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Â ÃÅÄ(Æ£ÇÉÈ Ê7Ë/ÌÎÍÐÏ ËÑÆ,Ò�Ó

®�s w�v afsÔ_bhrhÕ«b[Öcyxl_P\mª � v ¨ w�v a � hrs}~d~fep\=�UqÅs�°{ercfx	cyxms×cÁ_Phps}\�cf~}« v��m�¤v adcfkm\meocyepsu~}«�_P\m¨ter\=Ølkmsu\ � su~
cyxm_Pc{hpsu¨RqÅs±¨ v °{\5cfxmep~ � _Pcyx�¢

[`cyxl_b\=ª	q¿�µ_b¨ § er~ v au«&^Za vbw ¢� ¥_badª � hps}qÅs}\�cf~}« w�v a���kmer¨mep\m�±qÅsÔ_b\m¨�_Pc�cyxms{~y_Pqts×cyerqts
hps¼cfcfep\m�%qÅs	a v _bq w afs}sµc v s¼Ù � h v afs v�§ suaUcfxmsÅhg_b~ÚcWÛ��bsÜ_bad~}¢�ÝÔep~�~fk �=�9v aÚcÜ«Ös}\ �uv kmaf_b��s}qÅs}\�c}«
_b\m¨µ° v af¨m~ vbw afs �uv qÅqtsu\m¨l_Pcfe v \W°<s}ads1ep\ § _bhrkl_ � hrs�ep\ �¤v ep\�cyer\m�±qÅsÔer\	cyxmsÔafer��x�c�¨mepads � cfe v \H¢L[
_bhr~ v cfxl_b\mªµcyxms v cyxmsua�qÅs}q � s}ad~ vbw cfxms�afs}_b¨mer\m� �}v qtqÅercdcys}sP«=^Za vbw ¢m R_bafª�¬=¢ � ¢¯­�qteocyx�_P\m¨
^Za vbw ¢ �Öv qÞ®�_bad\7°<s}hrhÕ« w�v a�cyxmsuepa�cyepqÅsÔ_b\m¨�~dkm����su~dcfe v \m~u«=_P~<°<s}hph9_b~�­�cÁ_ � ��­ � x7kmhrcfß�_b\m¨�àU_Ü�
� ephp~Úcyaf_ �5w�v a v ad��_b\merß}ep\=�Åcfxmep\m�b~1s § s}aÚ�/~dcfs �Ñvbw cfxms�°�_Ü��¢±[�cfxl_b\mª¥¬�_bqÅs}~±á�hre § suafe v _b\=¨É�{¢
®�aÚ��_b\ � s v af�bs w�v a�cÁ_bª7ep\=�Wcyxms±cyerqts�c v ~fs}a § s�_b~ v k=cf~fep¨=sUqÅs}q � suaf~ vbw q¿� �uv qtqÅercdcysusb¢

[Z° v kmhr¨%_bhp~ v hperªbsFc v cyxl_P\mª���au¢ � s v ad��s w�v a v�� su\mep\=�Wk � ~fs § suay_bhjªPsu� vb�m�9v adcyk=\mercfeps}~
cyxm_Pc�~dxl_ � s}¨/q¿�5su¨mk � _2cye v \l_bhÖs¼Ù � suafers}\ � sb¢ � xms v��m�¤v adcfkm\merc]��c v s¼Ù�cfs}\m¨Ñxmer~1s}_bafhreps}a×° v afª
° v kmhp¨�\ v ctxl_ § s � s}s}\ �9v ~f~fe � hps�°{eocyx v k&ctx=ep~µq�_P\7�"suâ v adcf~Åc v h v �m� � v \�q¿� � s}xl_bh wFw�v a
ep\�cfs}af\=~fxme �/v��m�¤v adcfkm\meocyepsu~�_b\=¨/nl\l_b\ � eg_bhÖ~fk �m�9v adc w a v qã­=_b\m¨msuaf~u«j[]\ � ¢H_b\m¨ � s¼Ù=_b~±[]\m~Úcyafk�ä
qÅs}\�cy~u¢"­&k=qtqÅs}a¿° v adªås¼Ù � s}adeps}\ � s}~Å_Pc	cfxms}~ds �}v q � _b\=eps}~W_b\m¨æep\åcfxms5  v c v a v hg_/^`_b��ep\=�
^Za v ¨mk � cy~ � a v k � °<s}adsÅ_b\Ñep\ § _bhpkm_ � hps � _baÚc vbw q¿�Rs}¨mk � _Pcfe v \l_PhLs¼Ù � s}adeps}\ � sb«Ö_b\=¨Ñ[{cfxl_b\mª
qt_b\���«jep\ � hpk=¨mep\m� ¦ hg_b\�  � � afsusb«LàU_2cyx��É®�a v °{\H«L­7cys § s�®�_baf¨msu\mxl_b�bs}\�«`ç�_Pâ9s}aU Rsua � xl_P\7c}«
_b\m¨æsu~ � s � ep_bhpho�B�±_ § ep¨�  v af��_b\�_b\=¨�è1ep~fx7kBè�er~fx�°�_b\l_Pcfxl_b\ w�v a	q�_Pª�er\m�/cyx v ~fs%~fk=qtqÅs}ad~
° v adcfx7°{x=ephpsP¢

 %�W° v afª¿ads}hp_Pcysu¨Wc v cyséÙ�cdäêc v ä]~ � sus � xÅ~d��\�cyxmsu~fer~�° v kmhr¨µ\ v cZxl_ § s � s}su\ �9v ~d~fe � hps�°{eocyx&ä
v k=c<cyxms1xms}h ��vbw ¦ \m¨=afsu°�®�ads}s}\H«¯ RepªPs±�Z¨m��er\m�bc v \�«=_P\m¨�cyxms1afs}~Úc vbw cfxms�­ � s}s � x¥­7�&\�cfxms}~dep~
_b\m¨ ¦ \m_bhr��~fer~ � a v k � _PcÔ®�adercyer~fx � s}hrs �}v qR¢�[�su~ � s � eg_bhrhr�Åcyxl_b\=ª�cyxmsuq w�v a v \ms vbw cyx=s�q v ~dc



§

w afk=erc w k=h9q v \�cyxm~ vbw q¿�t��ay_b¨=kl_Pcys � _bads}sua×¨mkmafer\m�Wq¿� § ep~derc�ep\���s � s}q � sua ����� Û�«=_b\=¨ w�v a�cyx=s
km~ds vbw cyx=s¿ëíìjîEïjðlìmñjðåòuòÔ~ vbw c]°�_PafsUep\�q¿��° v adª¤¢

� x=s{° v adªWafsuhg_Pcfs}¨Wc v ~dep\m�bep\m�±~Ú�&\�cfxms}~dep~Z° v kmhp¨µ\ v c�xm_ § s � sus}\ �9v ~f~fe � hps<°{ercyx v k=cZcyx=s
xl_bad¨¿° v afª vbw¤ó s}~dhpers�¬bsu\m~fsu\&ä ó ep\=ª¤«P°{x v ~fs�qWkm~fe � _bh�cy_bhpsu\7cL_b\m¨¿~ vbw c]°�_bafs�¨ms § s}h vb� qtsu\�cY~fª7erhphp~
°<s}afs�_b\åer\m¨mer~ � s}\m~de � hrs �}v \�cyade � k&cye v \�c v cfxmst� v _bh vbw q�_bª7er\m�¥_ �}v q � k&cys}a � a v ��ay_Pqôcyxl_2c
�}v kmhp¨�~dep\m�Éõdi¯a}ös}ads�¬�_ � |7kmsu~f÷t_b~�°<s}hrhj_b~�xmsua�x7km~ � _b\m¨¥ ¥_Pcfcfxmsu°�¢ � xl_P\mª7~{c v  ¥_Pcdcyxms¼° w�v a
ø qÅep~yùÚkm~ds vbw xmer~ §�v e � sb¢íá�\t_Uads}hp_Pcysu¨t\ v cysb«7cyxm_b\mª7~<� v c v i¯_Ü�t­=_bh § _Pay_b~�_b\=¨�zÔà� T­�cfkm¨me v ~
_b\m¨ � hps}\5 R_Pcykmh vµvbw á�a � xl_b\¥­�cyk=¨me v	w�v a×xmsuh � ep\%��su\ms}af_Pcyer\m�µ~fhre � ª�ä]~ v km\m¨mer\m�µ¨ms}q v ~u¢

[Wcfxl_b\mª�~fs § suay_bh � a vbw su~f~de v \l_Ph �uv \�cÁ_ � cy~}«{er\ � hrkm¨mep\=�å��ad~}¢ �`v q ú�kl_PcfepsuafeÔ_b\m¨,® v �
  � ¦ kmhp_�� vbw  R[ �ôó er\ �}v hr\ ó _ � v ay_Pc v ad� w�v a�¨mer~ � km~f~de v \m~ v \,~dep\7km~ v ep¨l_Ph�q v ¨msuhpep\=� ø _P\m¨
h v km¨�_ �}�}v af¨me v \m~Áùéûm_b\=¨���a}¢�¬ v xm\�¡�s}~dcfs}adªP_Pq �tvbw cyx=s�üF\=e § suaf~derc]� vbw �±_Ü�7c v \ w�v aíep\m~ � epadep\m�
qÅsWc v%� kmad~fkmsÅ��ay_P¨mkl_PcfsÅsu¨mk � _Pcye v \Éep\É¨mep�bercÁ_Ph`~dep��\l_Ph � a v�� su~f~dep\m�m¢Å��sus � s}~dc�_ �=� afs � eg_2cye v \
� v s}~1c v ^Za vbw ¢Hz v \ � v hps vPw cfxmsÅá�afsu� v \ � ay_b¨mkm_Pcys�[]\m~dcfercyk&cys w�v aFxmep~�s¼â v adcy~Fc v�v�� s}\Ñcyx=s
¨ v�v a�c v cfxms�s¼Ù � eocyep\=� w k&cykmads�cfxl_Pc{hreps}~ � s w�v afs±qÅsb¢

á�\µ_ � s}ad~ v \l_Ph=hps § suhÕ«�[j° v kmhp¨	hrepªPs<c v cfxl_b\mªUqt_b\��¿q v afs � s v�� hrs�cyxl_P\	[ � _b\	hper~dc`xms}ads
ø � k=cÖ[Áýþhrh�cyad�=ùé©Öq�� � _bads}\�cy~u« � a v ýÿ® v � «P_b\m¨Us¼Ù�cysu\m¨msu¨ w _bqterhr�b« w�v ajcyxmsuepaEh v�§ sb«2\�k=adcyk=afep\=�m«b_P\m¨
\ v \�ä]~dc v�� ~dk �m�¤v adc�cfxma v km��x v k&c×q¿�µ°{x v hrs1hpe w sbû�q¿��� v cyxmsua � a v cyxmsuaf~}ý�cyxms w _ � kmh v km~�ÝF_b\m\msu~
� v ��~uû×q�_b\�� ¦ cfhg_b\�cy_ w adepsu\m¨m~}«íep\ � hpk=¨mep\m�Éà±suhphr��� v�§ _bª¯«×¬bs}_b\m\ms5®�k � ª¤« � _Peph�� ¦ \m¨madsu°
á1°�su\m~}«Ö R_bafª¥¬ v \msu~�� à�eocfc]�¥­�°�_bep\H«�_b\m¨��
	���
�û�_b\=¨ w afers}\m¨m~ w a v qT��­=^ � a v k � ~ � _b~Úc
_b\m¨ � ads}~fsu\�cÜ«¯ep\ � hpkm¨=ep\m� ¦ hps¼Ù��F^ v cy_bqÅeg_b\ v ~}«mÝF_bhpk=ª ¦ ��¨mer\ v ��hrk�«l¬bs¼â�­ � x v ¨ v a w «¤¬ v \l_Pcyxm_b\
­&k�«& ¥_2c�ÝF_b\m~u«=­7cys § s�à v � v \�«��pºÁ¾��é¹��º¼¹yºÁ¾ ¦ afa v ° v&v ¨�«��±_b\Å��ay_Pªbsb«�zÔ_bqJzÔ_ v « � afsu�¿­�qteocyx�«
� _bay_bhr¨ � a v \m\msu~}« �Öv q � _baf¨ v ~}«¯_b\m¨%qt_b\�� v cfxms}ad~}¢

i`ep\l_bhrhr�b«9hp_b~dc v \/cyxmer~ � _b�bs � k=c�nmaf~dc�er\/q¿�¥xmsÜ_baÚcÜ« ¦ q¿�/çHs �m� äê~ v�v \&äÕc v ä � séäÚ ¥_ �uv \�«
 �¢þ�W¢r« w�v aíxmsuh � er\m��q�_bªPsFq��	¨mafs}_bqÅ~ �uv qts×cfafkms{°{ercfxtxmsua<k=\7°�_ § suafep\=�W~fk �=�9v aÚcÜ«�h v�§ sP«=_P\m¨
_Pâ9s � cye v \�¢
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J K5L 9NM�68OQPR0S9 K 6 L J
� ¢ � � s¼Ù�cdäÕc v ä ­ � sus � x/­���\7cfxms}~dep~Å¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ �
� ¢UT ­&er\�k=~ v er¨l_bhE  v ¨msuhpep\=� ¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ V
� ¢XW z{s}~fs}_ba � x/á § s}a § epsu° ¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ Û

Y Z �[0S\^]�M[6_P L O `
T&¢ � ­&er\�k=~ v er¨l_bhE  v ¨msuhpep\=� ¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ a

T&¢ � ¢ � � xmsW  � ¦ k=hg_Ü�>b�ú�kl_Pcyers}adeE  v ¨ms}h�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ a
T&¢ � ¢cT � xms ¦ \l_bho�&~dep~ ä � ��äÚ­���\�cyxmsu~fer~db�á § suafhp_ � ä ¦ ¨m¨Ñ  v ¨msuhÉ¢�¢U¢�¢�¢U¢�¢U¢U¢ ���
T&¢ � ¢UW ÝÔ� � afer¨/­�ep\7km~ v ep¨l_bhebf� v ep~fs�  v ¨ms}hr~ ¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ �2g

