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:gfh: e\ikj?>-REOGDlREZ\Bmf-fgfnbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb e
:gfKo DGpq>-JsrtO]^`FuFI>-R\DG^`O]>-FI>-_vrtD bdbMbdbAbMbMbdbMbdbMbdbMbdbMbAbdbMbMbdbMbdbMbdb w
:gfKe x`^`Jsrt^`R*rtHKB\_yFm>-R\DG^`O]>-FI>-_vrtD bdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb i
:gfKw o\ikj?>-REOGDlREz{rt>-O=@=L|U}a`H~DGJ-BQT?>-O7jq�S@C�AUW���~Dla`HKDGJ-BQT8>-O�j bdbdbMbdbMbdbMbdbMb �

:*f~wEf�: @C�AUW��a`>srv>-JsrtBEOGD bMbdbAbMbMbdbMbdbMbdbMbdbMbAbdbMbMbdbMbdbMbdb �
:*f~wEf~o �����'�S��OG>-DG^`��rtDG�'R\�~FmB\D7rMpq>-O]z�>-JsrM�`�~REJ�Xv�Q�qB[a�j bMbMbdbMbdbMbdbMb �
:*f~wEf~e �kLN�}OG>-DG^`��rvDG�la`HKDGJ-BQT8>-O�j�BEz2x`^`Jsrv^`RgrvH~BE_`D�bMbAbMbdbMbdbMbdbMbdb �

:gfKi R\z�rt>-O=@=�dU�� bMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �
:*f~iEf�: DG>->-X[H~_`Zn�`O]D rM�kB\p`p`�K>-OC¡�>-R\X£¢~¢CbMbdbMbdbMbdbMbAbdbMbMbdbMbdbMbdb �
:*f~iEf~o rtBGPkR\O]ayFV^`J�<yDQFmR\�K�~>-O'DGJ-R\�K>-DG�lRE_?B*rt<`>-O=DGHKa`>MB\z4@=LNU¤bMbdbMbdb :*o

:gfK� �q>sj?B\_`ay@C�AUW�¥bMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb :gw
:*f~�Ef�: L|�S¡ bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb :*i
:*f~�Ef~o ¡§¦¨�S©l@Cª bMbdbMbdbMbdbAbMbMbdbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdb :*i

:gfK� rtBQPkREOGa«pqBE�~REOGH~¬-R*rtHKB\_�FI>-REDG^`OG>-Fm>-_trvDSbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMb :g­
o ;=<?>A�`^`_tj?RE>sT[�Q®¯>-�K�~a`BQT°HKJY<±��²q>-Jsr¥bMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb :*�

o\fh: e\³kj?>-REOGDlREZ\Bmf-fgfnbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb :g�
o\fKo ´��`O]D7rtµma`>srv>-J]rvH~BE_!BEz8rv<`>dDG^`�`FIHK�~�KH~Fm>srt>-Ol�`®¶>-²q>-Jsr·bMbdbdbdbMbdbMbdbMbdbMb :g�
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: UW>-z�BEOG>ALN^`��rtHKpqBE�~>A�¯Å°p`RE_`DQHKB\_ bMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb o\w

:gfh: Z\O]RQT°H�rtRgrvH~BE_`R\��DGBE^`OGJ->-DG�l�`REJ�<`D7� ÆÇB\�Kz�>M>-²Á>-Jsr bMbdbMbdbMbAbMbdbMbdbMbdbMbdb oEw
:gfKo DGJ-Rgr]rt>-O]H~_`ZIDGB\^`O]J->-DQ�Àrt>-Fmpq>-O]Rgrt^`O]>MÈÉpqB\�KR\O]H~¬-R*rtHKB\_¶bMbdbdbdbMbdbMbdbMbdbMb o\i
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o �Sz�rt>-O=L|^`��rvH~pÁB\�K>M�¯Å°p`RE_`DGH~B\_ÊbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb o\�
o\fh: p`R\O]H�rËjq�'>-�K>-JsrtO]H~JMÈÉFIREZ\_`>srvH~JMFmB[a`>-DÃbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb o\�
o\fKo �~>-z�rV<`RE_`a«DGHKa`>MB\z4>-Ì[^`R*rtHKB\_`DG�lD7rvOG>-REFIHK_`Z�bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb oE�
o\fKe OGHKZ\<vrM<`R\_`a�DQHKa`>MBEz2>-ÌÍ^`RgrvH~B\_`DG�'DGB\^`O]Jv>dz�^`_`JsrtHKB\_`D bMbdbdbdbMbdbMbdbMbdbMb o\­
o\fKw J-B\Fmp`�~>srv>MDG>srVBEz4p`<`BgrvB\_mrvOGRE_`DGpqBEO7rd>-Ì[^`R*rtHKB\_`DÎbMbdbMbdbAbMbdbMbdbMbMbdbMb o\�

e ÏSHK>-OGREOGJY<`H~J-RE�4��rvOG^`Jsrv^`OG>AB\z4;2OGRE_`DGpqB\O�rM�§Ì[^`R*rtHKB\_`DÐbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMb e8:
e\fh: DGJ-R\�KR\OCFIB[a`>A<`H~>-OGREOGJY<vj bdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb e8:
e\fKo T?>-JsrtBEO'FmB[a`>d<`HK>-OGR\O]JY<tj bMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb eEo
e\fKe rt>-_`DGBEO'FmB[a`>d<`HK>-OGR\O]JY<tj bMbdbMbdbAbMbMbdbMbdbMbdbMbdbMbAbdbMbMbdbMbdbMbdb eEe

w ;2O]R\_`DGpqBEO7rd��Ì[^`RgrvH~BE_`DlB\z4�Wrt<`>-OC���~^`HKa`D%bAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb e\e
w\fh: �`R\O�j?B\_mrvOGRE_`DGpqB\O�rÑbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb e\e
w\fKo @CBE�~a«�ÒREOGXÓL|Rgr]rt>-OÔrtO]R\_`DGpÁB\O�rÊbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb eEw
w\fKe FIREDGDQ�K>-DGDS_?>-^�rvOGHK_`B\DCÈÐOG>-�KRgrvH�T°HKD7rtHKJMp`R\O�rtHKJ-�~>-D�rvOGRE_`DQpÁB\O�rÕbdbMbdbMbdbMbdbMb e\i
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: �`^`pq>-O]<`B\O]H~¬-BE_y�`J-R\�K>-�C�`R\JY<`D � ÆÇB\�Kz�>M�§²Á>-JsràbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdb eE�

:gfh: >-_trvOGBEp`H~JApq>-O7rv^`OG�`REOGHKB\_ábMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb e\­
:gfKo J-R\DG>Ó:*�CR\a`HKR\�`RgrvH~JÒH~_`H�rtHKR\�¯J-BE_`a`H�rvH~BE_ bdbMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMb e\�
:gfKe J-R\DG>doE�CH~DGB[J-^`O7TâR*rt^`O]>dHK_`H�rvH~RE�¨J-BE_`a`H�rvH~BE_ bdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb w\o

o �`^`�`<`B\O]H~¬-BE_y�`J-RE�~>-�C;CHKZ\<vrÎ@=B\^`p`�KH~_`ZcbdbMbAbdbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbdb w\e
o\fh: ³grv<«BEOGa`>-O]�'pÁ>-OGz�>-JsrMJ-BE^`p`�~HK_`ZNbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb w\e
o\fKo :�rv<«BEOGa`>-O]�'REJ-B\^`D7rvH~JdBEDGJ-H~�K�~R*rtHKB\_!ÈÉz�OGREFI>Aa`OGREZ\ZEH~_`ZÉbMbAbdbMbdbMbdbMbdbMb wEw
o\fKe o\_`a«B\O]a`>-OG�=a`H~²Á^`DGH~BE_!a`R\Fmp`H~_`Z bAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb w\�

e �`^`�`<`B\O]H~¬-BE_y�`J-RE�~>-�C�`B\�K^�rtHKB\_`DãbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb wE�
e\fh: R\J-BE^`D7rtH~JAB\DGJ-HK�~�KRgrvH~B\_ bMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb wE�
e\fKo z�O]R\FI>Aa`OGREZ\ZEH~_`Z bMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbdbMbMbdb iE³
e\fKe a`H~²Á^`DGH~BE_ya`REFIp`H~_`ZäbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdb i?:

w �SJ-BE^`D7rtHKJM�ADQJ-HK�~�KRgrvH~BE_`�'åA^`RE�~H�rtR*rtH�T?>d¡§HKJsrt^`O]>-D bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb i\o
w\fh: R\J-BE^`D7rtH~JAB\DGJ-HK�~�KRgrvH~B\_ bMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb iEo

wEf�:*f�: R\a`HKR\�`R*rtHKJdHK_`H�rvH~RE��J-B\_`a`H�rvH~BE_ bdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb iEw
wEf�:*f~o H~DGB[J-^`O�TâRgrv^`OG>AH~_`H�rvH~RE�¯J-B\_`a`H�rtHKB\_ bMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb i\�

w\fKo a`H~²Á^`DGH~BE_ya`REFIp`H~_`ZäbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdb iE�



