/?< 1�H0(@5
*CB�(c>0(-?YH0/?< 1�H0($?¬H0I
(?
CA@:QC(-?�aOP�<f@:>0(qH0Iz13*¤@\*
(%?YHR13*zB
1�>oB (c>)>)@T>D[¾rN*¤@:H0I=(D>�F�@:>RB�?�7`H0I
(>($?
H0/G<�1�H¬(baz1:?Y(qB�@�*RÀyD�\
/?*zB�/KS+1-H0(-?`H0IC1-H;1�*�/?*�S�>¬(�1:?�(�@�L�@\*
(@5
*
/VH�/G*gH0I
([(+FOH0(+*OHZ@-L`}Z¶ 1�B�U�(D>)H¬/K?�/?*
,&(DU�(c>)PXFW(h(DkBFZ@�5ICaB
<�1-k�(�1\B=B�/VH¬/V@\*z1�C k [ x�Û @�L�H¬I
(vHo1�>0,�(DH0(qBGQ�@:Q=5ICa1-H0/V@�*�1DF�1->0(v@-L�H0I=(�S+13<fQC13/G,\*Ã7�1T?ZS�@�<BQC1->0(�B�H�@
{ [ .XÛ ($?
H0/G<�1�H¬(�BXa�PBCG(�1:?YH�?)N�5C1�>¬(-?�F�/VH0I�@\5IH�B�(+lN*I@�/K?�/?*
,�[

r¥L�FW(�ScI�@�@�?Y(�H)@&5�?�(�H0I
(@B�(�l8*I@�/K?Y(qBWC?(q1:?
H�1�a�?Y@:CG5IH0(½B�(DUJ/a1�H¬/V@�*:($?
H0/G<�1�H�@:>x/?*BH¬I
/K?W(+F=13<fQIC?(�7
.Dµ