T&¢UT � s¼Ù�cdäÕc v ä ­ � sus � x/­���\7cfxms}~dep~Å¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ T �
T&¢UT&¢ � � séÙ&c ¦ \m_bhr��~fer~�¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ T �
T&¢UT&¢cT ^�a v ~ v ¨=� � s}\msuay_Pcfe v \ ¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ ThV
T&¢UT&¢UWÞ¡"_ § s w�v afqT­7�&\�cfxms}~dep~ ¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ T g



T&¢UT&¢XV � v \ � _2cys}\m_Pcye v \&ä ®�_b~fsu¨/­���\�cyx=s}~fer~Ð¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ Wji

k � LlK5mon M[6Np�q�OrF K5L PRF
6 K Os� 3 m 6_O�q 3 kut
W=¢ � á § suafhg_ � ä ¦ ¨m¨/­�ep\7km~ v ep¨l_bhj­ � sus � x/  v ¨=ern � _Pcye v \�¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ W g

W=¢ � ¢ � i¯ads}|7kmsu\ � ��äÚ­ � _bhrs¿_b\=¨ � erqtséäÚ­ � _bhps�  v ¨meon � _2cye v \ ¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ W g
W=¢ � ¢cT �YÙ � ercÁ_2cye v \¥  v ¨meon � _2cye v \ ¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ VvW
W=¢ � ¢UW � epqÅs¼ä � v q�_ber\�[]\�cysua � adsucy_Pcye v \ ¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ VjV

W=¢UT � v q � su\m~y_2cye v \ w�v aÔ  v ¨=kmhg_Pcfe v \%�Yâ9s � cy~�¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ Ûfi
W=¢XW ^Zxl_b~ds¿��eocyxmsuafep\=��¢�¢�¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ Û �

W=¢XW=¢ � ^�xm_b~fs�zF_P\m¨ v qÅepß}_Pcye v \%­���\�cyxmsu~fer~ ¦ hp� v adercfxmq ¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ Ûja
W=¢XW=¢cT ¦ \l_bho��~fep~ ¦ hp� v adercfxmq ¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � V
W=¢XW=¢UW zÔsu~fkmhocy~ ¢U¢�¢�¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � a

W=¢wV ^Zerc � x¥^Zkmhr~fs�á�\m~fs¼c � erqts±�Z~Úcyepqt_Pcfe v \Ð¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ ���
x 9Nqzy�9|{}986~{�F n qzqN0~� F�� L 9S�^qNF K F�PRF K�L ]l�lF K�L P�F
6 K Os� 3

m 6_O�q 3 `H�
Vm¢ � á § sua § eps¼° vbw  Rsucfx v ¨ ¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ a �

Vm¢ � ¢ � ó _Pkmafs}_Pcys �×� ­¥­7�&~Úcysuq w a v q ®�afeocyep~dx � suhps �uv q ¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ a �
Vm¢ � ¢cT ­&ep\7km~ v ep¨l_PhE  v ¨ms}hÖ­���\�cyx=s}~fer~�  v ¨mk=hps¿¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ aja

Vm¢UT üF\=erc:� v afqt_bhperßÜ_Pcfe v \�¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g=�
Vm¢UT&¢ � è v e � ep\m�µ��s � ep~de v \5üÔ~fep\=��­�ep\7km~ v ep¨l_bh�^L_baf_bqts¼cysuaf~Ñ¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g W

Vm¢XW ® v k=\m¨l_baÚ�R­&q v�v cfxmep\m�å¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g��
Vm¢XW=¢ � � _ber\5­&q v&v cfxmep\=� ¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g��
Vm¢XW=¢cT ­ � s � cfay_bhÖ­&q v�v cyxmer\m� ¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ gjg

Vm¢wV ^Za v ~ v ¨&�R  v ¨=ern � _Pcye v \É¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ �=�
Vm¢ Û ^Zerc � x¥^Zkmhr~fs ¦ hrep��\mqÅs}\�c£¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � T

Vm¢ Û&¢ � � v \�cyep\7k v km~�­ � sus � x � _P~fs5¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � T
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W=¢ � ^Zxmay_P~fs}~5km~ds}¨$ep\,~fk � � s � cye § s �uv q � _bafer~ v \Ðcfs}~Úc vbw¿� xl_b~fsÉaf_b\m¨ v qÅepß}_Pcye v \
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W=¢ � Û �YâHs � c vbw ep\ �uv afads � c §bv e � ep\m�µ¨ms � er~fe v \ v \R��h v cfcy_bh¤~dc vb� ¢`¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ ���
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Vm¢UT ­&er\�k=~ v er¨l_bh�q v ¨=s}h�~Ú�&\�cfxms}~dep~�_Php� v adercfxmqR¢Ö¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g i
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qts¼cyx v ¨�¢,¢U¢�¢U¢U¢�¢�¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g��

Vm¢ � ­&x v adcdäÕcyerqts�su\ms}ad�b�%~fq v�v cyxmer\m�m¢�¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ g a
Vm¢Ua � s � ~dcyaf_bhEs}\ § suh v�� sU~fq v&v cfxmep\=�m¢£¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � i
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Vm¢ � ^Zerc � x � k=hp~fsU_bhrep��\=qtsu\7c×_ w cysua×q v ¨mern � _Pcfe v \�¢±¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � W
Vm¢ � iJ­&k ��� s � cfe § s �}v q � _Pafep~ v \�afsu~ �¤v \m~ds}~ � ��~ds}\�cysu\ � sP¢ô¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � ifi
Vm¢ ��� ÝFer~dc v ��ay_Pqt~ vbw hpep~Úcysu\ms}a � afs w s}afsu\ � s w�v a`~fer\�k=~ v er¨l_bh=qÅsucfx v ¨ ø _�ù � �¿~fsu\7cfs}\ � s
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Û&¢wV ��s � ep~de v \�cyads}s w�v a � x v \msuqtsu~ � afs � s}¨msu¨ � �%_b\5_bhrafsÜ_P¨=��ä � x v ~ds}\5¨me � x v \ms v a
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cyade � x v \msb¢Z¢U¢�¢U¢U¢�¢�¢U¢�¢U¢�¢U¢U¢�¢U¢�¢U¢�¢�¢U¢U¢�¢U¢�¢U¢U¢�¢U¢�¢�¢U¢�¢U¢U¢ � T �
Û&¢ � � ay_b\m~dercfe v \%qt_PcyadeoÙ w�v a{_bhph �9v ~f~fe � hps±k=\merc³²�km\meoc �}v q � ep\l_2cye v \m~}¢Ö¢�¢�¢U¢�¢U¢U¢ � Tfa
Û&¢Ua ­ � s � cyay_PhEcfephoc�q v ¨meon � _2cye v \�_b~Ô_ w km\ � cfe v \ vbwÖw afsu|7kms}\ � �R_b\m¨ � _bay_Pqts¼cys}a�´+µc¶&¢ � W �
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[]\�cyxmer~�afsu~fs}_ba � x�«mcfxms�_ �m� hpe � _Pcye v \ vPw cfxms|¹1»¤¸f� ¶�¾�ºp¾�»½¼}¶h»¾�¯¶2»l½/¿lºÁ¾�ºp¾ÁÀG	�Âbº¼¹��o¸¼·+»$¹ÔÀ�ÀF~dep\7km~ v ep¨l_bh
q v ¨msuh�c v ~d��\�cyxmsu~fep~ vbw ~ � sus � xÉ_b\m¨R~fer\m��ep\=� §bv e � s�er~Ôer\ § s}~Úcyer��_Pcysu¨�«9_b\m¨/_Å~fs¼c vbw � _b~fe � séÙ7ä
cysu\m~fe v \m~Ô_b\m¨5epq � a vÿ§ s}qÅs}\�cy~ vbw cyx=s � _ � _ � ephpeocyers}~ vPw cfxms�q v ¨ms}h�_bafs±¨ms § suh v�� s}¨�¢<iLeraf~dc}«=cyx=s
_ �m� hpe � _Pcye v \ vbw cyxms5q v ¨msuh�c v��}v \ � _Pcysu\l_Pcfe v \&ä � _b~ds}¨�cfs¼Ù�cdäÕc v äê~ � s}s � x ø �×� ­mù	~d��\�cyx=s}~fer~�er~
¨msu~ � ade � s}¨�¢Ô 5sucyx v ¨m~ w�v a �}v \ � _Pcfs}\l_Pcfep\m�t~fsu��qtsu\�cy~1séÙ�cyay_ � cysu¨ w a v q?_ �uv a � k=~ vbw afs �uv af¨=s}¨
~ � s}s � x	_bads � afsu~fs}\�cfs}¨�«�_P\m¨ � xm_bhphrs}\m��su~Ö_b~f~ v&� eg_Pcfs}¨�°{ercyx�ads}q vÿ§ er\m� � sua � s � cye � hpsZqÅep~dq�_2c � xmsu~
ep\5cyerqts£b w afsu|�k=s}\ � �R~Úcyadk � cfkmafs	_Pa v km\=¨Rcyx=s¿~fsu��qÅs}\�c � v km\m¨m_bafers}~F_bafs�ep¨msu\7cfernlsu¨�¢F Rsucfx v ¨m~
w�v a�~fq v�v cyxmer\m��cyxmst~fer��\l_bhZ\ms}_ba�cyxmsu~fs � v km\=¨l_bafers}~Ukm~fer\m�RcfxmsÅ~fep\7km~ v ep¨m_bh�q v ¨ms}h�_Pafs � afséä
~fsu\�cys}¨H¢ � xmsÅepq � hpsuqtsu\7cy_Pcye v \ vbw cyx=ep~�q v ¨msuhL°{ercfxmep\�_ �}v qÅqtsua � eg_bh �×� ­�~d��~dcfs}q ~fsua § s}~
_b~t_�ads}~dsÜ_ba � x�cysu~dc � s}¨H¢,zÔsu~fkmhocy~ vbw _ �uv q � _bafer~ v \ � s¼c]°�sus}\�cfxms5\msu°?qÅsucfx v ¨�_b\=¨�cyx=s
�}v qtq v \mho�7äêkm~fsu¨Ã
Äº ½ÁÅd¿ »¾�¯¶P»�Åd¿�¹y³2»H³�Æ�¾_	�Âbº¼¹Ç�o¸¼·R¹FÀ�À ø ^í­má ó ¦ ù×qts¼cyx v ¨Rer\m¨me � _Pcfs�cyxl_PcÔcyx=s
qÅsucyx v ¨ � s}a w�v afqÅ~×s}|7kl_bhrhr��_P~{°<s}hrhE_b~�cyx=s�^í­má ó ¦ qts¼cyx v ¨%ep\�cyx=s � _b~fsu~Ôcfs}~Úcys}¨H¢

�Ôs¼Ù�cÜ«�cyxma v km��xÅcyxmsÔs¼Ù�cfs}\m~de v \ vPw cyx=sÔcfs¼Ù�cdäÕc v äê~ � s}s � x�~Ú��\7cfxms}~dep~<qts¼cyx v ¨tc v cfxmsF~Ú��\&ä
cyx=s}~fer~ vbw ~fep\=��ep\m�=«&eoc×ep~�~dx v °{\Rcfxl_Pc�cfxms�Øls¼Ù&e � ephrerc]� vbw cyxms±~dep\7km~ v ep¨l_bh9q v ¨msuhj_ �m� a v _ � x%s}\�ä
_ � hrs}~jcyx=síer\ �}v a �¤v ay_Pcfe v \ vPw=§ _bafe v km~jqWk=~fe � _bhpho��ä]ep\�cfs}afsu~dcfep\m��s¼âHs � cf~Lep\�c v cfxmsí~d��\�cyxmsu~fepßus}¨W~dep�Pä
\l_bh ¢ � xmsu~fs�suâ9s � cy~{ep\ � hpkm¨=s § e � af_Pc v « � erc � x § _bafep_Pcye v \�_b\=¨�cyay_P\m~feocye v \�suâ9s � cy~}«¯_P\m¨ � xl_b\m��su~
�}v afafsuhg_Pcfs}¨�°{eocyx � xl_b\=��s±ep\ §bv&� _bh�s¼â v aÚcÜ¢ ¦ hp~ v er\�cyx=ep~�~Ú�&~ÚcysuqR«lqÅsucfx v ¨=~ vbwÖ�}v a � km~×¨msu~fer��\
_b\m¨Ékm\=erc±~ds}hps � cfe v \É~ � s � ern � _bhpho�¥¨=s}~fer��\msu¨ w�v a1~fep\=��ep\m��~Ú��\7cfxms}~dep~U_bads	¨ms § s}h vb� su¨�¢µ��s}~ � ercfs
cyx=s w _ � c{cyxl_PcF_Åafs}hp_Pcye § suhr��~dq�_Phph §bv e � s�er\ § s}\�c v ad�5ep~{km~ds}¨�«¯cyxmsU~d��~Úcys}q er~ � _ � _ � hps vbw ~Ú��\&ä
cyx=s}~ferß}er\m�%_�qWkm~de � _Phphr��ä � hps}_b~fer\m�µ~fep\=��ep\m� §�v e � sWcyxm_Pc±qt_bep\�cÁ_Pep\m~{cyxms � s}a � sue § su¨Éep¨msu\7cferc]� vbw
cyx=s §bv&� _bhper~dc{ads �}v af¨msu¨5c vÅ� afs}_Pcys�cyxms�km\=erc{ep\ § s}\�c v aÚ��¢



