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á*JMVhacfhâ�[Z`Iãt^�ä�acfWåG^Æ[GæMacfWL�fWç�EYacfW[GNèTREZd
`°^�^�NéE�D.EYæMfêFIVWHÑëGD9[\g�fWNMë*EYD9^�EÎfhNèLO[IFI^�D9Nè[GæIa9f�â
L�fWç�EYacfW[GN;ì®e&TM^�D9^O^�íIfWd�a�E�æMVW^�acTR[GD.EÒ[Gî@LO^�a9TM[IFMd�EGNRFèEYVWëG[GD9fhacTMLÆd_îÃ[GD�dc[GVWåKfhNMë�L3JMV�a9f�â
[G`Iãt^{ä�acfWåG^�[GæIa9fhLOfWç�E\a9fh[ZNÆæMD9[G`MVW^�LÆd�ìZe&TM^_L�^�acTM[IFMdpä�EGN)`°^"FIfWåbfêFI^{FOfhNÆatg@[Çä�E\ac^�ëG[ZDcfW^�d�ï
ð f�ñÏä�VWEZdcdcfWä�EYVMLO^�acTM[IFMdpg�TMfêä.T)JRdc^�FIfWDc^{ä�ap[ZDÏëZD9EZFIfh^�Nba�â�`REGdc^�F�LO^�a9TM[IFMd�îÃ[ZVhVW[\g�fWNMëÇdc[GLO^
LOEYacTM^�LÆE\acfêä�EGVKæMDcfWNRä�fhæMVW^�d EGNRF ð fhf�ñ�NM[ZNIâ�a9D9EZFIfhacfW[GNREGVZLO^�a9TM[IFMd#g�TMfêä.T�îÃ[ZVhVW[\gòdc[GLO^pN°E\a�â
JMD9EGV;[GD�æRTbHIdcfWä�EYV;æRDcfWNRä�fWæMVW^�d�ì�ó�î�acTM^�LÎXRacTM^Ç^�åG[ZVhJMacfW[GNREGDcHÆL3JMV�a9f�â�[G`Mãt^�ä�a9fhåZ^
[GæIa9fhLOfWç�EYâ
acfW[GN ð¾ô áÉóQñÔTREZdµ`�^�^�NÇëG^�acacfWNMë�ëGD9[\g�fWNMë�E\a�a9^�NbacfW[GN
[\åZ^�DÔa9TM^ÏæREZdta?FM^�ä�EZFI^Gì{e&TM^Ïä�VWEZdcdcf�õRâ
ä�E\a9fh[ZNÒfêd&EYVêd�[�EYæMæMD9[GæRDcfêE\a9^�îÃDc[ZLÖatgp[3[Ya9TM^�D&æ�^�D.d�æ�^�ä�acfWåG^�d�ìKe&TM^
ä�VêEGd9d�fêä�EGV°EYæRæMDc[bEGä.TM^{d
JRd�J°EYVWVhHéJ°d�^*FI^�ac^�D9LOfhNRfWd�acfêäÎacD.EYNRdcfhacfW[GNòD9JMVW^�d�X g�TM^�D9^�EZd�NM[GNIâ�acD.EGFMf�a9fh[ZNREYV�EYæRæMDc[bEGä.TM^{d
JRd�^3dta9[Kä.T°EGd�acfêä
DcJRVh^{d�ìRe&TR^�H*EYD9^�EYVêd�[)FMf�öÔ^�D9^�Nba�îÃD9[GL=^�EZä.T�[YacTR^�D�îÃD9[GL-EYNR[YacTR^�D�åKfha9EYV
ä�[GN°d�fêFI^�D.E\a9fh[ZN;ìZ÷pVêEGd9d�fêä�EGVIL�^�acTM[IFMdÏLO[Zd�acVWH3E\acac^�L�æMaÏac[�d9ä�EGVWEGDcfWç�^&L3JMV�a9fhæRVh^�[Z`Iãt^�ä�acfWåG^{d
EYNRF5æ°^�D�îÃ[ZDcL�D9^�æ�^�EYac^{F5EGæMæMVWfWä�E\acfW[GN°dÏa9[�õRNRFÎE�dc^�a�[Gî�C EYD9^�a9[Yâ�[GæIa9fhLÆEGV°dc[GVWJIacfW[GNRd�ìRó_N
acTM^@[Ya9TM^�D�TREYN°FµX ô áÉóøLO^�a9TM[IFMd#E\acac^�LOæIa�ac[�õRNRFÇLÇJMVhacfWæMVW^&C EGDc^�ac[Gâ�[ZæIacfWLÆEYVGdc[GVWJIacfW[GN°d
fhN*EOd�fWNMëZVh^
dcfhL3JMVWEYacfW[GNÎDcJRN;ì