H~HKH

i �8O]>->A��rvOG>-REFIHK_`ZnÈæ¡§O]B�çs>-JsrvH~BE_·bMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb i\�
i\fh: R\_`ZE^`�~REO=pqBQPk>-O'DGpq>-JsrtO]^`FuÈæJ-BEDQFmH~J=TâR\O]H~RE_`J->|bMbdbMbMbAbdbMbdbMbdbMbdbMb i\�
i\fKo z�O]>->dD7rtO]>-R\FmH~_`ZIDGB\�K^�rtHKB\_`DG�lzèOGBEFéÌ[^`R\�KH�rvRgrvH�T?>MpqBEH~_vrG�QBEz{� T°HK>sP bMbdbMbdbMbdb �E³
i\fKe z�O]>->dD7rtO]>-R\FmH~_`ZIDGB\�K^�rtHKB\_`DG�lJ-BEFIp`�K>srt>MDG>srMÈÉH~FIp`�KH~J-R*rtHKB\_`DêbMbdbMbdbMbdbMb �\i

iEf~eEf�: DGJ-Rgr]rt>-O]H~_`ZIB\O]H~ZEH~_`D·bMbdbAbMbdbMbdbMbdbMbMbdbMbAbdbMbdbMbdbMbdbMb �Ei
iEf~eEf~o Z\O]RQT°H�rtR*rtHKB\_`RE��B\O]H~ZEH~_`DëbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �Eo

i\fKw J-^`O7TâR*rt^`O]>d>-²Á>-Jsrt�CDG<`H~z�rtH~_`Zn�kB\p`p`�K>-O7�Q¡�>-R\XÍD§bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �E�
� �`FIRE�~�¯�`J-RE�~>A�§²Á>-JsrtDìbdbMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdbMbMbAbdbMbdbMbdbMbdbMb �\�

�\fh: DGFIRE�~�¯R\_`ZE�~>AR\p`p`O]BQÅ°H~FmRgrvH~BE_íbdbMbAbdbMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdb �\�
�\fKo �~>-_`DGHK_`ZÓ>-²Á>-Jsr bMbMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdb ­?:
�\fKe _`B\O]FIRE�~HK¬-RgrvH~BE_?îârvOGRE_`DGz�>-OCz�^`_`JsrtHKB\_`î¯ZEOGBQP=rt<yzèR\JsrvB\O=ÈÉ_`B\_��Q�KH~_`>-R\OC>-²Á>-Jsrêb ­\o

� ¡�B\�KR\O]H~¬-R*rtHKB\_ïbdbMbdbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbdb ­\i
�\fh: H~_vrt>-ZEOGRE�¯DQBE�~^�rvH~BE_`DébMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb ­\i
�\fKo OG>-HKB\_`HK¬-RgrvH~BE_ bMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb ­E�
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: Æ÷H~_`a`BQPø�8^`_`JsrvH~BE_ùbAbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMb �\³

:gfh: úG:*û=�`_`H�rv>d�q>-REFÒ�QDGHK¬->ùbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �?:
:gfKo ú7oEû=�`_`H�rv>d�`>-�Ka��YBEz{� T°HK>sPM�'DGJ-R\_yD7rvOGR*rt>-Z*j bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �Ee
:gfKe PkB\O]XE>-a!>sÅ°R\Fmp`�~>-DübdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �E�
:gfKw ú7eEû=�`_`H�rv>dDGR\Fmp`H~_`ZEî�ú�w\û=�`_`H�rt>A_`B\HKDQ>s�Q�K>sT?>-�ýbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �E­

o �§O]OGBEO=�§D7rvH~FmRgrtHKB\_ bAbdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbdbMb �E­
e �8BEOG>-ZEOGBE^`_`a`D·bdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbAbMbMbdbMbdbMbdbMbü:g³E³
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: �`pq>-JsrvOGRE�¯�ÒHKD7rtBEO7rtHKB\_übMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdbÑ:g³?:
o �`^`�`FIHK�~�KH~Fm>srt>-O'�k>]rv>-JsrtHKB\_«B\z?rt<`>A�`®¶�§²Á>-JsræbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbü:g³Eo
e ���~^`Jsrv^`RgrtHKB\_�B\z8rv<`>d�`®ä�§²Á>-Jsr bdbMbdbMbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g³Ew

#ußV& »Mº2Ö|(*)��4½?+-6�.Á)4½?,/Úýÿ235ÖÍ)2½`,/67. $\ö
	
: �Ë_`x`RgrvH~BE_`R\O�jä��Å°p`R\_`DGH~BE_ bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:*³\­

:gfh: DGJ-R\�KR\OC�`>-�~a¥bAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g³E­
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o åA^`R\_vrv^?F �AO]H~ZEH~_�B\z2¡�>-O7rv^`OG�`R*rtHKB\_`DàbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:\:*³
o\fh: a`>-_`DGH�rËjäpq>-O7rv^`OG�`R*rtHKB\_�ú7DGJ-R\�KR\OCFmBôa`>-ûïbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:E:\:
o\fKo Z\O]RQT°H�rtRgrvH~BE_`R\�ôPSRQT8> ú rt>-_`DGBEO'FmB[a`>-û%bMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMbü:\:*o
o\fKe Ì[^`R\_vrvH~¬-RgrvH~BE_ýbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:\:*o
o\fKw pqBQPk>-OCDGpq>-JsrvOG^`FuJ-R\�KJ-^`�~R*rtHKB\_!ÈÉ@CL|U bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:E:g�

e @=�~R\DGDGHKJ-R\�KH~¬-RgrvH~BE_ bMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:E:g�
w @=<?REBgrvH~JA�Ë_`x?R*rtHKB\_`REO7j±�`J->-_`R\O]H~B bMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:goE³

w\fh: FIREDGDÀrt>-O]FI��� ú�
qû�����
�����oùbdbMbAbMbdbMbdbMbdbMbdbMbdbAbMbMbdbMbdbMbdbMbü:go?:
w\fKo DG>-�~z2H~_vrt>-O]R\JsrvH~BE_`���£ú�
Áû�����
����Ew¥bdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:go?:

# �V& !y.8)2×�6�)26�×�½?ØCÜm.812¿2Ø�67)4Ù »Vº4Ö[.8,/Ú $\¸8¸
: �AO]H~Z\HK_`R\��ú#"5B\O]a`R\_`û=�8O]R\Fm>d�S_`RE��jqDQHKD bdbMbAbMbdbMbdbMbdbMbdbMbdbAbMbMbdbMbdbMbdbMbü:goEe