i`ep\l_bhrhr�b«&~ds § suay_bhÖepq � a vÿ§ s}qÅs}\�cy~×c v cfxms�~fer\m~fkm~ v ep¨m_bhjq v ¨msuh�ercf~fs}h w _bafs�¨ms¼cÁ_berhps}¨H¢ � xms
� _Pkm~fsu~ vbw _badcfe w _ � cy~ � afsu~fs}\�c�er\Rcyx=s v afer��ep\m_bh ¦ ®×­>b�á ó ¦ q v ¨ms}h`_bads w�v km\=¨ � �5cyx=s v adsucye � _bh
_b\m¨�s}q � erafe � _bh�_P\l_bhr��~dep~}«<_b\m¨�qÅsucyx v ¨m~ w�v aµsuhpepqÅep\m_Pcyer\m� v aÅ¨=epqÅep\mer~fxmer\m�¥cyx=s}~fsR_baÚcye w _ � cy~
_bads � ads}~fsu\�cys}¨H¢ ¦ q v \=�Rcyx=s�ep\m\ vÿ§ _Pcfe v \=~�er~W_¥qÅsucfx v ¨ w�v a � xm_b~fs�af_b\m¨ v qterßÜ_Pcfe v \ � _b~ds}¨
v \É~fk � w ay_bqÅs	~d��\�cyx=s}~fer~ vPw cfxms	~fer��\l_bh ¢�[êcUep~1~fx v °{\�cfxma v km��xÑcyxms	ads}~dkmhrcf~ vPw _�~dk � � s � cye § s
�}v q � _Pafep~ v \	cysu~dc�cyxl_2cZcyxmsÔqts¼cyx v ¨µepq � a v�§ s}~Zcyxms{|7kl_bhrerc]� vbw k=\ §bv e � s}¨t~ � s}s � x�~d��\�cyxmsu~fepßus}¨
km~dep\m�	cyx=sUq v ¨ms}h ¢
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� xms � a v � hps}q vbw _bk&c v qt_Pcye �±�}v \ § s}af~de v \ vbw cfs¼Ù�cykl_Ph`er\ w�v afqt_Pcfe v \�c v ~Ú�&\�cfxmsucfe � ~ � sus � xÑxl_P~
� s}s}\�_U~dk � � s � c vPw afsu~fs}_ba � x�~dep\ � sÔcfxmsF_b¨ § su\�c vbw cyxmsÔ¨mer��ercy_bh �}v q � k&cys}au¢�­ � s}s � x�ep~Ycfxms � afeoä
qt_bad��qts¼cyx v ¨ vbwÖ�}v qÅqWkm\me � _Pcfe v \�_bq v \m�	x7kmq�_P\m~}«¯_b\=¨Reoc×ep~×\l_2cykmaf_bhHc v ~Úcyafe § s±c v su\l_ � hrs
x7kmqt_b\m~1c v ep\�cysuay_ � c�°{ercfx �}v q � k&cys}ad~�km~dep\m��_t~ � s}s � x�ä � _b~ds}¨�ep\�cysua w _ � sb¢ � xmer~1cys � xm\ v h v �b�
xl_b~F_bhr~ v � sus}\Rkm~fsu¨Rc vÅ�}v q � s}\m~f_Pcys w�v a×cfxms�h v ~d~ vPw ~ � s}s � x&ä]ads}hp_Pcysu¨ w _ � kmhrcfeps}~ � �%x7kmqt_b\m~u¢
� xms�_ �=� hpe � _Pcfe v \m~ vbw cfs¼Ù�cdäÕc v äê~ � s}s � x ø �×� ­mùícys � xm\ v h v �b��_b~×_WqÅsÜ_b\=~ vbwÖ�}v q � s}\m~f_Pcyer\m� w�v a
xl_b\=¨me � _ � ~�_bafsÅq�_P\7�Ñ_b\m¨ § _badepsu¨�«`er\ � hrkm¨mer\m�%afsÜ_P¨mep\m�5qt_ � xmep\=s}~ w�v a±cyxms � hper\m¨�«jcys}_ � xmer\m�
_ber¨m~ w�v a � xmephr¨mafsu\�°{ercyx5~ � s}s � x¥¨mer~y_ � ephpeocyers}~}«&_b\m¨ v cfxms}aÔ_ber¨m~ w�v a×cyx v ~fs±°{ercfx §bv&� _bhjepq � _beraÚä
qÅs}\�cy~1ä � «+T�«uW=«>VfåÕ¢

®<su� v \m¨tcfxms}~dsF~ � s � eg_Phpepßus}¨µ_ �=� hpe � _Pcfe v \m~u« �×� ­µ_bhp~ v xm_b~ � su��km\µc v�� hg_Ü�W_�qt_ � v aZa v hps
ep\Ðõdep\ w�v afqt_Pcye v \5_ �}� s}~d~f÷�cys � xm\ v h v ��ers}~}¢ � xms¿° v afhr¨=°{ep¨=sUcfs}hps � x v \=sW\msuc]° v adª � a v�§ er¨ms}~�_b\
ep\ w ay_b~Úcyafk � cyk=afs w�v aL_ �}� s}~d~�c v1§ _bafe v km~`ep\ w�v adq�_2cye v \�~ v kma � s}~u«7_b\m¨	~ � s}s � x � a v�§ ep¨msu~�_1\l_Pcfkmay_bh
ep\�cfs}a w _ � sZc v ~fk � x�ep\ w�v afqt_Pcye v \�¢j^Zafsu~fsu\7cfhr�Uep\�qt_b\��±~fk � xsº »l½]º¼¹f¸ Å¼½$º/ÂbºÄÂb³�ºæÅÁºí¹yºÁ¾]·l³2»=¾�º ø [êè±zFù
~d��~Úcys}qÅ~}« � afsuafs �uv af¨=s}¨	qÅs}~f~f_b��su~Lafs}_b¨ � ��_Fx7kmqt_b\ � suep\m�1_bafsíkm~fsu¨¿c vF� a v�§ ep¨=s<er\ w�v afqt_Pcfe v \
v a � a v q � c�cfxms/km~ds}a}¢ � xmep~�~Úcyaf_Pcysu�b� � s �uv qtsu~�epq � af_ � cfe � _PhÕ«�x v °<s § s}a}«1ep\�_ �m� hpe � _Pcye v \m~
°{xmsuafssäþÛ�å

ç cfxmsFcfs¼Ù�c×ep~<km\ � ads}¨me � cy_ � hps v a�¨&�&\m_bqte � ø sb¢ �m¢o«=k � äÕc v äÕcyxmséä]qÅep\7k=cfsÔ°<sÜ_Pcfxms}a�afs �¤v aÚcy~ v a
~Úc v�� ª � afe � s�|7k v cfs}~}«¯suq�_berhHadsÜ_b¨mer\m�7ùé«



ç _ �u� su~f~{c v _Åhp_baf�bs�¨l_Pcy_ � _b~dsUer~×afsu|�k=epafsu¨ ø sb¢ �m¢o« � _Pcy_bh v � v af¨msuaÔer\ w�v adq�_Pcfe v \lù¼«
ç � _b~fsu~5°{xmsuafs�\msu° � a v q � cf~�\ms}su¨(c v � s w ads}|7kmsu\7cfhr�,ads �uv af¨msu¨�« � k=c5qWk=~dc5xl_ § s�_
�uv \m~dcy_b\�c §�v e � s�ep¨msu\�cyerc]�b¢

� s¼Ù�cdäÕc v äê~ � s}s � xÅ~d��\�cyx=s}~fer~ � _b\ � a v�§ er¨ms{_1~dep��\meon � _P\7cZ_b¨ § _b\�cÁ_b�bs�ep\¿cfxms}~dsÔ_ �m� hre � _2cye v \m~L_P\m¨
qt_b\�� v cyx=s}af~u¢

� x=s/sÜ_badhpers}~dc�_Pcdcys}q � cf~Åc v ~d��\�cyxmsu~ferß}sÑ~ � s}s � x ø � epa � _ ��� Wji�ù	ep\ §�v h § su¨Ðqts � xl_b\me � _bh
v a�s}hrs � cyafe � _bh�ads}~ v \l_b\�c�nmhrcysuaf~�cyxl_2c�°<s}ads�s¼Ù � ercysu¨�c v¥� a v ¨mk � sÅ~d��\�cyxms¼cye �Å§�v e � sÅ~ v k=\m¨m~ v a
õ �uv�� �&÷ts¼Ù&ep~Úcyer\m�tads �uv af¨msu¨¥~ � sus � x�ä � å ¢ ó _Pcysua}«¤_b~×cyx=s�~ v kma � s2b2nmhrcysuaÔcfxms v ad� vbw ~ � s}s � x � a v ä
¨mk � cye v \�°�_b~ w k=adcyx=s}a�_P¨ § _b\ � su¨ � �Ði¯_b\�c�äXa�å1_P\m¨ v cfxms}ad~}«×q v afs%s}hp_ � v ay_PcfsRq v ¨ms}hr~t_P\m¨
epq � hrs}qÅs}\�cÁ_Pcfe v \=~ vPw cfxms §�v�� _PhFcyaf_ � c�cyay_P\m~ w sua w km\ � cfe v \Ð°<s}adsÑ¨ms § s}h v�� su¨�¢ ¦ h v \m�å°{ercfx
qt_b\�� v cyxmsuaf~}«�cyxmsÔ° v afª vbw à±hg_Pcdc¯ä g å¤°�_b~�ep\=~dcyadkmqÅs}\�cÁ_bh¯er\�_b¨ § _b\ � ep\=��cyx=s�~dcy_Pcys vbw cyx=s�_baÚc
ep\5~fk � xs�Ü³2¹é´Å¸b»l½í¾¼¶2»l½@¿lºÁ¾�ºp¾�~d��~dcfs}qÅ~}«Her\5°{x=e � x §bv e � s}¨R~ � s}s � x � a v ¨mk � cfe v \5ep~{ads � ads}~fsu\�cys}¨
_b~�cyxmsFs¼Ù � eocÁ_Pcfe v \ vbw _U~fs¼c vbw ~ds}adeps}~ v a � _baf_bhphrs}hlafsu~ v \m_b\ � su~ ø cfxms §�v�� _bh¯cyaf_ � cÁù � �t_�~dxl_ � s}¨
� kmhr~fs±cyaf_bep\ ø ��h v cfcÁ_Ph � kmhr~fsu~Áù¼¢

  v afsFafs � s}\�cyho��«�cyxmsF_ �m� a v _ � xÅcÁ_bªPs}\ � �µq�_P\7�µads}~dsÜ_ba � xms}ad~×ep\µcyxms �×� ­ �}v qÅqWkm\=erc]�
xl_b~ � s}su\�c v q vÿ§ s�_Ü°�_Ü� w a v qÞcfxms±km~ds vPw ~dk � x%~ � s}s � x � a v ¨mk � cye v \ v a×_ �}v km~Úcye � _bh9q v ¨ms}hr~}¢
[]\m~ÚcysÜ_P¨�«7~d��~dcfs}qÅ~ � _P~fs}¨ v \	cyx=s �uv \ � _Pcysu\l_Pcye v \ vbw ~fk � ° v af¨�ä]~ferß}su¨�km\meocy~ vbw ¹yºdÅÁ³2¹dÀ�ºfÀ�¾]·lºÁºdÅd¿
xl_ § s�s}qÅs}ad��s}¨�¢ � xmep~5_ �=� a v _ � x � _ � ª7~¥_�°�_Ü� w a v q cyay_P¨mercfe v \l_Ph1~ � epsu\7cfern � _Pcdcys}q � cf~%c v
´�³}À�º���~dk � cyhrs�_b~ � s � cy~ vbw cyxmst~ � s}s � x�~dep��\m_bhÕ«L_b\m¨"er\m~dcfsÜ_b¨"~depq � hr�Ðº¼»�ÅÁ³}À�ºÁ¾�_bhph�km\mª7\ v °{\
ep\ w�v afqt_Pcye v \ � �¥~dc v afer\m��~y_Pq � hrs}~ vPw cfxmsµ_ � cykl_bhÖ°�_ § s w�v adqR¢ � xmep~�_ �m� a v _ � xÉxl_b~�ads}~dkmhrcfs}¨
ep\%_	~dep��\meon � _P\7c×_b¨ § _b\ � s}qÅs}\�cÔep\�cyxms±|7kl_Phperc]��_b\m¨�õd\l_2cykmaf_bhp\msu~f~d÷ vPw ~ � sus � x � a v ¨mk � s}¨ � �
~dcy_Pcyséä vbw äÕcyxmséä _baÚc �×� ­5~Ú��~dcysuqt~u¢

üÔ\�cyeph w _berafho�"afs � su\7cfhr�b«�cyxms5qtsuq v ad�æ_b\=¨�~dc v ay_P��sRhrepqÅercy_Pcye v \m~ vPw ��su\ms}af_bhoä � kma �¤v ~ds
�}v q � k&cyep\=��xl_baf¨&°�_badstxm_ § stqt_b¨ms �uv \ � _Pcysu\l_Pcye v \&ä � _b~fsu¨ �×� ­Ñ~d��~Úcys}qÅ~Uay_Pcfxms}a�epq � af_ � cfeoä
� _PhÕ«×~fer\ � s5cyxms¥|�km_bhpeoc]� vbw afsu~fkmhocy~���su\ms}af_bhpho�æepq � a v�§ s}~�_P~�cyxmsR~ferß}s vbw cyxms/er\ § s}\�c v ad� vbw
�}v \ � _Pcfs}\l_2cys}¨É~ds}��qÅs}\�cy~±er\ � adsÜ_b~ds}~u¢W  v ¨msuaf\ � suaf~ v \l_bh �uv q � k=cysuaf~±_P\m¨/° v afª7~dcy_Pcye v \m~�_bads
\ v °Î|7kmercfs¿°�suhph ä]~fk=ercysu¨¥c v cyxmer~Fc]� � s vPw ~d��~dcfs}q5«E_b\m¨ �}v \ � _Pcfs}\l_2cye v \&ä � _P~fs}¨¥~d��~dcfs}qÅ~Uxm_ § s
� s �}v qts±cyx=sUqÅsucfx v ¨ vPwL� x v e � s w�v a×qt_b\�� �uv qÅqtsua � ep_bhHs¼â v adcy~1ä Û&« � å ¢
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¦ �×� ­R~d��~Úcys}q � _b~ds}¨ v \ �}v \ � _Pcfs}\l_2cye v \ �¤v ~fsu~1~ � s � eg_bhEads}~fs}_ba � x � a v � hps}qÅ~}¢Ô­�ep\ � s
cyx=s}afsRep~t\ v _ �uv km~Úcye �R� a v ¨mk � cye v \�q v ¨=s}h×c v"�uv \�cya v h1_P~�ep\ w�v afqt_b\�ct~d��\�cyxmsu~fep~u«�·¤¹Á³�¾�³}Àb¶
´�³}Àfº è�Åf¸b½$ºÕ³2»WqWkm~Úc � s � sua w�v adqtsu¨tc vW� xl_b\m�bs1cyxms1¨mkmay_2cye v \m~�_b\=¨ � erc � x � suafe v ¨ vbw cyx=s �}v \�ä
� _2cys}\m_Pcysu¨�~ds}��qÅs}\�cy~u¢B��kms�c v�� erc � xB¨=erâ9s}afsu\ � su~}« �}v _baÚcye � kmhp_Pcye v \�«Y_P\m¨ v cyxmsuaµ_bhph v�� x v \me �
§ _bafep_Pcye v \m~u«¯cfxmsW~ � sus � x�~fep�b\l_bhp~F_ � a v ~d~1cyxms �9v er\�c vbw��uv \ � _2cys}\m_Pcye v \/qt_�� � s w _berafhr�%¨=erâ9s}aÚä
s}\�c}¢ � xms §bv e � s�|7kl_bhrerc]�5_b\=¨ v cfxms}a � xl_baf_ � cfs}afer~dcfe � ~ vbw cfxms�cÁ_bhrªbs}auýþ~Ô~ � s}s � xÑq�_Ü�5_bhr~ vµ§ _bad�
_ � a v ~d~tcyx=s � v er\mep\m� � v km\m¨l_Pad� vbw±�uv \ � _Pcysu\l_Pcysu¨,~fsu��qtsu\�cy~}¢�èí_bade v km~Å~fq v�v cyxmer\m� v�� suay_2ä
cye v \m~�qWkm~Úc � sÅep\ �uv a �¤v af_Pcysu¨�er\�c v cyxmsÅ~d��\�cyxmsu~fer~ � a v&� s}~f~Uc v q�_Pªbs	cyxmsu~fst¨mep~ �}v \�cyer\7kmercfeps}~
hpsu~f~ � s}a � s � cye � hpsP¢ � xms}~dsµ~fep�b\l_bh � a v�� su~f~fer\m��cfs � xm\mer|7kms}~�hpers¿_2c1cyx=sWxmsÜ_Padc vbw cfxmsW~Ú�&\�cfxms}~dep~
_bhr� v afeocyxmqÅ~}«�_b\=¨R_Pafs � afk � eg_bhHc v cyxms±~Ú��\7cfxms}~dep~ vbw xmer��x&ä]|7kl_Phperc]�b«&\m_Pcykmaf_bhoäê~ v k=\m¨mep\=�W~ � s}s � x�¢