ù�[\g@^�åG^�D�XMacTM^�Dc^�^�íIfWd�a"E)îÃ^�gúä�VêEGd9dcfWä�EYV;ëZ^�NM^�D9EYacfWNMë)LO^�a9TM[IFMd ð dta9[Iä.TREGd�acfêä�EYN°FÑFI^�â
ac^�D9LOfhNRfWd�acfêä�ñ@g�TMfêä.T�E\a�a9^�LOæIa�a9[OõRNRF5LÇJMVhacfWæMVW^�C EYD9^�ac[Gâ�[ZæIacfWLÆEYVÔd�[ZVhJMacfW[GNRd&fWN*E�dcfWNMëGVW^



d�fWLÇJMVêE\a9fh[ZN3D9JMN;X\åZ^�D9H
LÇJRä.TÆdcfhLOfWVWEGD�ac[QacTR^@g&E�H ô áÉóÁLO^�a9TM[IFMd g@[GD9U�ì���N�acTRfWd#æREGæ°^�D�X
gp^)æRDc^{d�^�NZaÇacTMD9^�^ÒdcJRä.TéEGVhëZ[GD9f�a9TMLÆdÇEYN°FèæMDc[\åKfêFI^)dcfhL3JMVWEYacfW[GN D9^�dcJMVha9d�[ZNéE*NKJMLÇ`�^�D
[Yî@atgp[*EYN°F a9TMD9^�^�â�[G`Mãt^�ä�a9fhåZ^O[GæIa9fhLOfWç�E\a9fh[ZNèæMDc[Z`MVW^�LÆd�ì��È^ÒEGVWdc[*ä�[GLOæREGDc^3acTR^�fWD�æ°^�D�â
îÃ[GD9LOEGNRä�^
g�fhacTÑEGN ô áÉóúLO^�acTR[KFM[GVW[GëGHÎEYNRF�JRNbåZ^�fWVµacTR^�æMD9[G`MVW^�L=ä�VêEGd9d�^{d&g�TM^�D9^
acTR^
ä�VêEGd9d�fêä�EGVMëG^�NM^�D.E\a9fhNMë
LO^�acTM[IFMdpEYD9^�`°^�a�a9^�DpEGNRFOa9TM^�æMD9[G`MVW^�LÖä�VêEGd9dc^�d g�TM^�Dc^�acTM^ ô áÉó
L�^�acTM[IFMdpTRE�åZ^�acTM^�fhDpNMfêä.TM^GìKe&TM^_d�acJ°FIHODc^�åG^�EGVWd#fWLOæ°[ZD�a.EYNbapfWNRdcfhëZTba9dÏEG`°[ZJIaÏa9TM^�g@[GD9Ubâ
fhNMë*[GîÏa9TM^)EYVWëG[ZDcfhacTMLÆd�Xµg�TMfêä.TÈä�EYNè`°^)ä�[GL3`MfhNR^�F ac[GëZ^�a9TM^�D
fWN E�TbHK`MD9fêF LÆEYNRNM^�DQa9[
FI^�åZ^�VW[Gæ�EYN�EYVWëG[GD9fhacTML,^�åG^�N5`�^�acac^�D�acTREGN5fWNRFIfWåKfWFIJ°EYV?EGVhëZ[GD9f�a9TMLÆd�ì
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� VhacTM[ZJMëGTOLO[Zd�aÏä�VêEGd9d�fêä�EGVIëG^�NM^�D.E\a9fhNMëQL3JMV�a9f�â�[G`Mãt^�ä�a9fhåZ^&[GæIa9fhLOfWç�E\a9fh[ZNOL�^�acTM[IFMd�JRd�^�EGN
f�a9^�D.E\acfWåG^Æd9ä�EGVWEGDcfWç�EYacfW[GN d9ä.TM^�LO^O[Yî�d�a9EYN°FMEYD.F æRDc[Iä�^{FIJMD9^�dQdcJRä.TÈEZdQgp^�fhëZTbac^�FIâ�dcJML [ZD
^�æRdcfhVW[GNMâ�ä�[GNRd�acD.EYfWNba�L�^�acTM[IFMd�� �! �XZg@^�TRE�åZ^�îÃ[GJMN°F)E\a@Vh^{EGd�aÏacTRDc^�^�ëG^�NM^�D.E\a9fhNMëÇL�^�acTM[IFMd
g�TMfWä.TèE\acac^�L�æMa"a9[ÎõRNRFÉLÇJMVhacfWæMVW^)C EYD9^�ac[Gâ�[ZæIacfWLÆEYV�d�[ZVhJIa9fh[ZNRd"fhNèEÎd�fWNMëGVW^Æd�fWLÇJRVWEYacfW[GN