FW(Æ,\(cH�H¬I
(qQC1�>o13<>(DH¬(D>;(-?YH0/G<�1�H¬(-?�^ µ [ §T§:µ 7 µ [ µT¹my 7 µ [ µT§:x _]F�/VH¬IjH0I
(f?
Ho13*CB=1�>RBÅ(D>)>�@:>"?�@�L�a�@:H¬I?
CA@:QC([(-?
H¬/?<�1-H0(-?61-H µ [ µ:µTx [`u�/VH¬II@\5IH�BJ(�lN*�@\/K?�/?*
,=7IH0I
([(-?YH0/G<�1�H¬(-?61�>0(q^ µ [ §T¹:µ 7 µ [ µ:§Tx 7 µ [ µ:§Ük _o7d?Y@
1�H�H0(+*J5C1-H0/V@�*�<�13/G*ICVPq@OSDS�5I>J?�L<@T>¬H¬I
(v¼�>"?YHv?YCV@TQé(�QC1�>o13<>(cH0(D>ZL<@T>¬H¬I
/K?W(-?YH0/G<�1�H�@:>D[`}WI=(�>0($?Y/aBJ5C1�C
QICA@:H"?�@�L�H¬I
/K?�>0(+,T>0(-?�?Y/V@�*T(hF
1�<BQIC?(�?�II@-F�?�H¬IC1�H`H¬I
()(c>)>)@T>"?f1->0(]S�CV@�?Y(�H�@y*�@:>0< 1�C�?
@�C?(�1T?
H`?�NÁ5z1�>0($?
/K?W(hF�QC(-S�H¬(�BbH�@XP�/G(DCaB>1&<B@T>0(;(�ÆÇS�/G(+*�H6(-?YH0/G<�1�H�@:>D[
Ï�Ò�ÒIÑ¤×·É¥ÔMËÝo ^¥¶`@TCa1�H¬/VCG/VHYP®_�rN*W¼C*C1�*�S�(½13*CBh?�(-S�5I>¬/VHYP�13*z1�CVP�?Y/E?�7�FW(�@�L<H0(h*È<>(�1T?Y5I>¬(�H0I
(X>¬/K?
kf@�L
13*}/?*CB�/AU�/2B�5C1-Cd?YH)@OS"k�1:?W/AH"?�^*?
Ho13*CB=1�>RBJ/VÊ+(�B�_ >0(h,:>0($?)?Y/A@\*%?
CA@:QC(@13,À13/?*&?
H�1ª<�1->)k�(DHf/G*CB�(+Fz[ r¥L�H¬I
/K?
?
CA@:QC(�7²5�?Y5C1-CVCAP¾S+1�CAC?(�BMaC(DHo1�7f/K?;,T>0(�1-H0(D>�H0Iz13* . 7 H0I
(fScIz13*
,�(T/G*³H¬I
(g?
H�@OS(khQ�>0/KS.(&/K?y(hF�QC(-S�H¬(�BH)@%aC(><B@:>¬(bH¬IC13*¤H¬IC1�H@/?*jH¬I
(>/?*zB�(+FÅ13*zB�H¬I�5&?�H0I=(g?
H�@OS(kÅ/K?�S�@\*�?�/aB�(c>0(�BhH)@haC(><B@T>0(q>0/E?
kOP�[
i)*�/?*CB�(hF>/K?)5&?Y5C1-CVCVP%SRII@�?�(+*MH�@B>0(cQI>0(-?�(+*OH�1baI>)@À1\BÈ<�1->)k�(DHc[�r¥L`FW(½1:?YkÈII@-Fû>0/E?
kOPÈ1q?
H�@OS(k�/K?>0(cCa1�H¬/VU�(vH�@�1b>¬(DC?(DU�1�*�H�<�1�>�k�(DH+7OH0I
(h*MH0I=(&5�?Y(�@�L�13*�/G*CB�(+Fg>0($?Y5ICAH"?�/?*È<}(�1:?�5I>0(+<}(+*�Hx(D>)>�@:>J?~/ÃL
H0I=(y/G*CB�(+F%S�@-U�(D>J?Z@\*ICAP�1bQ�@:>�H0/A@\*h@�L�H0I
(»?
H)@OS"k�?~/G*MH0I=(ª<�1->)k�(DH�@�L6/G*�H¬(D>0(-?YHD[�iv?�1b>0(-?�5ICVHh7IH0I
(
U�1�CG5
(v@�L�aC(DHo1ª<�1DPXaC(;5
*CB�(c>
l8(-?
H¬/?<�1-H0(�Bd[�i­S+@:>)>¬(-S�H¬/V@\*f@�L�H0I
/E?~a
/21:?ZSh13*gaC(;<�1\BJ(¬F�/AH0IgÀyD�\&[u�(�S�@\*&?Y/aBJ(D>8H¬I
(�S+@\<><B@�*�?
H�@OS(k�QI>0/ES�(`@�LåsÈ/KS+>)@�?Y@�L<H�^*s³\Oe�}¬_ÃB�5�>0/?*=,vH0I
(`¼�>"?YH8H¬(+*&<B@�*�H¬I�?@�L�P�(q1�> §Tµ:µTµ 7�F�/VH0I�B
1�/VCAPBS�CA@�?�/?*
,�QI>0/ES�(-?�[�}�@&<}(�1:?�5I>0(;/AH"?`>0/K?Ykb>¬(DCa1-H0/AU�(¬H�@XH0I
(;< 1�>)k�(cH~@-L�¿�[Â\aICG5
(qScI=/VQ¾?
H�@OS(k�?�7�Fx(XHR1�k�(XH¬I
(g\�HR1�*CB