� x=s � afsu¨ v qÅep\l_P\7cícys � xm\mer|�k=s w�v a � a v ~ v ¨=e � q v ¨mern � _Pcfe v \	°{ercfxmep\µcyx=s �}v \ � _Pcfs}\l_2cye § s
�×� ­ �uv \�cyséÙ&c�xl_b~ � s}su\�
Äº ½ÁÅd¿ »¾�¯¶P»�Åd¿�¹y³2»H³�Æ�¾Q	�Âbº¼¹Ç�o¸¼·é¹ÔÀ�À ø ^í­má ó ¦ ù�ads}~d��\�cyx=s}~fer~ vPw cyx=s
~ � s}s � x$°�_ § s w�v afq5«Ô°{x=e � x,ep\ §bv h § s}~�s¼Ù�cfay_ � cyep\=�m« �}v�� ��ep\m�=«F_P\m¨,afs �9v ~dercfe v \mer\m��°{er\m¨ v °<s}¨
~ � s}s � x�°�_ § s w�v afqÅ~Qä � i=« ��� åÕ¢ ¦ hrcyx v km��x w _Pepafho��� v&v ¨åads}~dkmhrcf~ � _b\ � s�_ � xmers § s}¨æ°{ercyx�cyxmer~
qÅsucyx v ¨µep\	qt_b\�� � _b~fsu~}«�ercZer~Z\ v cZ°{eocyx v k&cZ~fx v adc �uv qÅep\m��~u¢ � xmsu~fsÔ~fx v adc �uv qÅep\m��~ � _b\µafsu~fkmhoc
ep\�~d��\�cyx=sucye � ~ � sus � x"cfxl_Pc �9v ~f~fsu~f~ds}~W~dep��\meon � _P\7c v � � s � cye v \l_ � hrst_Padcye w _ � cf~}¢ � xmsÅs¼Ù&ep~Úcys}\ � s
vbw ~dk � x�_badcfe w _ � cy~Ôepq � hpers}~×cyxl_2c�_ �×� ­¥~d��~Úcys}q v k=c � k=c�er~1hpsu~f~�hrepªPs}hr��c v � s�ep\�cysuhphrep��e � hps v a
\l_Pcfkmay_Phoä]~ v km\m¨=ep\m�m«�cyx7km~Ôq�_Pª�er\m�	ep\ w�v afqt_Pcye v \�ads � s � cfe v \5q v afs±¨meëê � kmhrc w�v a×km~fsuaf~u¢

­�ep\ � s �uv \ � _2cys}\m_Pcye v \&ä � _b~fsu¨¥~d��\�cyx=s}~fer~�afsuhpers}~ v \Rs}\ �uv ¨mer\m�t_b\m¨ � a v ~ v ¨me � q v ¨mern � _2ä
cye v \ vbw _ � cfkl_bhZ~ � sus � x�°�_ § s w�v afqÅ~}«`_�°{ep¨msµ_baday_Ü� vbw ~ � sus � x"~dep��\l_PhLq v ¨msuhper\m��cys � xm\mer|�k=s}~
� _P\ � s	_ �=� hpers}¨¥c v cyxms � a v � hrs}q5¢U ¥_b\�� vbw cfxms}~dst_Pafs w�v k=\m¨Ñep\/cfxms	~ � s}s � x �uv ¨mer\m��hrercysuaÚä
_PcfkmafsP¢×��_bafho� �}v \ � _Pcfs}\l_Pcfe v \%° v afª%ep\ §bv h § s}¨/_P\l_bhr��~dep~}« �uv \ � _Pcysu\l_Pcye v \�«¤_b\m¨R~fq v&v cyxmer\m� vbw
hper\msÜ_Pa � afsu¨me � cye v \ ø ó ^<ù � _Pay_bqÅsucfs}af~u«¯s¼Ù � eocys}¨ � �R_ � erc � x � kmhr~fs±cyaf_bep\ v a×°{xmeocys�\ v er~fs"ä � T�åÕ¢
¦ ~<afs¼Øls � cys}¨�er\�qWk � x vbw cfxms1~ � sus � x �}v ¨mer\m�¿hrercysuay_PcfkmafsP«�cyxmer~�ads � ads}~fsu\�cÁ_Pcfe v \�er~<eocy~ds}h w |7kmercfs
_ �}v _Paf~fst_ �m� a v Ù&epqt_Pcye v \�«j_b\=¨�eoc � a v ¨mk � s}~ �9v�v a±~ � sus � x"|7kl_bhrerc]�R°{xms}\ � s}aÚcÁ_ber\�_b~f~dkmq � ä
cye v \m~ w _berhHc v x v hr¨�cyafk=s[ä � W�å ¢� ¥_b\�� § _Pafeg_2cye v \m~ v \%cyxmer~×~ v k=a � s£b2nlhocys}aÔafs � afsu~fsu\7cy_Pcye v \¥xm_ § s
� s}s}\�¨ms § s}h vb� su¨ w�v a �}v ¨mep\=�å_ �=� hpe � _Pcfe v \m~ v�§ s}atcfxms � _b~dc[T�ÛÉ�bsÜ_bad~}«×er\ � hrkm¨mep\=��_P\l_bhr��~dep~Úä
� ��ä]~d��\�cyx=s}~fer~/qÅsucyx v ¨m~%~dk � x�_b~5qWkmhocye � kmhp~ds ó ^ � ä � Vhå « �}v ¨ms¼äês¼Ù � eocys}¨$hper\msÜ_Pa � afsu¨me � cye v \
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ø � � ó ^íù^ä � Û�å «<_b\m¨ § _Pafe v km~ v cyx=s}af~u¢Ð��_ � x vbw cfxms}~ds5cy_bªbsu~�_É~dcfs � c v °�_Paf¨m~t_ � h v ~ds}aÅ_ � ä
� a v Ù&erq�_Pcfe v \ vbw cyxms v afer��ep\l_PhY~fer��\l_bh ¢%Ý v °�s § sua}«Z\ v cW_bhph�_Pafsµ°�suhphí~fkmeocys}¨�c v x=ep��x&äê|7kl_bhpeoc]�
� a v ~ v ¨me � q v ¨meon � _2cye v \�« � s � _bk=~fsFcfxms w�v�� k=~�ep\Åcyxmsuepaí¨ms § s}h v�� qÅs}\�c�xl_P~ � s}s}\ v \�nl\m¨=ep\m�¿_b\
õds�ê � epsu\7cf÷ ø e ¢þsP¢r«&sÜ_b~Ú��c v	�uv ¨=s�ù<q v ¨=s}hÕ«�ay_2cyxmsua�cyxl_P\%_ÉõÚØls¼Ù&e � hpsu÷Wq v ¨msuh¤cfxl_Pc×er~�km~ds w kmh w�v a
xmer��x&ä]|7kl_Phperc]� � a v ~ v ¨=��q v ¨=ern � _Pcye v \�¢

Ò8ÓÇì Ú�â�ßQíîáGÙ"â�ï�ð~ñ¨ò Ù�ï�Õ�ñ£â£ß�ó

� xms<¨ms}~depafs w�v a`_b\W_Phrcysuaf\l_2cye § s�~ � s}s � x	q v ¨ms}h�cfxl_Pc`ep~ � v cfxW_b\/õds5ê � eps}\�cf÷�_b\m¨�q v afsí��s}\msuay_bh
afs � afsu~fsu\7cy_Pcye v \¥cfxl_b\ � eoc � x&äês¼Ù � eocysu¨ ó ^ � hrs}¨5c v cfxms¿¨ms § suh v�� qÅs}\�c vbw _%¾�º »�Æ�¾�³�º À�¸f�E´�³}À�º��
vbw ~ � s}s � xRer\�cyx=s±qter¨&ä ���fg i=ý ~}¢ ¦ hrcfx v km��x�~fepqÅephp_ba�ep¨ms}_b~�°<s}ads � k � hper~fxmsu¨ � � v cfxms}ad~{_ba v k=\m¨
cyx=s×~y_bqÅs�cyerqtsP«Pcfxms×q�_Pep\ � e v \msus}af~ vbw cyxmer~L° v afª�°<s}adsÔzU¢�¬=¢�  � ¦ kmhp_��W_b\m¨ � ¢�i�¢�ú�kl_Pcyers}adeÕ¢
� xmer~�q v ¨msuh¯xl_b~ � s}su\�km~fsu¨%ep\�_�°{ep¨msFay_b\=��s vbw _ �m� hpe � _Pcfe v \=~}«�ep\ � hpk=¨mep\m�U~ � s}s � x%q v ¨mern � _2ä
cye v \^ä �Ü� « � a�å « �}v ä � xl_b\m\msuh9~ � sus � x�~ds � _Pay_Pcfe v \Rä �£g å «=_ber¨m~ w�v aYcyx=sFxms}_bafer\m�Päêepq � _bepads}¨�ä ��� « ThihåÕ«
~ � s}s � x�s}\=xl_b\ � s}qÅs}\�c|äwT � å «�_bkm¨me v ~fep�b\l_bhlq v ¨msuhper\m�8äwTjT�å « � ~d� � x v _ �uv km~Úcye � q v ¨msuhp~:äwTfWhå «&_P\m¨
v cfxms}ad~}¢ ¦ ~	ep~µ_ �m� _bafsu\7c w a v q cfxmep~¿hpep~ÚcÜ«Ycfxms%~fep\7km~ v ep¨m_bh�q v ¨=s}h�er~µ_/km~fs w kmh{_b\m¨BØlséÙ&e � hrs
~fer��\l_bhHq v ¨ms}h9cyxl_Pc{hrs}\m¨=~Ôeocy~ds}h w °<s}hrh�c v q�_P\7��_ �m� hre � _2cye v \m~}¢

¦ \�séÙ�cys}\=~fe v \�c v   � ¦ kmhg_Ü�æ_b\=¨�ú�kl_2cyepsuafe ýþ~¿° v adªå°�_P~ � a v��¤v ~fsu¨ � � � s v af��s%_P\m¨
­&qÅercfxôäXT�Vm«õT�Û7«õT � å ¢ � x=ep~%_bhr� v afeocyxmq5« � _bhphrs}¨�cfxmsé¹1»¤¸f� ¶ÿ¾�ºp¾�»½¼}¶�»¾�¯¶2»l½@¿lºÁ¾�ºp¾ÁÀG	�Âbº¼¹Ç�o¸¼·+»$¹ÔÀ�À
ø ¦ ®×­Hb�á ó ¦ ùLq v ¨ms}h «P°�_b~ w�v km\m¨	c v xm_ § s{~ v qÅs{_b¨ § _b\�cÁ_P��s}~ v�§ sua<  � ¦ kmhg_Ü�	_P\m¨tú±km_Pcyers}afe ýþ~
q v ¨msuhEep\%cys}adqt~ vbw ~dep��\m_bhE|�km_bhpeoc]�5_b\m¨¥~Ú��\7cfxms}~dep~ �uv q � k=cÁ_Pcfe v \m_bh �}v q � hrs¼Ù&erc]�b¢ � xmsWqt_bep\
_ �m� hpe � _Pcye v \ vbw cyx=ep~1q v ¨ms}hExl_b~ � sus}\É_b~1_�qÅsucyx v ¨ w�v a � a v ~ v ¨me � q v ¨=ern � _Pcye v \ vbw ~ � s}s � x�«
~ v cyx=ep~×qt_bªbsu~ÔeocÔ_	\l_Pcyk=ay_bh � _b\m¨mer¨l_Pcfs w�v a{_ �m� hre � _2cye v \�ep\5_WcyséÙ&cÚäêc v ä]~ � sus � x¥~Ú��~dcysuqR¢