DcJMN?ì���NÒa9TM^QîÃ[GVWVW[\g�fhNMëÆdcJM`Rdc^�ä�acfW[GNRd�XIgp^
FI^{dcä�DcfW`�^_a9TM^�dc^
LO^�a9TM[IFMd�ì
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� d�ac[Iä.TREZdta9fWä�LO^�acTM[IFÆîÃ[ZD�a9TM^"dc[GVWJIa9fh[ZN)[Yî;JMN°ä�[GN°dta9D9EGfhNM^{FOLÇJMVhacfhâ�[G`Iãt^{ä�acfWåG^_[GæIa9fhLOfWç�EYâ
acfW[GN)æMD9[G`RVh^�LOdpg&EGd�æRDc[Zæ°[bd�^{FÆ`KHÆSMä.T(FE!GÆ^�Dp^�a{ìKEGV�ì
� H! ÔfhNJILKLK�IIìZe&TR^�LO^�a9TM[IF)fêdp`°EGdc^�F
[GN�acTM^_d�[ZVhJIa9fh[ZNO[Yî;E
d�^�a�[Yî;d�ac[Iä.TREGd�acfêä�FIfhö�^�Dc^�NbacfêEYVM^>MZJ°E\acfW[GN°d�ìGe&TRfWd LO^�acTM[IFOD9^9MbJMfWDc^{d
acTM^Æ[Z`Iãt^�ä�acfWåG^�îÃJMNRä�acfW[GNRdQa9[�`°^Æatg�fêä�^Æä�[GNbacfWNKJM[GJRdcVWHZâ�FIfhö�^�Dc^�NbacfêEY`MVW^Gì
��a�LÆE�HÑ`�^ÆJRd�^{F
îÃ[GDÆa9TM^ ä�[ZLOæMJIa9EYacfW[GN�[Yî
EYVWV�[ZDÒEèVWEGDcëZ^�NbJRLÇ`�^�D)[GîQC EGDc^�ac[Yâ�[GæMacfWLOEGV�d�[ZVhJIa9fh[ZNRd�ìN��N
^�EGä.TÁfhac^�D.E\a9fh[ZN;X�EÈacD.EGä�^�[YîQNM[GNIâ�FI[ZL�fWNREYac^�Føæ�[GfWNZa.dÆfêd)ä�[ZNRdta9DcJ°ä�ac^{Fò`KHÁä�EYVêä�JRVWEYacfWNMë
E\a
^�EZä.T æ�[GfWNZaPO X®E5FIfWD9^�ä�a9fh[ZN ð	Q�RIð O®ñcñ_fhNÈacTR^OFM^�ä�fêdcfh[ZNÈdcæREGä�^Og�TMfWä.TÈfêd
E5FIfWD9^�ä�a9fh[ZN
[Yî�FI^{dcä�^�NbaÇîÃ[ZDTSVUWU�[G`Iãt^{ä�a9fhåZ^ÆîÃJMNRä�acfW[GNRd�ì�e&TR^ÎFIfWD9^�ä�a9fh[ZN [Yî_FM^�d9ä�^�NbaÇfêd3[G`Ia.EYfWNM^�F `KH
d�[ZVhåKfWNMë3EXMbJREGFID.E\a9fWä�d�JM`RæMDc[Z`MVW^�L�ìIe&TM^�îÃ[ZVhVW[\g�fWNMëÇfWNMfhacfêEYVÔå\EYVWJM^_æRDc[Z`MVh^�L ð �ZY"Cpñ�îÃ[GD&E
LÇJMVhacfhâ�[Z`Iãt^�ä�acfWåG^Q[GæMacfWL�fWç�EYacfW[GNÎæMD9[G`MVW^�L,fêd&a9TM^�N*dc^�a�JMæ;ï

[O]\ Q�RIð O ð_^ ñ�ña`bO ð KbñN\�O�cd`
g�TM^�D9^fe�cÆfêd
EÎd�a9EGD�a9fhNRëÎæ�[GfWNba�ì?e&TR^�NKJMLO^�Dcfêä�EGV�d�[ZVhJIa9fh[ZNÉ[GîÏa9TM^)EY`�[\åG^X�ZY_C ëGfWåG^{dQE
d�fWNMëGVW^&æ°[ZfhNbaÏg�TR^�D9^pa9TM^&õRD.dtacâ�[ZD9FM^�D#gp^{EYUÇC EGDc^�ac[Gâ�[ZæIacfWLÆEYVWf�atH�ä�[GNRFIfhacfW[GN°d EYD9^pîÃJRV�õRVWVW^�Fµì
� î�ac^�D
d�JRä.TÈEÒdc[GVWJIacfW[GN fWd"[G`Ma9EYfWNM^{FµX�E5d�^�a"[GîÏNM[ZNIâ�FM[GLOfhN°E\ac^{FÑdc[GVWJIacfW[GNRd_fêd�[Z`Ia9EGfhNM^{F