1�>oB¢Þ4Ó8@�@:>c©¨? .cµ:µ r¦*zB�(+F�1T?[1ÇQ�>)@�F�P%H)@%H0I
/E?)<�1�>�k�(DHD[^*}WI=(È\�HR13*zB
1�>oBPÞ6Ó8@�@T>D©¨? {:µTµ rN*CB�(+F%/K?ª<B@T>0(gS�@�<><B@�*ICVP�5�?�(�B�/?*j¼C*C1�*�S�(�7�a
5IHqH0I
(%?01�<>(
<>(DH¬II@JB�@TCV@\,TP�1�QIQICG/?(-?+[Â_Çes/?,�5I>0( ¹ ,\/AU�(-?ZH0I
(XH¬/?<>(±?Y(D>¬/?(-?�QICV@TH"?ÉL<@T>vH0I=(Xs³\Oe }¸QI>0/ES�(&1�*CBMH0I
(
/?*zB�(+Fq@�U�(c>ZH0I=( .cµ <f@\*OH0IBQC(D>¬/V@JBWF�/AH0I §:µÜk @:a&?Y(D>�U\1-H0/A@\*�?+[}�@�1:SDS�@�5
*OH�L<@T>61�?Y5CB=B�(+*q?YI=/ÂL<Hf/G*XH0I
(�s³\Oe�}�Q�>0/KS.(�1�H`H¬I
(�aC(+,\/G*
*
/?*=,v@�L�i¬QI>0/AC�^*?�(+(�es/?,�5I>0(
| ^81m_�_R7�FW(&<B@JBJ(DC H0I=(q?
H)@OS"khQI>¬/KS�(@,�13/G*�?��-��^¥H¬I
(qQI>0/ES�(&1-H � l*H¬I�B
1DPÅB�/AU�/2B�(�Bga�P%H0I
(qQI>0/ES�(�@�*
B
1DPB@�*
(:_�1:?v�-���Ä�"�V�M����� � ^ �`�dk�| _8�R� A � ^ � � k�| _��R¦���7�^ � � . � �A�V� � §:µJk _R7IF�I
(c>0(��(�»B�(+*I@TH0(-?H0I=(�ScIz13*
,�(y/G*�<�1�>�k�(DH U�1�CG5
(vL<>)@\< B
1DPB@\*
(�H�@XH0I
( � l*H¬IÈB=1$PÀ7IF�I
/KSRI>/K?6<>(�1T?Y5I>¬(�BM^¥F�/AH0I%?
@�<>(
(D>�>)@:>+_ZaOPMH¬I
(qSRIC13*
,�(ª/G*hH0I
(B\
Þ\Ó .DµTµ /?*CB�(hFd[]}WI
(&/?*OH0(D>JS�(DQIH�QC1->R13<}(DH0(D>�� � /K?)5&?Y(�BWL<@T>vH0I
(¼�>J?
H�H0I�>0(+([<B@�*�H¬I�?¬^<F�/VH0I k-| H�>R1\BJ/?*
,}B
1DPI?"_x13*CB%� A L<@:>�H0I=(�>¬(+<�1�/?*
/G*
,@B
1DPI?+[o�>RB�/G*C1�>�P�CG(�1:?YHB?�NÁ5z1�>0($?T,\/AU�(-? 7� �%� � .T�V.�k�y [ûr¥L�Fx(MH0($?
HqH0I
(�I�POQ�@:H0I=(-?Y/E?bH0IC1-Hb�á� .
13,À13/G*�?
H��¢� . 7mH¬I
(�Q�l*U�1-C?5
(�L<>)@�< H0I
(�H
lnH0(-?YH6/K? µ [ µ:{�| [ßsW5�H FW(]S+13*f?Y(h(ÉL<>�@\< H0I=(¬>¬(-?Y/2B�5C1�C�QICA@:H
/?*Çes/?,�5I>0( | ^<ad_�H0IC1-H¬H¬I
(D>0(
/K?�S�CG(�1�>�B�(cQé(h*CB�(+*�S.(;/?*gH0I=(�>¬(-?Y/2B�5C1-CK?�[u�(&*�@�F 1:?�?Y5
<>(�H0IC1-H�¦��8L<@TCVCV@-F�?;1�*¢����^ . _¬Q�>)@OS�(-?�?[13*CB�5�?Y(XH¬I
(fÀyD�\MH�@>(-?YH0/?< 1�H0(�H0I
(
<B@JB�(cCZQC1->R13<}(DH0(D>J?�[¾u�(%SRII@�@�?�( ü � � ñ A_^
v î$x L<@T>>B�(+lN*I@�/K?�/?*
,�[¤}WI
(M>¬(-?Y5ICAH0/G*
,�(-?
H¬/?<�1-H0(Æ/K?
7�pà �&� � .T�¨§myYk F�/AH0Ig?YHR1�*CB
1�>oB:(D>�>)@T>�@�L µ [ .c¹:{ [Z}WI
([(-?YH0/G<�1�H¬(�@�L�H0I
(@135�H)@OS�@T>)>0(cCa1�H¬/V@�*ÇL<@T>v�T¦��  
/K? 7¦M� �¨xÜk [Xes/G,\5I>¬( k ^nS�_�?YI�@�F�?vH¬I
(X>0(-?�/aB�5z1�C QICA@:H@1$L<H¬(D>¬¼�H�H0/G*
,BH0I=(µ����^ . _�QI>)@OS�($?)?vH)@h�T¦��   [