¦ hrcfx v km��x5~fer\7km~ v er¨l_bhjq v ¨=s}hp~×ads � ads}~ds}\�c±_µ~fer��\mern � _b\�cÔ_b¨ § _b\ � s}qÅs}\�cFep\%cyxmsU_badsÜ_ vbw
~ � s}s � x�q v ¨mern � _Pcfe v \�«ícyxms¼��¨ våw _bhrhÔ~dx v aÚc�ep\�~ v qÅs¥ads}~ � s � cy~u¢£­&ep\ � s¥~dep\7km~ v ep¨l_PhFq v ¨=s}hp~
_bads � s}~dc�~fkmeocysu¨�c v afs � afs}~ds}\�cyer\m�¿·lº¼¹ÇºÕ³}ÀfºæÅZ~dep��\l_Php~}«7cyx=s1afs � afsu~fsu\7cy_Pcye v \ vbw km\ §�v e � s}¨�~ � sus � x
vbw cfs}\µ~fk=â9s}ad~}«7s}~ � s � ep_bhpho�¿km\=¨ms}aZq v ¨=ern � _Pcye v \�¢ � xmep~Z~dx v aÚc �}v qter\m� � _b\µhrsÜ_b¨Wc v km\m¨msu~fepaf_ � hrs
_baÚcye w _ � cy~×er\�~d��\�cyxmsu~fer~}«9_b��_ber\�¨msucfay_ � cyep\=� w a v q cfxms�|�km_bhpeoc]� vbw cyxms v�§ suay_bhrh�~d��~Úcys}q5¢
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Ò8Ódö ÷�Õzá?Õzð~øùÜÄÝ úüû_Õ�øãûQâ�Õ¯ý

� xmer~tcyx=s}~fer~ � ads}~ds}\�cy~�cfxms/_ �=� hpe � _Pcfe v \ vbw _å~dep\7km~ v ep¨l_PhÔq v ¨ms}hÔ_b\l_Phr��~fer~dbP~Ú�&\�cfxms}~dep~�_bhr� v ä
afeocyxmq c vÅ�}v \ � _Pcysu\l_Pcfe v \&ä � _b~ds}¨5~ � s}s � xÑ~Ú��\7cfxms}~dep~u¢ ¦ ~Ôqtsu\7cfe v \=s}¨R_ � v�§ sb«lcyxms ¦ ®�­Hb�á ó ¦
~fer\7km~ v er¨l_bh�q v ¨ms}h×er~µ_b\�_2cfcyaf_ � cfe § s � _b\m¨mer¨l_Pcfs w�v a	cyxmer~Wc]� � s vbw _ �m� hpe � _Pcfe v \H«Z~fep\ � s5erc	er~
� _ � _ � hrs vPw _ � xmers § ep\m�Åxmer��x&ä]|7kl_Phperc]��~ � s}s � x/q v ¨meon � _Pcfe v \H«=°{xmephrs v âHsuafer\m�Å_tafsuhg_Pcfe § s}hr��h v °
�}v q � k&cÁ_Pcfe v \l_Ph �uv q � hpséÙ=eoc]�µep\t~d��\�cyxmsu~fep~u¢ ¦ hp� v afercfxmqÅ~ w�v a �}v \ � _Pcfs}\l_2cyep\=�W_b\m¨�~dq v�v cfxmep\m�
~fk � ° v ad¨t~ � sus � x�k=\mercf~LcÁ_bªPs}\ w a v q�_b\	er\ § s}\�c v ad� vbw ~dep\7km~ v ep¨l_bhrhr��ä]q v ¨ms}hrs}¨U~ � s}s � xt_bads � afséä
~fsu\�cys}¨H«&_P\m¨¿cyx=s � sua w�v adq�_P\ � s vbw cyxms<qts¼cyx v ¨Wer~Ls¼Ù=_bqÅep\=s}¨Wer\¿¨ms¼cÁ_berhÕ¢ ¦ \WséÙ&cfs}\m~de v \ vPw cyxmer~
qÅsucyx v ¨¥c v cyxms¿~d��\�cyxmsu~fep~ vbw ¾�º » þfº » þ�Âb³�ºæÅÁºÔep~ � afsu~fsu\7cfs}¨�_b~1°<s}hrhÕ«9c v�w k=cyx=s}a�¨msuq v \m~dcfay_Pcfs
cyx=s�Øms¼Ù&e � erhpeoc]� vbw cyx=sUq v ¨ms}h ¢

¦ ~�qÅs}\�cfe v \msu¨�«Ö~fep\7km~ v ep¨m_bhYq v ¨msuhp~U_badsÅ�bs}\msuay_bhrhr� � _ � _ � hps vbw x=ep��x&äê|7kl_bhpeoc]�¥~ � sus � x
q v ¨meon � _2cye v \�« � k=c±~ÚcyerhphE~fk=â9s}a w a v q � suadcy_bep\Ñ_Padcye w _ � cf~}«¤q�_Pep\mho��ep\/k=\ §bv e � s}¨Ñ~ � sus � x�¢ � xmer~
cyx=s}~fer~Y_bhr~ vÔ� afsu~fsu\7cf~Z_bhr� v afeocyxmqÅ~ w�v aÖqÅercyer��_Pcfep\m��cfxms}~ds�¨ms¼n � ers}\ � epsu~}¢�­&s § suay_bh�s}\mxm_b\ � suqtsu\�cy~
vbw _b\=¨,s¼Ù�cysu\m~fe v \m~�c v cyxms ¦ ®×­Hbbá ó ¦ ~dep\7km~ v ep¨l_PhFq v ¨=s}h{°{ephph � s � ads}~fsu\�cys}¨H«1ep\ � hpk=¨mep\m�
qÅsucyx v ¨m~ w�v a×epq � a v�§ ep\m�Wcfxms�afsu~fkmhocy~{ep\%q v ¨meon � _2cye v \ vbw km\ §�v e � s}¨R~ � s}s � x�¢

� x=a v km�bxÅcfxms � afsu~fs}\�cy_Pcye v \ vPw cfxmep~�epq � a vÿ§ s}¨µ~fer\7km~ v er¨l_bhmq v ¨ms}hl_P\m¨teocy~�_ �=� hpe � _Pcfe v \
ep\�_ �×� ­�~d��~dcfs}q5«lercí°{ephph � s�~fx v °{\�cyxm_Pc�cyx=ep~�q v ¨ms}h � _b\ � a v�§ ep¨ms�_ w af_bqÅsu° v afª w�v a�x=ep��x&ä
|7kl_bhrerc]�W~ � sus � x�_P\m¨ §bv e � s{~d��\�cyxmsu~fep~u« v â9s}adep\m�U_b¨ § _P\7cy_b��su~ v�§ sua �uv q � s¼cyep\=�±qts¼cyx v ¨m~}¢ � xms
cyx=s}~fer~{ep~ v ad��_b\merß}s}¨5_b~ w�v hrh v °{~}©
0S�
;>�
*2#�E Y nmaf~dc � afs}~ds}\�cy~ � _ � ª7��a v km\m¨Uep\ w�v afqt_Pcye v \ v \�cyxmsZc vb� e �YvPw ~dep\7km~ v ep¨l_Phbq v ¨msuhper\m�m¢

� xmer~�~ds � cfe v \,er\�cya v ¨mk � s}~�cfepqÅs¼äê~ � _Phps5_b\m¨ � eoc � xÐq v ¨mern � _Pcye v \�qts¼cyx v ¨m~ � _b~fsu¨ v \
~dep\7km~ v ep¨l_bh¤q v ¨msuhp~�_b\m¨ � ads}~fsu\�cy~ v cyxmsua�afsuhps § _P\7c�ep~f~dkms}~ w�v a w�v hrh v °{ep\m�U~fs � cfe v \m~u¢ � xms
~ds �}v \m¨�xm_bh w�vbw cyxms � xm_ � cysua � afsu~fs}\�cf~Y_b\ v�§ sua § eps¼° vbw&� kmadafsu\7c`_ �=� a v _ � xms}~jc v cfxmsZcys¼Ù�cÚä
c v ä]~ � sus � x �}v \ § s}ad~fe v \ � a v�� su~f~u«�°{ercyxUcyxms � kma �9v ~ds vbw¯� k=cfcfep\m�{cyxms<afsu~fsÜ_Pa � x � afsu~fsu\7cfs}¨
er\7c v eocy~ � a vb� sua � s}ad~ � s � cfe § s1°{ercfxmep\µcyxmsÔ~ �uv�� s vbw cfxms § _bade v k=~ � xm_bhphrs}\m��su~�_P~f~ v�� ep_Pcysu¨
°{eocyx �×� ­9¢

0S�
;>�
*2#�E k � s}�bep\m~{°{ercfx/_b\/er\&ä]¨=s � cfxRcyx=s v adsucye � _bhÖ_b\m_bhr��~fer~ vPw cyxmsUcyerqtséä]~ � _bhpsU_b\=¨ � erc � x

Û



q v ¨=ern � _Pcye v \	_bhr� v afeocyxmqÅ~Öep\	cyxms ¦ ®×­Hb�á ó ¦ ~fer\�k=~ v er¨l_bhmq v ¨=s}hÕ« �}v \m¨=k � cfs}¨t°{eocyx	cyx=s
� k=a �¤v ~fs vbw séÙ � hg_ber\mep\=� �uv qÅq v \=hr��ä]su\ �}v k=\7cfs}ads}¨t_badcfe w _ � cy~}¢ ¦ w cysuaZcyxmer~<_P\l_bhr��~dep~}«7~ds § ä
suay_bh�séÙ�cys}\=~fe v \m~×c v cyx=sUq v ¨ms}hH_bafs � a v��¤v ~fsu¨R_P\m¨�cyxmsuepa�erq � hrs}qÅs}\�cÁ_2cye v \m~<¨=ep~ � km~f~ds}¨
_b\=¨Rs § _Phpkl_Pcfs}¨�¢

0S�
;>�
*2#�E x ¨=sucÁ_Pephp~±cfxms�_ �=� hpe � _Pcfe v \ vbw cfxms�erq � a v�§ s}¨ ¦ ®×­>b�á ó ¦ q v ¨msuh�c v _Rcfs¼Ù�cdäÕc v ä
~ � sus � x,~d��~Úcys}q5¢ � xms �}v qÅqtsua � eg_bhrhr��ä _ § _bephp_ � hrs�ëíìjîEïjðlìmñjð£ò}ò �×� ­�~d��~dcfs}q w a v q
®�adercfep~fx � suhps �}v q ep~íkm~ds}¨%_b~�_ � _b~dep~ w�v aícfxms1erq � hrs}qÅs}\�cÁ_2cye v \�¢ ¦ hp� v afercfxmqÅ~ w�v a�_b\m_bhoä
��~fer~}« �}v \ � _Pcysu\l_Pcfe v \�«�~fq v�v cyxmer\m�m«7_b\=¨�~d��\�cyxmsu~fer~ vbw cyx=s1~d��\�cyx=sucye � ~ � s}s � x�°�_ § s w�v adq
_bads � ads}~fsu\�cys}¨H«�_b~W_bafs�cfxms�afsu~fkmhocy~ vPw _ �}v q � _badep~ v \å°{ercfxæ_ �}v q � sucyer\m�/~Ú�&\�cfxms}~dep~
qÅsucfx v ¨H¢

0S�
;>�
*2#�E � � afs}~ds}\�cy~<_b\µs¼Ù�cfs}\m~de v \ vbw cyxms{~fer\7km~ v er¨l_bhmq v ¨ms}h w af_bqÅsu° v afªUc v cyxms{~Ú�&\�cfxms}~dep~
vbw ~fep\=��ep\m�=«�¨msuq v \=~dcyaf_Pcyer\m��cfxms/_ � ephrerc]� vPw cyxmsRq v ¨msuh{c v ~Ú�&\�cfxms}~depß}sÉ_P\m¨ �}v \7cfa v h
~dk � cyhrs�_b~ � s � cf~ vbw cfxms1~ � sus � x%~fer��\l_bh ¢L[êc×_Php~ vUv â9s}ad~�cyxms v��m�¤v adcfkm\meoc]�	c v séÙ � h v adsFcyx=s
_ �=� hpe � _Pcfe v \ vbw cyxmsFq v ¨msuhlep\t_b\�su\ § era v \mqÅs}\�c<hpsu~f~íafs}hreg_b\�c v \�_�hrep\m��k=ep~dcfe � _bhpho�7ä � _b~ds}¨
w a v \�cdä]su\m¨R_b\l_bho�&~dep~ vPw cyséÙ�cÜ¢
i`ep\l_bhrhr�b«Ecfxmstcfxms}~dep~ �}v \ � hpk=¨ms}~¿°{eocyxå_R~fk=qtqt_bad� vbw×�}v \7cfafe � k=cye v \m~�_b\m¨"¨=epafs � cfe v \m~

w�v a w k=cfkmafs�ads}~fs}_ba � xH¢
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­&er\�k=~ v er¨l_bhLq v ¨ms}hr~�_Pcdcys}q � cFc v afs � afsu~fsu\7c�cfxms	ep\ � k=c�~dep��\l_Ph � �Ñ_�~dq�_bhrh`\7kmq � sua vbw ~fer\�k�ä
~ v ep¨l_bh �}v q �9v \ms}\�cy~U_PcU_P\7�/��e § s}\�ep\m~ÚcÁ_b\�cUep\/cfepqÅsb«�°{xmerhps	~dcfephrhLqt_bep\�cÁ_Pep\mer\m�Bõ � s}a � s � cykl_Ph
s}|7kl_Phperc]��÷�°{ercyx�cyxms v afer��ep\m_bh�ep\ � k=ct~fep�b\l_bhÕ¢ ¦ õd~ � _baf~ds}÷"ads � ads}~ds}\�cÁ_Pcfe v \ vbw cyx=ep~Å~ v aÚc�er~
_b¨ § _b\�cy_b��s v km~ w�v at~ � s}s � x �uv ¨mer\m�m«�°{xmsuafsÑeoc�ep~t¨ms}~depaf_ � hps5c v cfay_b\=~fqÅerc v \mhr��_åqÅep\=epqt_bh
\7kmq � s}a vbw`� _baf_bqts¼cysuaf~�cyxm_Pc{¨ms}~ � ade � s�cfxms�~fer��\l_bh ¢Yi v a�cyx=s � kma �¤v ~fsu~ vbw ~ � sus � xRq v ¨mern � _2ä
cye v \�«=_Å~ � _baf~ds�afs � afs}~ds}\�cÁ_2cye v \Rer~{_bhp~ v ¨ms}~depay_ � hpsP« � s � _bk=~fsUerc×hrsÜ_b¨m~×c v q v ads1cyaf_ � cy_ � hps�_P\m¨
�}v q � k&cÁ_Pcfe v \l_Phphr�µs�ê � epsu\�c1~ v hpk=cfe v \=~�c v cyerqtséä]~ � _bhps1_b\m¨ � erc � xRq v ¨mern � _Pcye v \�¢