:gfh: �`R\JYX[ZEOGB\^`_`ay>-Ì[^`RgrvH~BE_`D bMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:goEe
:gfKo J�<`REBgrvH~JAH~_`x`R*rtH~BE_`���£ú�
qû$�%��
&���EwíbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:goEw

o @=B\_`z�BEOGFmR\��ú��§H~_`D7rv>-H~_`û'�8O]R\FI>A�S_`RE��j°DGHKDcbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:go\i
o\fh: J-B\_`z�BEOGFmR\�ôrvOGRE_`DGz�B\O]FIR*rtHKB\_IbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:go\i
o\fKo �`R\JYX[ZEOGB\^`_`ay>-Ì[^`RgrvH~BE_`D bMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:goE�

e ;2O]R\_`DGz�BEOGFIR*rtHKB\_`DCB\z4�`J-R\�KR\OC¡�>-O�rt^`OG�`R*rtHKB\_`D bMbMbdbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbü:goE­
e\fh: �~REp`DG>dz�^`_`JsrvH~BE_?��')(*( bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbAbMbMbdbMbdbMbdbMbü:goE­
e\fKo DG<`H~z{rCT?>-JsrtBEOG��')(,+NbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*o\�
e\fKe DGp`RgrvH~RE�¨Fm>srtO]H~J-��'-+/.'bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:go\�
e\fKw Z\>-BEFI>srvOGHKJ-R\�¯Ì[^`RE_trvH�rvH~>-D bdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:geE³
e\fKi Z\RE^`Z\>ÒH~_vTâREOGH~RE_vrtDÒbMbdbMbdbMbdbMbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:geE³

w �`J-R\�KR\OW¡Ô>-O�rt^`O]�`RgrvH~BE_�bdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*e8:
i ;2>-_`DGB\OC¡�>-O�rt^`O]�`RgrtHKB\_ bMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdbMbMbAbdbMbdbMbdbMbdbMbÑ:*e\o
� ;2>-_`DGB\O�0\�`J-RE�~REOC�lR*rtHKB bdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:geEo
� �`pq>-JsrvOGRE�¯��_`a`HKJ->-D bMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:geEe

�\fh: J-B\_`z�BEOGFmR\�ôrvOGRE_`DGz�B\O]FIR*rtHKB\_IbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:ge\e
�\fKo J-R\�KJ-^`�~R*rtHKB\_`DébdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbdbMbÑ:*e\w

1 2 3 »Vº4Ö 354 Ý 64.8,/×�½`Ø76�¾v× $\ðÁß
: L|>srtO]H~J bMbdbMbdbMbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*w\�
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o 7d>-BEFI>srvOGHKJ-R\�¯åA^`R\_vrtH�rtHK>-D!bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:gwE­
o\fh: _`B\O]FIRE�ôT?>-JsrtB\O'ÈÉp`OGB çs>-JsrtHKB\_Irv>-_`DGB\OVbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMbü:gwE­
o\fKo OGB*rtR*rtHKB\_`î�DG<`>-R\O]î¯>sÅ°p`R\_`DGHKB\_!ÈæR\J-J->-�K>-OGRgrvH~BE_øbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:*w\�
o\fKe >sÅ[rtO]H~_`DGHKJMJ-^`O7TôRgrt^`O]> bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*i\³

e ¦¨H~_`>-REOC¡�>-O7rv^`OG�`RgrvH~BE_`D bdbMbdbMbdbMbMbdbMbAbdbMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdbÑ:gi?:
e\fh: FI>srvOGHKJdpq>-O�rt^`O]�`RgrvH~BE_`DíbdbMbdbMbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:gi?:
e\fKo >sÅ[rtO]H~_`DGHKJMJ-^`O7TôRgrt^`O]>-î¨DQ<`>-REOCÈæ>sÅ°p`RE_`DGH~BE_ bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:giEo
e\fKe R\J-J->-�K>-OGR*rtHKB\_ÑbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*i\e

1 2 Þ ñ£,/+-º2.8)2.8,/×�½?Ø=»WÖÍ+-,/½?098ÓÖÍ¿2,/ÖÍ¾tÖÍ)�+-½?+-6�.Á) $\þ8ð
: ;2>srvOGREa¤bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:giEw
o 7d>-BEFI>srvOGHKJ-R\�¯åA^`R\_vrtH�rtHK>-D!bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:giEi

o\fh: Z\>-_`>-O]R\�¯>sÅ°p`O]>-DQDGHKB\_`DøbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:*i\i
o\fKo pq>-O�rt^`O]�`RgrtHKB\_`DêbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:gi\�

1 2 Ü »Mº2Ö|ÂS6�)2¾v+-Ö[6�)cÂSÄ�12½`+-67.8)2¾ $5þ
	
: �'H~>-FmR\_`_«;2>-_`DQBEOlbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:giE­
o �§HK_`D7rt>-HK_Irt>-_`DGBEO bMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*�\³

o\fh: Z\>-_`>-O]R\�¯>sÅ°p`O]>-DQDGHKB\_`DøbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:*�\³
o\fKo �`R\JYX[ZEOGB\^`_`a bdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�?:
o\fKe pq>-O�rt^`O]�`RgrtHKB\_`DêbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�8:

e ��rvOG>-DGD7�Q�§_`>-OGZ*j¶;2>-_`DGBEO�bdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbü:g�Eo
w �§HK_`D7rt>-HK_!>-Ì[^`RgrvH~BE_`D bMbdbMbdbMbdbMbdbMbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g�Ew

w\fh: �`R\JYX[ZEOGB\^`_`ay>-Ì[^`RgrvH~BE_`D bMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�Ew
w\fKo pq>-O�rt^`O]�q>-ay>-Ì[^`R*rtHKB\_`D bdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:*�\i

1 2 4 : ½?14ÙÁÖ $\ß8ß
: 7dRE^`Z\>Ò;2OGRE_`DGz�B\O]FIR*rtHKB\_ bdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�E�

:gfh: ¦¨H~>Aa`>vO]H�TôRgrvH�T?>íbdbMbdbMbdbMbdbMbdbAbMbMbdbMbdbMbdbMbdbMbAbdbMbMbdbMbdbMbdbÑ:*�\�
:gfKo Z\RE^`Z\>�rtO]R\_`DGz�BEOGFmRgrvH~BE_?�CFm>srtO]H~JdpÁ>-O7rv^`OG�`R*rtHKB\_`D bdbMbdbdbdbMbdbMbdbMbdbMbü:g�\�
:gfKe Z\RE^`Z\>�rtO]R\_`DGz�BEOGFmRgrvH~BE_?�CD7rtO]>-DGD7�Q>-_`>vO]Zgjäpq>-O�rt^`O]�`RgrvH~B\_`D�bAbdbMbdbMbdbMbdbMbÑ:*�\�
:gfKw Z\RE^`Z\>ÒH~_vTâREOGH~RE_`J-> bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�E³
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o �8REFIHK��jNB\z2¡�>-O7rv^`OG�`R*rtHKB\_`D bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*�\³
o\fh: DGJ-R\�KR\OCFIB[a`>ÐbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*�8:
o\fKo T?>-JsrtBEO'FmB[a`> bMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g�Ew
o\fKe rt>-_`DGBEO'FmB[a`>�bMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:*�\�

1 2 Â : ½`12Ù8ÖN(*)¯óô½?,/6�½`)�+I¹kÖÍ,/+-12,/ò2½`+-67.8)2¾ $)�
�
: �§ÌÍ^`RgrvH~BE_?D'B\z4L|BgrtHKB\_ bMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdbMbMbAbdbMbdbMbdbMbdbMbÑ:*�\�

:gfh: J-B\_vrtHK_[^`H�rËj�>-Ì[^`R*rtHKB\_ÐbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�E�
:gfKo �§^`�K>-O'>-ÌÍ^`RgrvH~BE_ bMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbü:g�E­

o �`J-R\�KR\O��QL|B[a?>Ò�§ÌÍ^`RgrvH~B\_`D!bdbMbdbMbdbMbdbMbAbdbMbMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMbü:g�E�
o\fh: ¡�B\HKDGDQBE_!>-Ì[^`R*rtHKB\_ bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g�E�
o\fKo a�j°_`R\FmH~J-RE�¨>vÌÍ^`RgrvH~BE_ bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g­E³
o\fKe FIBEFI>-_vrt^`FuJ-B\_`D7rvOGR\HK_vr bMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g­?:
o\fKw J-B\_vrtHK_[^`H�rËj�>-Ì[^`R*rtHKB\_ÐbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g­?:
o\fKi �§^`�K>-O'>-ÌÍ^`RgrvH~BE_ bMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbü:g­Eo

e ;'>-JsrtBEO7�QL|B[a`>d��Ì[^`RgrvH~BE_`D'bdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMbdbMbAbdbMbdbMbdbMbdbMbÑ:*­\e
e\fh: ¡�B\HKDGDQBE_!>-Ì[^`R*rtHKB\_ bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g­Ee
e\fKo a�j°_`R\FmH~J-RE�¨>vÌÍ^`RgrvH~BE_ bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g­Ew
e\fKe �§^`�K>-O'>-ÌÍ^`RgrvH~BE_ bMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbü:g­Ew

w ;2>-_`DGB\O��QL|Bôa`>A�§Ì[^`R*rtHKB\_`D bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g­\i
i �`^`FIFmR\O�jäBEz<7dR\^`ZE>d�Ë_vTâR\O]H~RE_trvD÷bdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*­\i

i\fh: DGJ-R\�KR\OCFIB[a`>ÐbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*­\i
i\fKo T?>-JsrtBEO'FmB[a`> bMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g­E�

1 2 6 »Vº4Ö|ÞÃ.8Ø7+>=5×�½`)2)¼»W,/½`)2¾v¿À.Á,t+IÂkÄ�14½?+-6�.Á) $)	
�
: �kH~D7rtO]H~�`^�rvH~BE_y�8^`_`JsrvH~BE_|bMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbü:g­E�

:gfh: H~_vTâREOGHKR\_vr'T?BE�~^`Fm>M>-�~>-Fm>-_trv�lJ-B[BEOGa`H~_`R*rt>ADGp`R\J->kbMbdbMbdbAbMbdbMbMbdbMbdbMbü:g­E­
:gfKo H~_vTâREOGHKR\_vr'T?BE�~^`Fm>M>-�~>-Fm>-_trv�lFmB\Fm>-_trv^`FÕDGp`R\J->ïbdbMbdbAbMbdbMbMbdbMbdbMbü:g­E�
:gfKe UWB\��rt¬-FmR\_`_«>-Ì[^`RgrvH~BE_`�'J-B[BEOGa`HK_`Rgrt>AOG>-p`O]>-DG>-_trvRgrtHKB\_ bdbAbMbdbMbdbMbMbdbMbü:g�E³
:gfKw UWB\��rt¬-FmR\_`_«>-Ì[^`RgrvH~BE_`�Àrv>srtO]R\a«OG>-p`OG>-DG>-_vrtR*rtHKB\_ÊbMbdbMbdbAbMbdbMbMbdbMbdbMbü:g�E³

o ;2>-Fmpq>-OGR*rt^`O]>M���~^`Jsrt^`R*rtHKB\_¶bMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*�8:
o\fh: rtO]R\_`DGpqBEO7rd>-ÌÍ^`RgrvH~B\_`�'J-B[B\O]a`H~_`R*rt>ÒOG>-p`O]>-DQ>-_vrtR*rtHKB\_ bdbMbAbdbMbdbMbdbMbMbdbÑ:*�8:



T°H~H

o\fKo rtO]R\_`DGpqBEO7rd>-ÌÍ^`RgrvH~B\_`�Àrt>srvOGREa«O]>-p`OG>-DG>-_vrtR*rtHKB\_·bMbdbMbdbMbAbdbMbdbMbMbdbMbdbÑ:*�\e
e �`REJ�<`D7� Æ�BE�~z�>A�§²Á>-JsrÎÈÉL|B\Fm>-_trv^`FÕ;2O]R\_`DGz�BEOGFmRgrvH~BE_ bMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*�\e

e\fh: p`<`BgrvB\_�>-_`>-OGZ*j¶ÈÉB\�`DG>-O7T?>-O bdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbÑ:*�\e
e\fKo B\�`DG>-O�T8>-OV:g�=_`BEOGFmR\�âT?>-JsrtBEO bdbMbAbdbMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdbÑ:g�Ew
e\fKe B\�`DG>-O�T8>-O'o\�=O]>-R\�KH~D7rvH~JMBE�`DQ>-O�T?>-O bMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g�E�
e\fKw R\_vjäBE�`DG>-O7T?>-OGDG�lFIB\Fm>-_trv^`FuDQp`REJ->MZ\RE^`Z\>�rtO]R\_`DGz�BEOGFmRgrvH~BE_ bdbMbdbMbdbMbü:g�E�
e\fKi �`^`FIFmR\O�j¶B\z4��Æ >-²Á>-JsrubMbdbMbMbAbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbÑ:g�E­

1 2 : ÿ435½?+-+-Ö[,t67)2Ù@?Ñ¹k.8Ø�½?,/6#=5½`+-67.8) ¸8ö8ö
: @=B\�~�KH~DGHKB\_«��_vrt>-ZEOGRE�àbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMbío\³E³

:gfh: H~_vTâREOGHKR\_`J->MBEz2J-BE�~�KH~DGHKB\_yHK_vrt>-Z\O]R\� bAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb¤oE³8:
:gfKo J-OGBEDGD'DG>-JsrtHKB\_·ú�>-�~>-JsrvOGB\_yOG>-D7rG�QzèOGREFI>-û¶bMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb¤o\³?:

o ¡�B\�KR\O]H~¬-R*rtHKB\_ïbdbMbdbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbdb¤o\³Ew
o\fh: ��rtBEXE>-Dlp`R\OGREFI>srv>-OGD§bMbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbdbMb¤oE³\w
o\fKo DGJ-Rgr]rt>-O]H~_`ZIFIR*rtO]H�Å°�BACúDC û=bdbMbdbMbAbdbMbdbMbdbMbdbMbMbdbAbMbdbMbdbMbdbMbdb¤o\³Ei
o\fKe p`<`R\DG>dFmRgrvOGH�Å°��ESú�FHGI
�J-KFHGLK
8û bdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbío\³\�

e �§_`>-O]Zgj±;2OGRE_`DGz�>-O£bdbAbMbdbMbdbMbMbdbMbdbMbAbdbMbdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMbío\³E­
1 2 M Ý÷14Ø7+-6�¿�.8Ø�Ö±ÂON�¿2½`)2¾v6�.8) ¸2$Á$

: L|B[a`>d�8^`_`JsrvH~BE_«HK_y���~R*rd�`p`R\J-> bMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb¤o?:\:
o L|B[a`>d�8^`_`JsrvH~BE_«HK_y@C^`O�T?>-a|�`p`R\J->NbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbío8:*o
e �'>-�~R*rtHKB\_`D'�Á>srËPk>->-_!L|B[a`>d�8^`_`JsrvH~BE_`DQ��P�QSRUT2ÈWV�RX bMbdbMbdbMbAbMbdbMbdbMbdbMbdb¤o?:go

1 2 ( M Ú�¿�ÖÍ, : Ö[.8×�ÖÍ+v,/6�35½`ØY6412)435+-67.8)2¾ ¸2$\9
: ¦¨>-Z\>-_`a`O]>d¡�BE��j°_`BEFIHK_`R\�KD±bdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb¤o?:ge

:gfh: ¦¨>-Z\>-_`a`O]>dz�^`_`JsrvH~B\_`��Z X ú\[¨û bMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbío8:*e
:gfKo Z\>-_`>-O]R\�KH~¬->-a!¦¨>-ZE>-_?a`O]>dzè^`_?JsrvH~BE_`��ZYRX±úD[4û'bdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb¤o?:gw

o �`p`H~_«ÏSREOGFmB\_`H~J-DG��]_^�RX ú�FHGI
ÁûVbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb¤o?:gw
o\fh: DGp`H~_��Q³!ú7DGp`<`>-O]H~J-RE�4<`REOGFmB\_`HKJvDGû]��^`RX�ú�FHGI
ÁûïbMbdbMbdbMbdbAbMbdbMbdbMbMbdbMbío8:*�
o\fKo DGp`H~_��QoE�Oa � ^�RX�ú�FHGI
Áû bdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb¤o?:g­

e UW>-DGDG>-�4�?^`_`JsrtHKB\_`��b X ú\[¨û bMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb¤o?:g�
w �`p`<`>-OGHKJ-R\�¯UW>-DGDG>-�2�?^`_`JsrtH~BE_`�dc X ú\[¨ûábMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbío8:*�
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1 2 e ÜI.8,/,/ÖÍ¾v¿À.Á)402Ö[)435ÖÍ¾ ¸8¸�$
: L|>srtO]H~JA¡�>-O7rt^`O]�`RgrvH~BE_`D÷bdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb¤o\o?:
o 7dRE^`Z\>Ò��_vTâREOGHKR\_vrtD bdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbío\o\o
e ;2>-Fmpq>-OGR*rt^`O]>M���~^`Jsrt^`R*rtHKB\_`DÕbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb¤o\oEo