`bH�æ�^�DcacJMD9`MfWNMëéfha5JRdcfWNMëøE0g@D9[\g�NMfêEYN LO[Ya9fh[ZN�ä�[GN°ä�^�æMa�ì&e&TM^ÑîÃ[ZVhVW[\g�fhNRëòdta9[Iä.TREGd�acfêä
FIf�öÔ^�D9^�Nba9fWEGVµ^9MbJRE\a9fh[ZN5fêd�^�L�æRVh[\HZ^�FÒîÃ[GD&acTRfWd�æRJMDcæ�[Zdc^Gï

hdikj \ Q�RIð ikj ñ h ð_^ ñ(lnm hdopj ` i c�\�O7cL` ðrq ñ
g�TM^�D9^XmTstK�EGNRF opj fêd
EvuÔâ�FIfWLO^�NRdcfW[GNREGV�g@D9[\g�NMfêEYN LO[GacfW[GNÈTRE�åKfhNMë5acTR^3îÃ[ZVhVW[\g�fWNMë
æMDc[Zæ°^�D�a9fh^{d�ï
q ì�e&TM^
^�íIæ�^�ä�ac^�FÎå\EYVWJM^Qfêd�ç�^�Dc[°X
IIì�e&TM^�fWNRä�D9^�LO^�Nba.d o cbX ð opj%w Q opj_x ñ�X ð opj_y Q opj%w ñ®îÃ[GD ^�åG^�DcH ^ c ð \zKZñ|{ ^~} { ^r� {������
EYD9^
dta9[Kä.T°EGd�acfêä�EYVWVWHÆfhNRFM^�æ�^�NRFI^�Nba�XREGNRF



� ì��M[ZD@^�åG^�DcH��P{ ^ XKa9TM^QfhNRä�Dc^�LO^�Nba ð o�� Q opj ñpfWd&NM[ZDcLÆEGVhVWH)FIfêdta9DcfW`MJIa9^�F5g�f�a9T5LO^�EGN
^9MbJREGVÔac[Oç�^�Dc[OEYNRFÎE3å�EGDcfêEYN°ä�^"^9MbJREYVÔa9[ ð � Q ^ ñ��
	;XIg�TM^�D9^���	Òfêd�EXuÔâ�FIfWLO^�NRdcfW[GNREGV
fWFM^�NbacfhatHÒLÆE\a9Dcfhíµì

e&TbJ°d�XRd�a9EGD�a9fhNRë3îÃD9[GL=EYN�fWNMf�a9fWEGV®dc[GVWJIacfW[GN?XMEONbJRLÇ`�^�D�[Gî#dc[GVWJIacfW[GN°d�ä�[ZNbåZ^�D9ëGfWNMë3ac[OacTR^
^
�)ä�fW^�Nba#îÃDc[ZNbacfW^�D EYD9^p^�íIæ°^{ä�ac^{F�a9[Q`°^&ëG^�NM^�D.E\a9^�FÇ`bHQa9TMfêd æMD9[Kä�^�FIJRDc^Zì�e&TR^ Q�RIð i jtñ h ð_^ ñ
ac^�D9L fWN ô MbJREYacfW[GN q fWd acTM^�FM^�ac^�DcLOfWNMfêdta9fWä�FI^{dcä�^�NbaÏæREGD�a{X\g�TMfWVh^�a9TM^�g@D9[\g�NMfWEGNÇLO[Ya9fh[ZN
fWdÒacTM^ÈVW[Kä�EYV"D9EGNRFI[ZL dc^�EGD9ä.T�a9^�D9LÎì ��N2EGVhVQdcfhL3JMVWEYacfW[GNRd5TM^�Dc^ZXÏa9[ødc[GVWåG^Ña9TM^ÉEG`°[\åZ^
^9MbJRE\a9fh[ZN NKJMLO^�D9fêä�EYVWVWHGXÔgp^�^�LOæMVW[\H�acTR^ ô JMVW^�D�
 d"LO^�a9TM[IFµì;e&TM^ÆEYæMæRDc[bEGä.T*NM^�^�FMd"atg@[
æREYD.EYLO^�a9^�D.d a9[Ç`�^_dc^�apæRDc[Zæ°^�DcVWHÔï ð fêñ�acTM^_æREYD.EYLO^�ac^�D+m
g�TMfWä.T5ä�[GNba9Dc[ZVWd�acTM^"EYLO[GJMNba@[Yî
Vh[Iä�EGV;d�^{EYD.ä.TÒEYN°F ð fhf�ñpacTM^
d�ac^�æÎdcfhç�^�� JRdc^�F5fWNÒa9TM^ ô JMVW^�D�
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