��������� 	�

��� �����������������
��� ����!"�#� $&%��'�
����;�!@I�,£-4,)(+F(I��(*2�
# ,£-$,
  � ¦ kmhp_���_b\m¨�ú�kl_Pcfeps}adeber\7cfa v ¨mk � s}¨±cyxmsZer\mercfeg_bh w�v adq vbw cfxms}era�~fer\�k=~ v er¨l_bh�q v ¨=s}hber\ ���jg V�äXTja�åÕ¢
[]\/cyx=s	q v ¨ms}h «¤cfxmsW~ � sus � x�~fep�b\l_bh�* ø,+ ùFep~Fq v ¨msuhps}¨/_b~1cyx=s	~fkmq vbw _�~fqt_bhphE\7kmq � s}a vbw ~feoä
\7km~ v ep¨m~×°{ercfx�cyepqÅs¼ä § _bad��ep\=�	_bq � hpeocykm¨msu~{_b\m¨ w afsu|7kms}\ � epsu~}«

* ø-+ ù/. 01 °325476 ° ø-+ ù �}v ~ ø98 ° ø-+ ùfù ø T&¢ � ù
°{xmsuafs 6 ° ø,+ ùÔafs � afsu~fsu\7cf~�cyxmsW_bq � hpercfkm¨msU_b\m¨ 8 ° ø-+ ù{afs � afs}~ds}\�cy~±cfxms � xm_b~fs vbw cyxms;:gcfx/~fer\�k�ä~ v ep¨l_bh �uv q �9v \=s}\�cÜ¢ � x=s � xm_b~fs 8 ° ø-+ ùZep~ w�v k=\m¨ � �µcyx=sFer\7cfs}��af_Pcyer\m�¯±G° ø-+ ù¼«7cyx=s{cfepqÅs¼ä § _Pad��ep\m�



ep\=~dcÁ_P\7cy_b\ms v km~ w afsu|�k=s}\ � � vPw cfxms<: cfxR~dep\7km~ v ep¨�«
8 ° ø,+ ù=.?>A@¬ ±G° ø-B ù�C BED�8 ° ø i�ùGF ø T&¢cTbù

[êc<~fx v k=hp¨ � sF\ v cysu¨�cyxl_2c � xm_b~fs v âH~dsucf~ vbw cfxms § _bade v k=~ �uv q �¤v \msu\�cy~Ô¹Áº��o¸b½$º/Âbº1½ ³Åºf¸ Åd¿%³2½@¿lº¼¹
_badsU\ v c �}v \=~dcyaf_bep\=s}¨5ep\5_b\���°�_��b¢

�Öv nl\m¨"cfxms � _bay_bqÅsucfs}ad~ vbw cyx=s�q v ¨msuhÕ« 6 ° ø-+ ù¿_P\m¨ 8 ° ø,+ ù¼«Lcfxms��±i �Jvbw °{er\m¨ v °<s}¨
~fer��\l_bh w af_bqÅs}~Zep~ � _bh � kmhg_Pcfs}¨�«7_P\m¨tcfxms � s}_bª7~ vbw cyxmsÔ~ � s � cyaf_bh¯q�_b�b\mercfkm¨ms{_badsÔ~ds}hrs � cfs}¨ w a v q
sÜ_ � x w ay_bqÅsb¢(��s � s}\m¨=ep\m� v \�cyx=s � erc � x � s}afe v ¨ vbw cfxms¥~ � s}_bªbsua}«F_b\���°{x=s}afs w a v q Tfi�c v
g i � s}_bª7~�_bads5c]� � e � _bhrhr�B\ms � su~f~y_Pad��c v ads � ads}~ds}\�c%_��be § su\ w af_bqtsP¢ � xms¥_bq � hpercfkm¨msu~t_P\m¨
ep\=~dcÁ_P\7cy_b\ms v km~ w afsu|�k=s}\ � eps}~ vbw cyxms � sÜ_bª7~í_bads{cfxms}\Å\ v cfs}¨�«�_b\=¨t_5õd\=sÜ_bads}~dcÚä]\msuep��x � v af÷ � sÜ_bª
qt_Pc � xmer\m�B_bhr� v adercyx=q ep~�km~ds}¨,c v ads}hp_Pcys¥cfxms w ads}|7kms}\ � epsu~ vbw ~fep\7km~ v ep¨=~�ep\ v \=s w ay_bqÅsRc v
cyx v ~fs�er\tcfxms1\mséÙ�c w ay_bqÅsb¢L��kmafer\m�¿~ÚcÁ_Pcfe v \m_bad�µ~ds}��qÅs}\�cy~ vbw cyx=s�k=cfcfs}af_b\ � s ø sb¢ �m¢o«&~dkm~dcy_bep\=s}¨
§�v °<s}hr~Áù¼«jcfxms}~ds w ads}|7kmsu\ � ers}~�q�_2c � xÑsÜ_ � x v cyxmsua�°{ercyxÑqÅep\=epqt_bh § _bafep_Pcye v \ vbw _bq � hrercyk=¨ms v a
w afsu|7kms}\ � ��¢íÝ v °<s § s}a}«&°{xms}\ � xm_bay_ � cysuafep~Úcye � ~ vPw cyx=sFk=cdcysuay_b\ � s � xl_P\m��s�_ � afk � cyhr�b«�_b~�¨mk=afep\=�
km\ §�v e � su¨�~ v km\=¨m~%_b\m¨�cfay_b\=~fercfe v \=~}«�cyx=s � _baf_bqts¼cysuaf~ § _baÚ� �uv \m~fer¨ms}af_ � ho� w a v q w ay_bqÅs5c v
w ay_PqtsP¢

®�_b~fsu¨ v \Ñcfxmsµafs}~dkmhrcf~ vbw cyxms � sÜ_bª�äêq�_Pc � xmep\=�%_bhp� v afercfxmq5« � _baf_bqÅsucysua%õÚcfay_ � ª7~f÷R_bads
� adsÜ_Pcfs}¨ � �Bhper\msÜ_Pafhr�Éer\�cys}a �9v hg_Pcfep\m�5cyxms �uv q �¤v \msu\�cÅ_bq � hpercfkm¨msu~W_b\m¨ w ads}|7kms}\ � epsu~	c v ¨mséä
~ � afe � sUcyxmsWs §�v hrk=cye v \ vPw�v \ms w af_bqÅs¿ep\�c v _b\ v cyxmsua}¢�õd®�epaÚcyxm~d÷�_b\m¨�õÚ¨msÜ_Pcfxm~f÷ vPwZ� _baf_bqts¼cysua
cyaf_ � ª7~�_bafs¿_bhp~ v _bhrh v °<s}¨¥c v _ �}�uv km\�c w�v aÔcyxms �9v ~d~fe � ephrerc]� vbw _ � xl_b\m��er\m��\7kmq � s}a vbw�� s}_bª7~
w a v q v \ms w af_bqÅs{c v cyx=sF\mséÙ�cÜ¢íiLep�bkmafsu~�T&¢ � ø _�ùZ_b\m¨�T&¢ � ø � ù��be § sFs¼Ù=_bq � hpsu~ vPw cyxms w afsu|�k=s}\ � �
cyaf_ � ª7~ v � cÁ_Pep\msu¨ � ��cyxmer~ � a v&� s}¨mkmadsb¢æá�\ � s�cyxmsu~fs�cyaf_ � ª7~Å_bafs v � cÁ_ber\ms}¨H«Zafs �uv \m~Úcyafk � cye v \
� _P\ � s�_ �}�}v q � hrep~dxms}¨ � �å~fk � ~Úcyeocyk=cfep\m�¥cfxms%_bq � hpeocykm¨=s�_b\=¨ w afs}|7kmsu\ � � � _bay_Pqts¼cys}ad~Wep\�c v
�Z|7kl_Pcye v \m~ ø T�¢ � ù�_P\m¨ ø T&¢UT�ù w�v a×sÜ_ � x § _bhrkms vbw cyxms±cyerqts1ep\m¨mséÙ + ¢

� x=sRq v ¨=s}h�cfx�k=~t¨msu~ � afe � s}~µcyx=s5~ � sus � x�°�_ § s w�v afq ~ v hpsuhr� � �Bcfxms5_bq � hpercfkm¨ms�_P\m¨
w afsu|7kms}\ � � § _bhpk=s}~ vbw _�ads}hg_2cye § s}ho�¥~dq�_bhrh`\7kmq � sua vbw ~fer\�k=~ v er¨m~ w a v qTsÜ_ � x w af_bqÅsb¢ ¦ \Ñerqµä
�¤v adcy_b\�c �9v er\�c×c v \ v cys�er~�cyxl_Pc×cfxms � _bay_Pqts¼cys}a�cfay_ � ª7~Ôkm~fsu¨Rc v ads �uv \m~dcfafk � cFcfxms±°�_ § s w�v adq
_bads�¨ms}~ � ade � s}¨%ep\�_¯�ÇÆ�»�Å¼½$ºÕ³2»¤¸f� w�v afq5¢ � xmep~ v âHsuaf~×_ § s}aÚ��~ferq � hrs�_b\=¨�ep\�cykmeocye § s w af_bqÅsu° v afª
w�v a×½$º ´�º�»Õ¾2Åf¸f�pºZ_P\m¨��é¹ÁºIH�Ælº¼»�Å¼¶�»Õ¾2Åf¸f�pºÔ´�³}Àfº è�Åf¸b½4ºÕ³2» vbw cyxms{~ � sus � x�°�_ § s w�v afq5«�~dep\ � s×cyxms×cyerqts
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ep\=¨ms¼Ù + _b\m¨åcfxms w ads}|7kms}\ � �åcfay_ � ª7~#�£±G° ø-+ ù{�%ep\�cyxmsu~fs w km\ � cye v \m~ � _b\ � s�_bhocys}ads}¨ � afe v aUc v
afsu~d��\�cyxmsu~fer~}¢

[]\^äwT g å «�  � ¦ kmhp_��¿_b\m¨Åú�kl_2cyepsuafe�ep\�cya v ¨=k � s�séÙ � hpe � ercLafs � afsu~fs}\�cy_Pcye v \ vbw cyxms � xl_b~ds 4 vbw
sÜ_ � x �uv q �¤v \msu\�cE~fep\=su°�_ § s�er\7c v cyxms�q v ¨=s}hÕ«ÿ_P¨m¨mafsu~f~dep\m� � xl_P~fs �}v xmsuafsu\ � síep~d~fkmsu~`_P~f~ v�� ep_Pcysu¨
°{ercfx¥cyx=s v adep��er\l_bhÔõdqt_b��\meocykm¨=s¼ä v \mhr��÷µq v ¨msuh�äwTja�å ¢1[]\¥cfxmep~ w�v afq¿kmhg_Pcfe v \H« 6��° «+± �° «�_b\m¨�� �° «cyx=s	_bq � hpeocykm¨msP« w afs}|7kmsu\ � �b«j_b\m¨ � xl_b~fsP«�afsu~ � s � cye § s}ho��« vPw cyxms;:gcfx/~fer\msu°�_ § s �}v q �¤v \msu\7c vbw
cyx=s1~fer��\l_bh «�_bafsFs}~dcfepqt_Pcysu¨ w a v qJcyxms1�±i � q�_P��\mercfkm¨ms � sÜ_bª7~�er\tcyx=s���cfx w ay_bqÅsb¢ ¦ ~�er\�cyx=s
nlad~dc×q v ¨=s}hÕ«�cfxms±_bq � hpeocykm¨=s}~<_b\m¨ w afsu|7kms}\ � epsu~{_bafs�~dk � qÅercdcys}¨tc v cfxms�qt_Pc � xmer\m�W_Php� v adercfxmq
_b\m¨Rhper\msÜ_badhr��ep\�cysua �¤v hg_Pcfs}¨%c v ¨ms}ade § s�cyx=sE:gcyx¥_bq � hpeocykm¨ms£b w afsu|7kms}\ � ��cyaf_ � ª%��e § s}\ � � 6 ° ø,+ ù_b\m¨�±G° ø-+ ùé¢

[]\ �uv \�cyaf_b~dc�c v cyx=s/q�_P��\mercfkm¨mséä v \mho�æq v ¨msuhÕ«�x v °<s § s}a}«Fxms}ads¥cyx=s � xl_b~ds w km\ � cye v \
8 ° ø,+ ù{er~Ô\ v c1¨=sunl\msu¨Ñ~ferq � ho�%_b~{cyxmsUep\�cfs}��af_bh vbw cfxms¿er\m~dcy_b\�cÁ_b\ms v km~ w afs}|7kmsu\ � �b¢F[]\=~dcys}_b¨�«9_
� k � e � ·�¿=¸2¾�º|º »l½]º¼¹ê·l³��o¸b½4ºÕ³2»S�ÇÆ�»�Å¼½$ºÕ³2» vbw cyx=s w�v afq

8 ° ø,+ ù=.�� D �"+¡D£¢'+ � D£¤Y+�¥ ø T&¢UW�ù
ep~{nmcÔc v cfxmsU~fsuc vbw qÅsÜ_b~dkmafsu¨ � xl_P~fs}~
� �° �	_PcFcfxms w af_bqÅs � v km\m¨m_bafers}~ � � �uv \m~dcfay_ber\mep\=�tcyx=s~fh v�� s vbw 8 ° ø,+ ù ø eÕ¢ sb¢o«bcfxms w afsu|7kms}\ � �=ùí_b\=¨	ercy~ § _Phpkmsu~Z_PcYcfxms � s}��er\m\mep\=�±_b\m¨	su\m¨ vbw cyxms w af_bqts
c v � s±cyxms�qÅsÜ_b~dkmafsu¨ § _bhrkms}~Ô_b\m¨�cfxms}\5epq �9v ~fep\=�µ_µ~dq v�v cfxm\ms}~d~ �}v \m~Úcyaf_bep\�cSäXT g å ¢