1 2 f ¹dº�Ú�¾v673\½?ØY8ÓÖÍó�67Ö�g 4 þ�	�h2ö8¸89Áö8ö8ðji-$\õÁõ
	
k ¸8¸Á9
: �Ë_trvOGB[a`^`JsrvH~BE_�bMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb :
o UWREJ�X[ZEOGBE^`_`ay�Ë_`x`RgrvH~BE_`R\O�jä�`BE�~^�rvH~BE_`DVbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb o

o\fh: @C<`REBgrvH~JA��_`x`R*rtHKB\_y�vj±RIDQ>-�Kz�J-BE^`p`�~HK_`Z bdbMbdbMbMbdbMbdbAbMbdbMbdbMbdbMbMb e
o\fKo @C<`REBgrvH~JA��_`x`R*rtHKB\_y�vj±RIFIR\DGDÔrt>-OGF bdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb i

e ;=<?>A�`pq>-JsrvOG^`FuB\z<7=Æ÷D'ZE>-_`>-OGRgrv>-aya`^`O]H~_`ZÒrt<`>A�Ë_`x`RgrtHKB\_`REO7j±�¯Åqp`R\_`DGH~BE_ bMbMbdb �
e\fh: �'R\a`HKRgrvH�T?>d�`BE�~^�rvH~BE_`D'B\z2L|>srtO]H~Jd¡�>-O�rt^`O]�`RgrvH~BE_`D bMbdbMbAbMbdbMbdbMbdbMbdb �
e\fKo ;C<`>A�`pq>-JsrtO]^`FÕBEz<7=Æ÷DÊbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb �

w @=B\FIp`REOGHKDGB\_ÃÆÉH�rt<«�A�?DG>-O�TâRgrvH~BE_`DìbMbdbMbAbdbMbMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMb :\:
i @=B\_`J-�~^`DGHKB\_`DébdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb :gw

1 2 l ¹dº�Ú�¾v6�35½?ØY8ÓÖÍó�67Ö�g 4 þ8õ�h4ö8ß8ðÁö8¸8õmi-$5õ8õ8õ
k $\õ
: �Ë_trvOGB[a`^`JsrvH~BE_�bMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb :
o UWREJ�X[ZEOGBE^`_`ayHK_`x`RgrvH~B\_`REO7j±DGB\�K^�rtHKB\_`D�bdbMbAbdbMbMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMb e

o\fh: "5B\O]a`R\_�z�OGREFI>ADQBE�~^�rvH~BE_`D�bMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb e
o\fKo �§HK_`D rv>-H~_yz�OGREFI>ADQBE�~^�rvH~BE_`D%bdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb w

e �`J-R\�KR\OWpq>-O7rv^`OG�`R*rtHKB\_æbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbAbMbdbMbMbdbMbdbMb �
w ;2>-_`DGB\OCpÁ>-O7rv^`OG�`RgrvH~BE_ÓbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb �
i @=B\_`D7rtO]R\HK_trvDlz�OGBEF÷rt<`>AJ-B\DGFmH~JMFmH~J-O]BQPkRQT?>V�`R\JYX[Z\O]B\^`_`a bMbdbMbAbdbMbdbMbMbdbMbdb ­
� �`pq>-JsrvOGRE�¯��_`a`HKJ->-D bMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb �

�\fh: �`J-R\�KR\O=pÁ>-O7rv^`OG�`RgrvH~BE_ùbdbMbMbdbMbdbAbMbdbMbdbMbdbMbdbMbMbAbdbMbdbMbdbMbdbMb �
�\fKo ;2>-_`DGB\OCpq>-O�rt^`O]�`RgrvH~BE_ bdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb :*o

� @=B\_`J-�~^`DGHKB\_`DébdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMb :go
1 2 Ý 3 ¾v+-,/.8¿2º�Ú�¾v6�35½`Ø e .812,/)2½`Ø�h�þ�$\ß�h l $ni-$\õ8õÁõ
k $-�

: �Ë_trvOGB[a`^`JsrvH~BE_�bMbdbMbAbMbdbMbdbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb :
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o �A�`DG>-O7TâR*rtHKB\_áB\zÀrv<`>y�`^`_tj?R\>sTpoý®¯>-�K�~a`BQT°HKJ�<�>-²Á>-JsrmrtBQPSR\OGaý��qO"�:*e\wE�g�/:E:gw\i|Rgr
J-FIî¯FmFuRE_`ayDG^`�`FIFu�`RE_?a`DCbMbdbMbdbMbdbdbdbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb o
o\fh: rt<`>WrtREOGZE>srdJ-�~^`D7rt>-O'��qO"!:ge\wE�g�/:E:gwEiãbMbdbMbdbMbdbMbdbMbAbMbdbMbdbMbdbMbdb o
o\fKo o8:kRE_`aywEer7dÏS¬ÒRgrd©SBE�q>sj?REFIRnw\i*�QF÷rt>-�K>-DQJ-BEpq>�bdbMbdbdbdbMbdbMbdbMbdbMb o
o\fKe e\iE³r7dÏS¬ÒRgrs"5@=LN;`0\�`@`tSUW� bdbAbMbdbMbMbdbMbdbMbdbMbAbdbMbdbMbMbdbMbdb w
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Adiabatic Acoustic Oscillation
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��lknÆÅ�¸ � �b��hz�al Êf}�} Ï h × �~e � �gvxh Ë�}�� hk� � Ï
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� � Á��bvxtwhm��lk�aluhzv�eÂ� � l Êf}�} Ï h × �~e � �gvxh Ë�}�� hk� � Ê
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����r�twvx�wh × l Ê~} Ï Ë hoy$c��bl × c~eil Ð lk_at¡ei�gc��bl��bc � luhz������h Ê Ê~��}
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 ¡ ­ ] ® �9«¬_ Þ¿¾ � ] U ¢2' ½ _
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$ � � ü º Ã

­ ] ® �9«¬_�� ] U ¢2' ��_
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ð0ñ2ò æPó Þ Í Ý¯½ ] ½ � _��
ê�� � ] ¨ «¬_¨ « Ý � ]�÷�� Ï�� _

þJö$ô��|ô	� � ] ¨ «¬_ ��Ê±õ«Ê.�$ö$ô��.�(� õ�

�_ô Ê�ÊWô�
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ñ í Å�ò§O í�î Á ï Â ` õ�R/Ã í�î ñ�õ�õ ï RªH�OµH�Ãµò	ñIÅ�õ ` O�Â î	í Ã�ÂGõ î õ�÷8Ã5ò	õ ï ñÊñ/d�ñ�ÅKÃ ï í RKõ î ñbM�ÂqÃ5ò	õ�õ&Ã9Ã5ò	ñ '�Ù ñ/d�ñ�ÅKÃ�Þ
í ï Å�RKñ í Ä0R«H Á	ñ ` õ î ï Ã�Ä í Ã5ñ�Á^Â î [ Â�ö�õ�Ä0ñ � ¦�Æ�¦ «�ñKÃ í ÂKRGñ�Á í�î	í RªH ï Â ï Ã í ú2Â î ö í Å�Å�õ$õ î Ã�õ�÷�Ã5ò	õ ï ñ(Â ïNï õ	ñ ï
M�ÂKRGR�O�ñ;Ú�ÄIñ ï ñ î Ãµñ�Á ñ�R ï ñyM ò	ñ�ÄIñÁ� Ç õ `Aí Ã ï õ§ñKÃ í R ¦ ÞNÂ î Ú�Ä0ñ�Ú í Ä í Ã�ÂKõ î � ¦
z ñ§Ã5ò íPî ú�÷ í Â î ù õ$õ	R ï õ î ÞhF í Ä�ÂGõ Ç õ î õ íPî Á ' í Ãµõ�ú2Â � í Ã ï õ ï ò�Â/Ã í ÷ýõ�Äzú2Â î Á í ïIï Â ï Ã íPî Å�ñ`Á�õ�Ä�Â î ö£õ�õ�Ä