.:.



•
••
••
•
•
••

•
•

••
•
••••••

•
•
•
••
•
•
•

••••
•
••••

••
••
•
•

•
•
•
•••
•••
•
•
••

••

••
•
•
•

•
•••
•
•
•
••

••

•
••

•
••••

•
•••
•
•••••

•••••••
•
••••

•
••
••••••

•
••••

••
•
••••

••
•
•••••••••

•••
••••••••

•••
••••••••••••••••••••••••••

•••
••••••••••

•••••••••
•••

•
•
••

time (days)

pr
ic

e

0 50 100 150 200

60
80

10
0

 (a) MSFT Price 

•

•••

•
•
••
•
••
•
••

•
•••

•

•

••
•••
•

••

•
•
•
•
•

••
•
•

•
•

••
•

•

•

•
•

•
•
•

•

•

•
••

•
•

•••
•
•

••
•
•
•
•
•••

•

•

•

•

•

•
•
•

•
••
•
•

•

•
•

•
•
•

•

•
•

•
•

•
•

•
•

•

•
••

••

•

••
•
•
•
•
•

••
•
•

•
••

•
•
•••
•
•
•

•
•

•••
••
••
•
•
•
•
•
•
••

•
•••
•
•
••
•
•
•

••
•
••
••
•••
••
•
••
•
•
•
•
•
•••
•

•
•
••
•
•
••

•

•••
••

•
•
•

•

•

••

•
•

•••
•

time (days)

in
de

x

0 50 100 150 200

70
0

72
0

74
0

76
0

78
0

80
0

82
0

 (b) S&P100 Index 
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 (b) Residuals from LS Fit 

•

•

•

••

•
•

•

•
•

•

•

•
•

•

•
••
•

•

•

••

•

•

•

•

•

•
••

•

•

•

•
•

•

•

•

•

••

•

•

•

•

•

•
•

••

•

•

•

•

•

•

•

•

•

•

•

•

•

•

••
•

•

•

•

•

•
•

•

•

•

••

•

•

•
•
•

•
••

•••
•

•
••••

•

•

•
•

•

••
•

•
•

•

•

•

•

•
•

•
••

•

•
•

•

•
•
•

•

•

•

••

•

•
•

••
••

•

•

••
•
•

•

••
•

••

•

•

•

•

•

••
•
•••
•

•

•

•

•

•

•
•
•

•
•
•
••
•
••

•

••

•

•
•
•
•

•

•

•

••

•

•
•••
•
•

••

•

•
•

•

•

•

•

time (days)

re
si

du
al

0 50 100 150 200

-1
0

-5
0

5

 (c) Residuals from AR(1) Fit
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