¡�eocyxÉcyxms � xm_b~fs w km\ � cye v \m~;� 8 �° ø-+ ù{� 0]¦°3254 ¨msucfs}adqter\ms}¨ w�v a±sÜ_ � x vbw cyxms¨§ � w afsu|�k=s}\ � �cyaf_ � ª7~Fer\�cyxms©��cfx w af_bqÅsb«=cfxms�~fep�b\l_bh�er~×afs}~Ú��\7cfxms}~depßus}¨ � ��cyx=sUads}hp_Pcye v \
ª* � ø-+ ù/. 0 ¦1 °325476 �° ø-+ ù �uv ~ ø«8 �° ø-+ ùfùeF ø T&¢XV�ù

w�v aÖsÜ_ � x w af_bqÅsb¢ ¦�� h v&� ª�¨mep_b��af_bq vbw cfxms �uv q � hpsucfs�_P\l_bhr��~dep~db2~d��\�cyxmsu~fep~`~d��~dcfs}q ep~Ö¨ms � e � cfs}¨
ep\5iLer��kmads|T&¢UT&¢

[]\Ð_å~ferq � hrs%s¼Ù�cysu\m~fe v \Ðc v cyxmsuepaÅ~fep\7km~ v ep¨m_bhFq v ¨ms}h «×  � ¦ kmhp_���_b\=¨�ú�kl_Pcyers}adeSä ��� å
� a v��9v ~fs}¨�_b\�_ �=� a v _ � x�c v cyepqÅs¼äê~ � _bhps�_b\m¨ � erc � xæq v ¨mern � _Pcfe v \ � _b~fsu¨ v \æcfxms w�v hph v °{ep\m�

¬�­�®G¯«°±¯«²l³{¯"¯9²)°�´9°¡³e´9°5¯-µ¶®¸·)®e¯9¹º®»·�¼ ®G½)¾)¿�ÀwÁ�ÂpÃl°�¹º·)Ä/Ål¼�°IÆ�²�°�´9°yÇ»¯9²)°±´«°�È3³e¯«¹3ÉG°±Ê)²�³»¼�°±®GË]¼«°�¯�¼V®e½oÌ�®GÍ�Êt®G·)°�·R¯¼«¹º·)°�µ¶³wÉ»°�¼/³»¼=°�¼�¯«¹3Í�³{¯9°�ÆÎ½n´9®GÍ�¯«²)°�ÏÑÐVÒ¸Ó ³e·lÆE¯«²)°�Ê)²�³G¼«°�ÔlÕ�Öj×�ØyÓ µ¡²)¹ÙÌ�²;¹Ù¼=¯9²)°�³G´«Ä»Å)Í�°�·R¯�®e½±¯9²)°�Ì�®»¼�Ö�Ú Ø½nÅ)·�Ì�¯«¹3®G·
¹3·
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ep¨=sÜ_=©`­&er\ � s�cyxms � _baf_bqts¼cysuaÖcfay_ � ª7~ 6 ° ø-+ ù`_P\m¨ 8 ° ø,+ ùÖ_Pafsí¨ms}~ � afe � su¨	_b~ w km\ � cfe v \=~ vbw cyepqÅsb«ÿcyx=scyerqtséä]~ � _bhrsUs §�v hrk=cye v \ vPw cyxmsu~fs � _Pay_bqÅsucfs}af~ � _b\¥~fepq � ho� � sW_bhrcfs}afsu¨Rc v _ � xmers § s�cyepqÅs¼äê~ � _bhps
q v ¨meon � _2cye v \�¢Öi¯ads}|7kmsu\ � ��ä]~ � _bhrs1q v ¨=ern � _Pcye v \ � _b\ � sÔ_ � x=eps § s}¨ � �Å~fx=e w cyer\m��cyx=sF~dep\7km~ v ep¨l_bh
w afsu|7kms}\ � epsu~ � ade v a�c v afs}~Ú��\7cfxms}~dep~u¢

9S-$'�#j{},£�j;�!@#R'���%G-,æã�j;�*�-$�+�
[]\µcyepqÅs¼äê~ � _bhps�q v ¨mern � _Pcye v \ vbw ~ � s}s � x�«�cfxmsÔ� v _bhmer~Yc vU� xl_b\m�bs{cfxmsÔ~ � sÜ_bªPs}a}ý ~�_ �m� _bads}\�cíay_Pcfs
vbw _Padcye � kmhp_Pcye v \	°{ercfx v k=c � xl_b\m��er\m��cfxms � eoc � x vPw cyxms1~ � sÜ_bªPs}a}ý ~ §�v e � sP¢ � xmep~ � _b\ � s1_ �}�uv qµä
� hrep~fx=s}¨ � ��nlad~dc{¨ms �}v k � hper\m�Wcyxms §bv&� _bhHcfay_ � c{_b\m¨���h v cfcy_bh¤s¼Ù � eocÁ_Pcfe v \ �uv \�cyafe � k=cfe v \m~íc v cyx=s
~ � s}s � xR~dep��\m_bhÕ«&_b\m¨�cfxms}\�q v ¨=e w ��ep\m�UsÜ_ � x5~ds � _Pay_Pcfs}hr�b¢í­ � s � eon � _Phphr�b«�cfxms�cyerqtsÔs §bv hpk&cye v \ vbw
cyx=s §�v�� _Ph�cfay_ � c � _bay_bqÅsucfs}ad~�qWk=~dc � st~ � _Phps}¨ ø adsuØls � cyer\m�Rcfxms�q v ¨mernlsu¨�af_Pcys vbw _badcfe � k=hg_2ä
cye v \¯ùé«�°{xmephrs�cyxmsÔs¼Ù � eocÁ_Pcfe v \µ~dep��\l_Phlep~Zq v ¨meonls}¨µer\t~dk � x�_±°�_Ü�µcyxm_PcZcyxms � eoc � x �}v \�c v kma�_P\m¨
§�v e � er\m� � xl_Pay_ � cys}adep~Úcye � ~ � xl_b\=��s�_Pc�cfxms±q v ¨meonls}¨�cfepqÅsF~ � _bhrsb« � k=c�cyx=s � erc � x�~ � _Phps�ads}qt_bep\m~
km\l_Phrcysuafsu¨�¢

[]\�ä �Ü� åÕ«9  � ¦ kmhp_Ü�5_b\m¨Ñú�kl_2cyepsuafe�séÙ�cys}\=¨¥cyxms v adep��er\l_bh�~dep\7km~ v ep¨l_bhjq v ¨ms}h�c v _ � x=eps § s
cyx=s}~fsÔ~ � s}s � x�cyaf_b\m~ w�v afqt_Pcye v \m~u¢`[]\Åcyxmer~íséÙ�cys}\=~fe v \�«�cyxms §�v�� _bhmcfay_ � cí~d��~dcfs}q w km\ � cye v \tqt_b�Pä
\meocykm¨ms	er~�s}~Úcyerq�_Pcfs}¨ w a v qãcfxms	~fer��\l_bh «�_b\m¨Ñcfxms	~d��~dcfs}q � xm_b~fs	er~±¨ms}ade § su¨ � �/epq �9v ~dep\m��_
qÅep\merqWkmq � xl_b~dsU_b~f~dkmq � cye v \�¢ � xms�afsu~fep¨=kl_bhj_bq � hrercyk=¨ms�_b\=¨ � xm_b~fsU_ w cfs}a�cyx=s §�v�� _bh�cfay_ � c
suâ9s � cy~<xl_ § s � sus}\�ads}q vÿ§ s}¨�_bafs×cyx=s}\�_P~f~fk=qtsu¨tc v � sÔcfxms1_Pq � hrercfkm¨ms×_b\=¨ � xl_P~fs vbw cfxmsFséÙ7ä
� eocÁ_Pcfe v \ �}v q �¤v \msu\7cf~}¢Y¡�eocyx�cfxms}~ds �}v \�cfafe � k=cye v \m~�~ds � _Pay_Pcfs}¨�«mer\m¨ms � su\m¨ms}\�c×q v ¨mern � _Pcye v \m~
vbw cyxms §bv&� _bh�cyaf_ � cF_b\m¨%séÙ � ercy_Pcye v \�cyepqÅs�~ � _bhrs}~Ô_bafs w _ � ephrercÁ_2cys}¨H¢

¦ ~f~dkmqter\m�¥cfxms�¨msu~ferafs}¨�cyepqÅs § _bafep_ � hps +yç ep~�_R~ � _bhpsu¨ § suaf~de v \ vPw cyxms v afer��ep\m_bhLcyerqts
§ _bafep_ � hrs + ��e § s}~ + ç .éè + «�°{x=s}afs;èëê � �}v afafsu~ �¤v \m¨m~�c v _�~fh v °�sua�_badcfe � k=hg_Pcfe v \R_b\m¨ìèëí �
�}v afafsu~ �¤v \m¨m~íc v q v afs{ay_ � ep¨t_badcfe � k=hg_Pcfe v \�¢j¡�eocyxµcyxmer~}«7cyxms{cyerqtséä]~ � _bhps�q v ¨mernms}¨t_bq � hpercfkm¨ms
vbw cyxms<:gcyx5~fer\msu°�_ § sUcyay_ � ª�ep~×��e § su\ � �

6 ç ° ø-+ ç ù�.�î�° ø,+ çnï è�ù�ð)° ø,+ çnï è�ùeñ ø T&¢ Ûbù
°{xmsuafsòîv° ø-+ ù±_b\=¨ ð)° ø-+ ù�ads � ads}~fsu\�cWcyxms v adep��er\l_bhLséÙ � ercy_Pcye v \�_b\m¨�~d��~dcfs}q _bq � hpeocykm¨msu~�_b~U_
w km\ � cye v \ vbw cfepqÅsb«�ads}~ � s � cye § suhr��¢¨ó ç ° ø-+ ç ù¼«�cyx=sô:gcfx�q v ¨=ernlsu¨Ñs¼Ù � eocÁ_Pcfe v \ � xm_b~fsP«`er~ v � cy_bep\msu¨
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� �¥er\�cys}�bay_Pcfep\m�ÅcyxmsUcyepqÅs¼äê~ � _bhpsu¨¥ep\=~dcÁ_P\7cy_b\ms v km~ w ads}|7kms}\ � �¥cfay_ � ªR_b\m¨/_b¨m¨mer\m��cyx=ep~Fc v cyx=s
� xl_P~fs v âH~dsuc � _bafadeps}¨ v�§ sua w a v q cfxms � afs § e v km~ w ay_PqtsP¢�­ � s � eon � _Phphr�b«

ó ç ° ø,+ ç ù=. > @cõ¬ ±G° ø,B çjï è�ù�C B©D�8 ç ° ø i�ù ø T&¢ � ù
°{xmsuafsWcyx=s¿cyerqtsUep\m¨=s¼Ù/_Pc1cfxms � s}��er\m\mep\=� vbw cfxms � k=afafsu\�c w ay_bqÅs¿er~�_b~d~fkmqÅs}¨/c v � s + .�i=«
_b\m¨ 8 ° ø i�ùjep~Ecyx=s � xl_b~ds v â9~fs¼cZ_Pc`cyxms � su��ep\=\mep\m� vbw cfxms w af_bqtsP¢ � x=s�:gcyx¿cfay_ � ª�~d��~Úcys}q � xl_b~ds
ö ° ø,+ ùíep~<q v ¨meonls}¨Åep\�_¿q�_P\m\ms}a<~ferqterhg_baLc v cyx=sF°�_��Åcyx=s�_bq � hpeocykm¨=s{cfay_ � ª7~×_Pafs1q v ¨mernlsu¨�er\
ø T�¢ Û�ùé«m��e § er\m�Wcyx=sUséÙ � afsu~f~fe v \ w�v a�cyxms �}v q �¤v ~feocys�q v ¨ms}h � xl_b~fs

8 ç ° ø,+ ç ù=.�ó ç ° ø-+ ç ù D ö ç° ø-+ ç ùGF ø T&¢cabù
iLer\l_bhpho��«7cyxms±cfepqÅs¼ä]~ � _bhrs}¨�°�_ § s w�v afq?ep~×~Ú��\7cfxms}~depßus}¨Ñ_b~

÷* ø,+ ù=. 01 °º254 6 ç ° ø-+ ç ù �uv ~2ä 8 ç ° ø,+ ç ù³å«F ø T&¢ g ù
¦ hrcfx v km��xÐcfxmep~�qÅsucfx v ¨,xl_b~�cyx=s�¨=s}~ferafsu¨$s¼âHs � c v \ÐcfxmsÉ~fep�b\l_bhÕý ~�cfepqÅs¥~ � _bhpsÉ_P\m¨

� eoc � x � xl_baf_ � cfs}afer~dcfe � ~u«ÔcfxmsÉ_bk=cfx v ad~�afs �¤v aÚcys}¨�_Îõdads § s}a � s}af_b\�cR_badcfe w _ � cy÷ � ads}~ds}\�c5ep\Ðcyx=s
v k=c � k=cNä � a�åH¨mkms�c v cyxms � adsÜ_bª7¨ v °{\5ep\ � xl_b~fs �uv xmsuafs}\ � s vbw cyxms±séÙ � ercy_Pcye v \�~dep\ms¼°�_ § su~}¢ ¦ c
\ vÅ�9v ep\�cÔep\�cyxmsUq v ¨meon � _2cye v \ � a v�� su¨mkmafs�_bads�~Úcys � ~Ôcy_bªbsu\¥c vÅ� afsu~fsua § sUcyxms �}v afafs � c � xl_b~ds
afsuhg_Pcfe v \=~fxme � � s¼c]°�sus}\µcyxms×q v ¨mernlsu¨ �}v q �¤v \ms}\�cf~}«7_b\m¨	cfxmep~Yads}~dkmhrcf~Zep\µ_ � sua � s � cfe � hrs � xl_b~ds
s}ada v a � a v�� _P��_Pcye v \�¢