õPO ï ñ�ÄfódÂ î ö�Ä�õ î ï í Ã&\ ù � Ø Þ-F$õPO�ñ0H í!`;í Æ ô ó ` í�î Á�F$õPOùñyH í!`;í � ÂKRGR�Â ` ñKÃµñ�Ä : Ä�Ä í HtÞ´ÄIñ ï Úùñ�ÅKÃ�Âqó�ñ�R«H ¦
z ñ í R ï õ?Ãµò í�î úÃFQÂ�Å_ú Ø õÌÃµò�ÂKRGR�÷ýõ�Ä)Ú�ÄIõ1ó
Â�Á�Â î ö,Ã5ò	ñ=Å í R�ÂKO�Ä í Ã�ÂKõ î Á í Ã í ÷ýõ$Ä?õ$õ�Ä?õ�O ï ñ�ÄÈó í Ã�ÂKõ î Þ íPî Á
Ø Â ` \Cñ î	î ñ ïIï Þ�\CõPò î §�Â�Å�ò	ñ�Ä�ÞY§£ñ ` õ Ø ÂKR í�î õ ï íPî Á Ð õ�ñ�Ä í�î ' í�î Á	ñ�RGRY÷�õ�Ä `AíPî H5÷4Ä�õ�Â/Ã�÷ õ	RdÅ�õ `e` ñ î Ã ï
íPî Á ï õ�ö�ö�ñ ï Ã�ÂKõ î ï õ î Á í Ã í í�î	í RªH ï Â ï ódÂ í Ã5ò	ñ '�ù(7D8;: «b§ `Aí ÂKR�Â î öAR�Â ï Ã ¦�z ñ í Ä0ñ�ö$Ä í Ãµñ�÷4õ	R2Ãµõ :$¦ \ ¦
8 í Ä�ö�ñ�Ä´÷ýõ$Ä�Ú�Ä0õ1ódÂ�Á�Â î öxÃ5ò	ñ '�ù(7D8;: Á í Ã í õ$÷�xzõ2Å_ú `;í�î ó 5 õPRKñ�Þ&ÃµõD\CõPò î ù í ÄIR ï Ã�Ä0õ ` ÷ýõ$Ä©Â î ÷ýõ$Ä `Aí Ã�ÂGõ î
õ î Ã5ò�ñÁf�õ ö õ�÷7Ã5ò	ñ?Å�ñ î Ã�Ä í R ï õ�õ�Ä�Å�ñ í Ã Ï � ¦ ô Ð65$¥ Þ í�î Á5Ã5õ í�î­í�î õ î H ` õ$õ ï ÄIñ�÷�ñ�ÄIñ�ñP÷�õ�Ä ï ñKó�ñ�Ä í R
Å�Ä�Â/Ã�Â�Å í RpÅ�õ `e` ñ î Ã ïI¦ Ø ò	ñ�Ã�Ä í ó!ñ�R!õ�÷ _k¦ Ç ¦ Ã5õ 5 í M í Â�ÂPM í ï�ï õ�Ú�Úùõ$ÄÈÃ5ñ�Á(Â î Ú í ÄfÃmO5H ' í Ã�ÂKõ 5 í H í ú í M í
[ õ$õ î Á í Ã�ÂGõ î Â î Ã5ò	ñ :mï Ã�Ä0õ î õ ` Â�Å í R ' õ2Å�ÂGñKÃ�H=õ$÷C\ í Ú íPî ¦ Ø ¦ Ç ¦ í Å_ú î õNM RKñ�Á�öPñ ï~ï õ8Ú�Ú�õ�ÄfÃ`÷ ÄIõ ` í \ ' g '
��\ í Ú íPî ' õ2Å�ÂGñKÃ�H^÷ýõ$Ä�Ãµò	ñÂgAÄ0õ ` õ�Ã�ÂGõ î õ$÷ ' Å�ÂGñ î Å�ñ � ÷ýñ�RKRGõNM ï ò�Â�Ú ¦ Ø ò�Â ï Ä0ñ ï ñ í Ä�Å�ò¨M í ïÊï õ�Ú�Úùõ$ÄÈÃ5ñ�Á�Â î
Ú í ÄfÃ�O5H(Ãµò	ñ Ð Ä í�î Ã ï ó Â î ó : Â�Á�÷ýõ�Ä©Ãµò	ñ ù ñ î Ãµñ�Ä ó õ�÷ ó _ ö Å�ñ�RGRKñ î Å�ñ�� ù ¤ _ � §£ñ ï ñ í Ä�Å�ò³õ$÷�Ãµò	ñ � Â î Â ï Ã�Ä�H+õ�÷
_ Á�õ�Å í Ã�ÂKõ î Þ ' Å�ÂGñ î Å�ñ�Þ ' Úùõ$ÄÈÃ ï íPî Á ù õ	R/Ã�õ�Ä0ñ õ�÷V\ í Ú í�î Ã5õe§ _�'�ù�_X7 �sFmõ ¦�ã � ù�_�Ï�ã$ã�Ï � ¦



� ñ ò � :mï Ã�ÄIõ$Ú	òµH ï Â�Å í R�\Cõ�õ�Ä î	í R�Þ§ô�] à Þ�xT]e��] ���$� �

Ù�ÚDÛ�ÚDÙÜÚDÝ#ÞeÚ �
: RKRGñ î Þ '	¦¸z ¦ ] ��� � Þ � FD§ :D' Þ Ï$��à Þ ï �$Ï
: RKRGñ î Þ '	¦¸z ¦ ± [ í Ohß íPî Þ :$¦Yù�¦ ] �$� � Þ � FD§ :D' Þ Ï�� ��Þ�x§ô!�
: îhàhá ñ í�î ß�ÞYg ¦ ñãâ í R ¦ ] �$��à Þ :Dä \tÞYå�ô � Þ�x�å �
: îhàhá ñ í�î ß�ÞYg ¦ ñãâ í R ¦ ] �$��� Þ :Dä \tÞYß î ä á ñ ïIï � í ï â á õ ó ä ò�â � � ]!] ã$� ï!�
8 í�á öPñ á Þ :$¦ \ ¦ Þ ù õNM6ßGñ�Þ�x ¦ x ¦ Þ ' íPîhà ñ á ï Þ�« ¦·8b¦ Þ [ õ	R¿â5õ î Þ _k¦ Þ¾æ í�î ß�ö�õhç�òhß�Þ3è ¦ Þ ' í â5õ�Þ¤è ¦ Þ­é í M í�á0í Þ

é ¦ ±ð¤�úäõ à	í Þ 5m¦ ] �$� � Þ¾F í â�õ á ñ�Þ ï � å�Þ�ê!å �
8 ñ á â*ß î Þ _�¦ ± : á0î õ�õ�â ï Þ '	¦ ] �$��à Þ : ± :9' ÞT]!]r�$Þ ï � ï
8 ß á úëß î ï ò í M;Þ � ¦ ] �$��� Þ¾gkò5H ïI¦ §£ñ ä	¦ ÞYß î ä á ñ ïIï � í ï â á õ ó ä ò�â � � ã � ã ô ã �
ù õ îhà õ î Þ-\ ¦ \ ¦ Þ ù õrâ�âµõ î Þ zÜ¦ « ¦ ÞVì á ñ/ß ï ñ î Þ _k¦�z ¦ Þ­èÂß î Þ-í ¦Ö[E¦ ÞÖgEñ á RKñyHtÞH§ ¦�:m¦ Þ-æ í HXRKõ á Þ�ì ¦�8b¦

± 8 á õ à ñ á ßºç_úäÞV\ ¦ \ ¦ ] �$� � Þ : \tÞ�]!]�ô�ÞH] à�� ï
ù õ�õ áIí HtÞ :m¦ § ¦ Þ�ì á ñ�öPõ$Þ�x ¦ Þ 5 õ�R ¥ í ä ÷ýñ�R�Þ zÜ¦ x ¦ Þ�\CõNHäÞ � ¦ ± ù í!á R ï â á õ ` Þ-\ ¦-_k¦ ] ��� � Þ : \äÞ(]�]�ô$Þ

] ï ���
_ ç�ú í�á â�Þ :$¦ Þ 5 õ `e` ñ�R�Þ ù�¦�:$¦ ± z ß¿â ¥ ñ�R�Þ :m¦ ] � � � Þ � FD§ :D' Þ�ê ï � Þ ï � ]
_ à ö�ñ�Þ :$¦Nù�¦ Þz÷ ó¾ß ï õ î Þ�§ ¦ \ ¦Y' `Aí ßKR�Þ�÷ ¦ Þ 8 R í ß î Þ :$¦¿zÜ¦ Þz±¨é î ñ*ßKO�ÞY\ ¦ ó g ¦ ] �$��� Þ � FD§ :D' ÞYß î ä á ñ ïIï

� í ï â á õ ó ä ò�â ���$ã ê ã ï � �
[ í Ohß íPî Þ :$¦Nù�¦ ] �$� å$Þ : § : ± : Þ ï ê�Þ¾ê����
ìÊñ í�á Þ zÜ¦ é ¦ Þ�ñãâ í R ¦ ] �$� å$Þ � FD§ :D' Þ�ê à �$ÞH] à �
5 õ�RGR í�îhà Þ zÜ¦Ö'	¦ Þ ù õ î	î ß î öPò í!` Þ ù�¦ § ¦ Þ-ìÊñ í!á Þ zÜ¦ é ¦ ÞV\Cñ î�î ñ ïIï ÞHæ ¦ Þ-x í ß à R í M�Þ-é ¦ Þ-x�ß�ö�ò�â�÷ýõ�õrâ�Þ

\ ¦Y[~¦ ±¨§£õPO ï õ î Þ _�¦ ÷ ¦ ] ��� � Þ�g á õëç ¦(' gk÷ _ Þ ï�ï ô��$Þ ï ã ô
5 õ�R ¥ í ä ÷�ñ�R�Þ zÜ¦ x ¦ Þ : à ñ�Þ;g ¦º:m¦ § ¦ Þ ù òäõ á ç�ò�Þ '	¦À_k¦ Þ � í õ ï ú�õ ä ÷4Þ(g ¦ « ¦ Þ�§£ñ ä ò í ñ�Rºß�ÞÖè ¦ Þ z ßGRKO íPî ú ï Þ

æ ¦ � ¦ Þz±ªx í�î öPñ�Þ :m¦º_k¦ ] �$� �$Þ :Dä \tÞYå � ]�Þ ï ô
5 õ�öPò	ñ ï Þ�« ¦�5m¦ Þ�ñãâ í R ¦ ] �$� � Þ¾F í â�õ á ñ�Þ ï � å�Þ�ê!å·]
\Cñ î	î ñ ïNï ÞVæ ¦ ÞYxVß�öPò*â�÷�õ7õ�â�Þ�\ ¦�[E¦ ± 5 õPRKR í�îhà Þ zÜ¦Y'	¦ ] �$� � Þ¥g á õëç ¦(' gk÷ _ Þ ï$ï ô!��ÞYô!å �
\Cñ î	î ñ ïNï æ ¦ ±ªx�ß�ö�ò�â�÷ýõ�õ�â�Þ�\ ¦Y[~¦ ] ��� � Þ ' â í�á RÀß î ú 7$ï ñ á F$õrâ5ñ6ê·] àP¦ ï
\CõPò î ï âµõ î ÞYé ¦ \ ¦ ñãâ í R ¦ ] �$� ô�Þ : \tÞX]�] ã Þ �!� ã
é�õPO í H í ï òhß�Þ '	¦ Þ ' í ï í úëß�Þ '	¦ ± ' õ�âµõ�Þ¸è ¦ ] ���$à Þ1g :D' \tÞVå � Þ�xT] ã �



ï ¦ «Jß ï ç�õ ïNï ßKõ î �

x í�`Aí�á�á ñ�Þ�\ ¦ � ¦ Þ�ñãâ í R ¦ ] �$� � Þ :Dä \tÞNô ã �$Þ�x§ô
� í úëß î õ�ÞYF ¦ Þ ' í ï í ú3ß�Þ '	¦ ± ' õ�â5õ�ÞCè ¦ ] ��� � Þ :Dä \tÞYå � �$ÞYô�ô$ô
� í ç/ì6ßKRGRºßqó á0í HtÞ 5$¦ æ ¦ ± ' â5õPOhßKñ6§ ¦�'	¦ ] � � ô$Þ ð ß ï â í ï ß î :$ï â á õ î õ ` H
ÞVê!��Þ�å ï�ï
§£ñ ä ò í ñ�RÀß�Þ¸è ¦ ±¨x í ò í ódÞz¤ ¦ ] �$� ]ÌÞ :Dä \tÞ ï �!ê�Þ�ê�]
' ç_òhß îhà RGñ á Þ '	¦ ñãâ í R ¦ ] �$� ô$Þ : ± : ÞYê ��� Þ�x �
' ç_òhß îhà RGñ á Þ '	¦ Þ 5 í â�âµõ á ß�Þ � ¦ Þ�Fmñ�õ `;í�î	î ÞY« ¦ � ¦ ± 8EîõPò á ß î ö�ñ á Þ 5m¦ ] �$� �$Þ : ± : Þ ï ]r�$Þ à å à
' ßGRKú2ÞY\ ¦ ± z òhß¿â5ñ�Þ '	¦ « ¦ � ¦ ] � � � Þ :Dä \tÞYê�ê à Þ�xT] ã ï
' `;í ßGR�Þ�÷ ¦ Þ�÷ ó1ß ï õ î Þ�§ ¦ \ ¦ ± 8 R í ß î Þ :m¦¸zÜ¦ ] ��� ��Þ :Dä \tÞYå �$ã Þ�x§ô
' `;í ßGR�Þ�÷ ¦ Þ�÷ ó1ß ï õ î Þ�§ ¦ \ ¦ Þ 8 R í ß î Þ :m¦CzÜ¦ ±Õé î ñ/ßGO�ÞY\ ¦ ó g ¦ ] ��� � Þ :Dä \tÞNô ã ��Þ�x�ê�]
' õ î H í ñKódÞÖ§ ¦�:m¦ ±¨ï�ñ�RK¡ à õ1ó1ßÀç�ò�Þ·è í ¦(8b¦ ] � �!ê�Þ ù õ `a` ñ î â ï9:mï â á õ ä ò5H ïI¦D'hä í ç�ñEgkò5H ïI¦ ÞVå�ÞX]�� ï
' õ î H í ñKódÞÖ§ ¦�:m¦ ±¨ï�ñ�RK¡ à õ1ó1ßÀç�ò�Þ·è í ¦(8b¦ ] � � ã Þ � FD§ :D' ÞT] ��ã Þ�å·] ï
' õ�âµõ$Þ¸è ¦ Þ ' í ï í úëß�Þ '�¦ ± � í úëß î õ�ÞYF ¦ ] ��� � Þ :Dä \tÞNô ã�� ÞYô�å!å
è£õ ï òhßGú í M í Þ�é ¦ Þ�÷ðâ5õPò�Þ � ¦ ± ' õ�â5õ�Þ¸è ¦ ] ��� � Þ¾g :D' \tÞ§ô ã Þ�ê ã ï
è£õ ï òhßGú í M í Þ�é ¦ ± ' õ�â5õ�ÞCè ¦ ] ���$� Þ :9ä \äÞNô�] ï Þ � í�á ç_ò|] ã ß ïIï õ	ñ�Þ�ß î ä á ñ ïIï � í ï â á õ ó ä ò�â � � ] ã ê!å�� �
ï�ñ�RK¡ à õ1ó¾ßºç�ò8Þhè í ¦�8b¦ ± ' õ î H í ñ�ó
ÞÖ§ ¦�:m¦ ] ��à$� Þ :mï â á õ ä ò5H ïI¦9'hä í ç�ñ ¦9' ç/ß ¦ ÞYå�Þ ï ã ]



] ã ñ ò � :mï â á õ ä òµH ï ßºç í R�\Cõ�õ á0î	í R�Þ§ô�] à Þ�xT]e��] ���$� �

ú � ¦ ]Ìá ' õ `e`;í!á H+õ�÷�â5ò	ñÊOùñ ï â ó ü!â ä í!áIí!` ñãâ5ñ á ï í â ï ô ã ì 5m¥
� ï õ$õ á ç�ñ ï ' ï ä õ!ß î â ó ï õ�õ á ç�ñ6f�õ ö � ` \�H � « ù õ�ñ ï ñãâ � ` \�Hdâ�Oùñ í�` � á ñ à õhç�ñ à Ë �
Fmõ Fmõ � ¦ å å ¦�ã ï ¦�à
è£ñ ï Fmõ à�¦ ] ô ¦ ] ï ¦�à
Fmõ è£ñ ï ] ¦ ô ê ¦ � ã�¦ � ï
è£ñ ï è£ñ ï ã�¦ ê ï ¦ � ã�¦ � �



ï ¦ «Jß ï ç�õ ïNï ßKõ î ]!]

ò � ¦ ]ÌáD§ í�à ß í R�ß î â5ñ î ï ß¹â�H ä á õ�ü	RGñ(âµõNM í!á�à §£¢D\­] ï å!� í â~ê·]a��RGñ�÷óâ ä íPî ñ�R ï � í�îhà å ï � á ß�öPò*â ä í�î ñ�R ï �
ì 5m¥ õPO ï ñ á ó�ñ à í âeF9§b¤ ¦ xzõNM�ñ á ä íPî ñ�R ïÊï ò	õNMªâµò	ñ à	í â í ß î M òhßºç_òÁâµò	ñ ñ ï â*ß `Aí â5ñ à ç�õ î â á ßKO�õ�â�ßKõ î
õ�÷�â5ò	ñ6ç�ñ î â á0í R áIí!à ßGõ ï õ$õ á ç�ñ���] ï ¦ ï ` \5H í â6ê�]bì 5m¥ Þ í�îhà �P¦ ô ` \�H í â~å ï ì 5m¥Eä RGõrâ�âµñ à ß î ö á ñ�ñ î
à õrâ�âµñ à RÀß î ñ ï � ß ï£ï õ	O�â á0í çãâ5ñ à ¦9[ ßGRKRGñ à ç*ß á ç�RKñ ï ß îhà ßºç í â5ñ õ�õ á(à	í â í M6ß¿â5ò|]r<¶ñ á�á õ á ó O í�á ïI¦ §£ñ à ��O	R�õ	ñ �
ï õPRºß à Rºß î ñ ï ß î õ ähä ñ á ��RKõNM�ñ á � ä íPî ñ�R ï í!á ñ�â5ò	ñ ä á ñ à ßºçãâ�ßKõ î õ�÷ëâµò	ñ ï ß�ö î	í RCM~ß¹âµò��1M~ß¹âµò	õ$õ�â � âµò	ñ ä õ!ß î â
ï õ�õ á ç�ñ~ç�õ î â á ßGO�õ�â*ßGõ î õ ï ß î öJâ5ò	ñÊOùñ ï â ó ü�â ä í!áIí!` ñãâ5ñ á ï ß î â5ò	ñÊ¢ ó á0í H+õ�O ï ñ á ó í â�ßKõ î ¦



]rê ñ ò � :mï â á õ ä òµH ï ßºç í R�\Cõ�õ á0î	í R�Þ§ô�] à Þ�xT]e��] ���$� �

ò � ¦ ê$á 'hä ñ/çãâ á õ ` õ�÷­âµò	ñ~ç�ñ î â á0í R áIí!à ßKõ ï õ�õ á ç�ñ ¦ æ�ò	ñ à	í â í R í O�ñ�RGRKñ à F � : í�á ñ(â5ò	ñ í ó!ñ á0í ö�ñ8õ�÷
âµò	ñ á ñ ï õ	R¹â ï í â � ï ì 5$¥ íPîhà ] ã ôÂì 5m¥�¦



ï ¦ «Jß ï ç�õ ïNï ßKõ î ] ï

Lockman hole (Barger et al. 1998)

ò � ¦ ï�ô § í!à ß í R·ß î âµñ î ï ß¿â�H ä á õPü	RKñ�â5õNM í�á�à §£¢D\­] ï å�� í â ï ô!õ~ì 5m¥ õPO ï ñ á ó�ñ à³í âb\ ù � æ(ö '�ù(7D8;:m¦
¤ ä ñ î â á ß íPî ö�RGñ ï ��ü	RGRKñ à ç/ß á ç�RGñ ï � ß îhà ßÀç í â5ñ�õ�õ áØà	í â í M~ß¹âµò¦�1M~ß¹âµò	õ$õ�â � âµò	ñ�� ï�ä õ á ßKõ�õ ï&ï õ�õ á ç�ñ ï
à ñ ï ç á ßKOùñ à ß î â5ò	ñ{â5ñ ö â ¦ æ�ò	ñ ]r< ñ á�á õ á O í!á ï í!á ñ ï ò	õNM î õ î R«H�÷ýõ á âµò	ñ&R í â�â5ñ á ¦ «�õ�â�â5ñ à ç�õ á ó�ñ
ï ò	õNM ï âµò	ñtg 'h[ õ$÷�å ¦ ô ` \�H ï õ�õ á ç�ñ�M6ß¿â5ò�ê ¦ � ` \�H#« ù õ!d ï ñãâÂ� ï ñ�ñ�âµñ ö â�÷ýõ áTà ñãâ í ßKR � ¦(' õPRºß à ç�õ á ó�ñ ï
ä RGõ�âbâ5ò	ñ ' ï ä á õPü	RKñ ï ÷ á õ ` â5ò	ñAO�ñ ï â ó ü�â ä í!áIí!` ñãâ5ñ á ï ß î âµò	ñ ¢ ó áIí H©õ�O ï ñ á ó í â�ßKõ î+íPîhà âµò	ñ ä õ!ß î â ó
ï õ�õ á ç�ñaç�õ î â á ßKO�õ!â*ßGõ î M6ß¿â5ò �h� ô å � ô!÷ ï � ô�÷�] � ô í�îhà õ ` \�H¡�È÷ á õ ` âµõ ä â5õ�O�õrâ�â5õ ` � ¦Jz ñ í ähä RºßGñ à
âµò	ñ6ß à ñ î â�ßºç í R á ñ à õhçãâ*ßGõ î ä á õëç�ñ à õ á ñ(âµõJâµò	ñ~xzõëç�ú `;í�î ó ò	õPRKñ à	í â í � 8 í!á ö�ñ á ñãâ í R ¦ ] �$� � � ÷ í�îhà âµò	ñ
á ñ ï õ	R¹â ï í!á ñ ä RGõ�â�â5ñ à ß î ï `Aí RKR ï øäõ í�á ñ ï ÷ýõ áJá ñ�÷ýñ á ñ î ç�ñ#�øâ5ò	ñ³]r< ñ á�á õ á ß ï�ï `Aí RKRGñ á â5ò íPî âµò	ñ ï ß ¥ ñ;õ$÷
âµò	ñ ï H ` Oùõ�RVß¹â ï ñ�R�÷ � ¦



]rå ñ ò � :mï â á õ ä òµH ï ßºç í R�\Cõ�õ á0î	í Rº÷§ô�]rù!÷�xT]e��] ���$� �

ò � ¦ å ô ù õ î ü à ñ î ç�ñ�ç�õ î âµõ�õ á ï õ î âµò	ñ�ö í ï âµñ ` ä ñ á0í â�õ á ñ ,¸0 íPîhà âµò	ñaç�õ á ñ áIí!à ß�õ ï ��	 ÷ á õ ` âµò	ñ
' ï à	í â í²íPî	í R«H ï ß ï í ïIï õ ` ß î ö $ 
 ô ] � õ í�îhàÒú ô õ � ôz÷ýõ á9à ñ�ü î ß¿â5ñ î ñ ïNïI¦ æ�ò	ñÂç á õ ïIï ß îhà ßºç í â5ñ ï â5ò	ñ
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