[]\t_±afs¼nl\ms}qÅs}\�c vbw cyxmer~Ycyerqtséä]~ � _bhps<q v ¨meon � _Pcfe v \W_bhp� v afercfxmq5«Pads w s}adafsu¨Åc v _P~Uõd~fxl_ � séä
ep\ § _badeg_b\�cy÷�q v ¨mern � _Pcfe v \~ä � a�åÕ«�cyx=ep~ � a v � hrs}q�er~ � era � kmq § su\�cys}¨H«bafsu~fkmhocyer\m��ep\±q v ¨mernlsu¨±~ � s}s � x
cyxm_Pc×xl_b~{\ v ads § s}a � s}af_b\�c�_Padcye w _ � c�_b\m¨%afs¼cÁ_ber\m~�cfxms±~fxl_ � s vbw cyx=s v afer��ep\l_Ph¯°�_ § s w�v afq5¢ � xms
qt_ � v aÔepq � a v�§ suqtsu\�cy~�er\¥cyxmsW_bhp� v afercfxmq �uv qts¿_b~±_�ads}~dkmhrc vPw ep\ �uv a �¤v ay_2cyep\=�Åcfxms �}v \ � s � c
vbw _¥·+º ½³Åd¿/·+Æ � ¾�º¥³2»=¾�º¼½�½$º ´�ºWer\�c v cyxms%séÙ � ercy_Pcye v \Bq v ¨msuhÕ¢ � xms � eoc � x � kmhr~fs v \m~dsucµcyerqts
ep~U¨ms¼nl\ms}¨�c v � sµcyxmsÅnlaf~Úc v��}� k=afafsu\ � s vbw _ � erc � x � kmhr~fsÅep\å_ w ay_Pqts^äwT � å ¢ ¦ \åsu~dcfepqt_Pc v a
w km\ � cye v \ w�v a{cfxmep~ � _Pay_bqÅsucfs}a � _b\ � s�¨msuafe § s}¨R~dcy_badcfep\m� w a v q cyxms w�v hrh v °{ep\m�	x�� �¤v cyxmsu~fer~}©�e w
cyx=s���h v cfcÁ_Ph&séÙ � ercy_Pcye v \ � k=hp~fs�cfay_ber\¿er~Yq v ¨msuhps}¨W_b~Z_1~dkmq vbw ~dep\7km~ v ep¨m~u«bcyxmsu\Å_PcLcfxms �9v ep\�cYer\
cyerqtsÔ°{xms}\5_ � erc � x � kmhp~ds v&�u� kmad~}«l_bhrh¤cfxms�~dep\7km~ v ep¨m~�q¿km~dc �uv \m~Úcyafk � cye § suhr��er\�cys}a w s}adsb¢ � � xmer~

ø�Ò±²�Å�¼Y¯9²)°±³e´9ÄGÅ)Í�°�·R¯7®G½)¯«²�°5Ì�®R¼�Ö�Ú ØY½nÅ)·�Ì�¯«¹3®G·�¹3·�Û5ÜRÅ�³{¯9¹º®»·&ÖrÝ_Þ3ßIØYÍ�Å�¼�¯O°IÜRÅ�³eÈ�ù�®»´7ú�½n®»´O°I³GÌ�²=Ì�®»Í�Êl®»·)°�·R¯�Þ
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e(t)
t  = Onset time relative to T0

t’ = Onset time relative to T’0

T = T/ρ
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J�KMLON5PRQTSVUnû X�üôf]mYhÙý7bem;`Ohcx�u��ô`7kYand�b&f)iYdyb{xþx�hn^�b_X=ÿ ç |�� ç �¸q�b{`Yq�bedybei�x�dþx��ob�^�f]mYhÙý7bem��_b{q�d�hcf)iôf_g�x��obbw[ou{hcx�\�x�hcf)iôÿl|��y�&|~\�grxyb{q
�������M���

�}v \m~dcfay_ber\m~���ó�° ø,+ ùe�7«=cfxms�~fs¼c vPw séÙ � ercy_Pcye v \ �}v q �¤v \ms}\�c � xl_P~fs}~u«lc vµv � su�%_	hper\msÜ_Pa w km\ � cye v \
vbwÖw afsu|�k=s}\ � �

ó �° ø,+ ù/. ø-+	��+ �¬ ù¾±G° ø-+ ùGñ ø T&¢ � ù
°{xmsuafs + �¬ er~�cfxms � erc � x � k=hp~fs v \m~dsucícyerqts×qÅsÜ_b~dkmafsu¨t°{eocyxÅafs}~ � s � cíc v cyxms���cfx w ay_Pqts � v km\m¨�ä_baÚ��¢ � xms v \m~dsucícyerqts×er\Ås}_ � x w af_bqÅsÔer~Zs}~Úcyepqt_Pcfs}¨ � �	nm\m¨mep\=�Ucfxms{q�_2Ù&erqWkmq vPw _b\åõ v \m~dsucÚä
cyerqts1hpepªPs}hrepx v�v ¨ w km\ � cfe v \=÷	¨ms}ade § su¨¥er\�äwT � åÕ¢

� x=ep~Zhper\msÜ_Pa � xm_b~fs×q v ¨=s}h � _b\ � s×km~fsu¨µc v nl\m¨	cyx=s�s¼Ù � eocÁ_Pcfe v \ �}v q �9v \ms}\�c � xl_P~fs}~�_2c
cyx=s w af_bqÅs � v km\m¨l_badepsu~}¢ � xms�~d��~Úcys}q � xl_b~fsUep~<cyxmsu\ w�v k=\m¨ � ��~fk � cfay_ � cyer\m�	cyxms�s¼Ù � ercÁ_2cye v \
� xl_P~fs w a v q cfxmsÑqts}_b~fk=afs}¨ �uv q �9v ~dercfs � xl_P~fsb¢ � xmsÉ_bq � hpeocykm¨=s 6 ° ø,+ ù�_b\m¨ §bv&� _bh1cfay_ � c~d��~Úcys}q � xm_b~fs ö ° ø-+ ù � _b\�cfxms}\ � sµcfepqÅs¼äê~ � _PhpsWq v ¨=ernlsu¨É_b~�ep\��Z|�km_Pcye v \m~ ø T&¢ Û�ù±_b\m¨ ø T&¢ � ù
_ � v�§ sb¢tÝ v °<s § s}a}«Öcyxmsµq v ¨=ernlsu¨�séÙ � ercy_Pcye v \ � xl_P~fsôó ç ° ø,+yç ù1qWkm~Úc � s w�v km\=¨ � � � _bh � kmhg_Pcfep\m�
_æ\msu° v \m~fs¼c¥cyerqtsP« +yç ¬ « w�v a%cfxmsÉq v ¨meonls}¨ w ay_bqÅsb¢ � xmer~5\=su° v \m~dsuc5cyerqtsÑer~ w�v km\m¨ � �
_ �u� kmqWk=hg_Pcfep\m� � erc � x � s}afe v ¨=~ vbw cfxms � ads § e v km~ w ay_Pqts�_b\m¨¥nm\m¨mep\=��cyxmsUcyerqts�_Pc1°{x=e � x/cyx=s
nlad~dc � erc � x � s}ade v ¨ w _bhphr~�ep\Ñcfxms � kmadafs}\�c w ay_bqÅsb«E_P~U~dx v °{\åer\ÉiLep��k=afs_T&¢XW=¢8� v cys	cyxl_2c±cyxmer~
_b~d~fkmqÅs}~{cyxl_2cÔ_ �}� kmay_Pcfs � erc � xRsu~dcyerq�_2cye v \�xl_b~ � s}s}\ � s}a w�v afqÅs}¨ w�v a�cyxmsU_b\m_bhr��~fer~ w ay_PqtsP¢

á�\ � sFcfxms{q v ¨mernms}¨Å~d��~dcfs}qÞ_b\m¨ts¼Ù � eocÁ_Pcfe v \ � xl_P~fs}~�_Pc<_ � _badcfe � k=hg_ba w af_bqtsPýþ~ � v km\m¨�ä
_badeps}~�xl_ § s � s}s}\ w�v km\m¨H«`cyx=su��_badsÅ~dkmqÅqtsu¨�c v%w�v adq _ �uv q �¤v ~dercys � xl_b~fsÅs}~Úcyerq�_Pcfsb¢ � xms
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� xl_P~fs{cyay_ � ª w�v aís}_ � x�q v ¨ms}h �uv q �¤v \msu\�c<er~Zcyxmsu\ w�v km\m¨ � �Åkm~fs vbw cfxms � k � e � er\�cys}a �9v hg_Pcfe v \
� a v&� s}¨mkmadsb«¤_b\m¨�cfxms�~ � s}s � x¥ep~×afs �}v \=~dcyadk � cfs}¨ § ep_µ��|7kl_2cye v \ ø T&¢ g ù¼¢

n -@*�����;H�G%¥7¾E�#�
�D�# �G�fI�{},£�j;�!@#î'���%G-,æã�j;�*�-$�+�
ilafsu|�k=s}\ � �7äê~ � _bhps<q v ¨mern � _Pcfe v \±er~Ecfxms�¨mkl_bh�c v cfepqÅs¼ä]~ � _bhrsZq v ¨meon � _Pcfe v \H©9cyx=s<� v _bh�ep~jc v _bhocys}a
cyx=s w ads}|7kmsu\ � ��¨ v qt_ber\ � xl_bay_ � cysuafer~dcye � ~	°{ercfx v k=cÅ_Phrcysuafer\m�¥cyx=s%cfepqÅs�~ � _bhps vbw cyx=s5~dep��\m_bhÕ¢
� v q � afsu~f~de v \ v a�s¼Ù � _b\=~fe v \ vbw cyxms�~ � s � cfay_bh<s}\ § suh v�� s � _P\ � s�_ �}�uv q � hpep~dxms}¨å~fepq � ho� � �
~ � _bhper\m�Wcyx=sUer\m~dcy_b\�cÁ_b\=s v km~ w ads}|7kms}\ � � vbw sÜ_ � x �}v q �¤v \msu\7c{~dep\ms¼°�_ § s¿ep\�cfxms�q v ¨msuhHc v cyx=s
¨msu~fepads}¨ § _bhrkms¿_P\m¨/afsu~d��\�cyxmsu~ferß}ep\=�%cfxms¿~dep��\m_bhÕ¢ ¦ q v afs � xl_bhrhpsu\m��ep\=�Åcy_b~fª¯«�x v °<s § s}a}«jer~Ôc v
� xl_b\=��s±cyxms � eoc � x vbw cfxms�~fer��\l_bhH°{eocyx v k=c � xl_b\m�bep\m�	cyx=sU~ � s � cfay_bhEs}\ § s}h vb� s v a×cyerqtséä]~ � _bhrsb¢

¡�eocyxmer\Åcfxms �}v \�cfs¼Ù�c vbw cyxmsÔ~fxm_ � séä]er\ § _badeg_b\�cíq v ¨meon � _2cye v \W~d��~dcfs}q¡ä � a�å « � eoc � x&äêq v ¨&ä
ern � _Pcfe v \ � _b\ � s¿_ � xmers § su¨ � �5nmaf~dc1~ � _bhper\m�Åcfxms¿su~dcfepqt_Pcysu¨ � eoc � x � s}ade v ¨ �uv \�c v k=a
� ø-+ ù � �
_�¨ms}~depafsu¨ w _ � c v a���« ø eÕ¢ sb¢o«�� ç ø-+ ù=.�� ø-+ ù ï ��«�°{xms}ads�� ê � �uv afads}~ �¤v \m¨=~<c v xmep�bxms}a � eoc � x�_P\m¨
§ e � s¼ä § s}ad~y_�ùé¢�ila v qôcyxmer~}«jcyx=sÅq v ¨mernlsu¨ v \m~fs¼c�cyepqÅs + ç ¬ w�v a�sÜ_ � x w ay_bqÅs � _P\ � s �uv q � k=cysu¨
_b~�¨=s}~ � afe � su¨R_ � v�§ sP«l_b\m¨�cfxms�:gcyx%séÙ � ercy_Pcye v \ � xl_P~fs � _b\ � s �uv q � k=cysu¨�°{ercfx�ercf~ w afsu|�k=s}\ � �
~ � _bhpsu¨¥_P~

ó ç ° ø-+ ù=. ø,+�� + ç ¬ ù���±?°,F ø T&¢ � i�ù
� v °�«P~fep\ � s�cyxmsí~ � s � cyay_Ph�su\ § s}h v�� s�¨mkms�c v cyx=s §bv&� _bh�cyay_ � cÖ~d��~dcfs}qÎafsu~ �¤v \m~fs<qWkm~Úc`qt_ber\7cy_bep\
cyx=s¿~y_PqtsU~fxl_ � s�_b~1er\5cfxms v afer��ep\l_Ph�~fer��\l_bh «mcyxms�~d��~dcfs}qTq�_b�b\mercfkm¨msU_b\m¨ � xl_b~ds¿afsu~ �¤v \m~ds}~
w�v a×s}_ � xRcfay_ � ª�q¿km~dc � s±afs}~f_bq � hpsu¨R_2cÔcfxms�~ � _bhpsu¨ w ads}|7kmsu\ � ers}~

ð ç° ø,+ ù . ÷ð ø ��±G°,ñ + ù
ö ç° ø,+ ù . ÷ö ø ��±G°,ñ + ù ø T&¢ ��� ù

°{xmsuafs ÷ð ø ±}ñ + ù�_P\m¨ ÷ö ø ±}ñ + ù<afs � afsu~fsu\7c1~d��~dcfs}q?qt_b��\meocykm¨=s±_b\m¨ � xl_b~ds�afs}~ �9v \m~fsu~Fer\7cfs}a �9v ä
hg_2cys}¨ w a v q?cyx=sWs}~Úcyepqt_Pcfs}¨/~dep\ms¼°�_ § s � _Pay_bqÅsucfs}aFcfay_ � ª7~�_PcFcyerqts + ¢±ila v q cyxmer~ �¤v ep\�c}«9cyx=s
� xl_P~fs}~ � _b\ � s1er\7cfs}a �9v hp_Pcysu¨�_ � a v ~d~ w ay_Pqtsu~ � �tcfxms � k � e �F� xl_b~ds w km\ � cye v \�«&_b~�ep\��Z|�km_Pcye v \
ø T�¢UW�ùé«l_b\m¨%cyx=s � erc � x�ä]~ � _bhpsu¨%~fep�b\l_bh � _b\ � s�~d��\�cyxmsu~ferß}s}¨H¢
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� x=ep~Åõd~dxl_ � s¼ä]er\ § _Pafeg_P\7c�q v ¨mern � _Pcfe v \m÷�ep~�qt_b¨ms �¤v ~d~fe � hps � ��cfxms±s¼Ù � hre � eoc �uv \�cya v h vbw
� xl_P~fs±_ § _bephp_ � hrs×ep\tcfxms1~dep\7km~ v ep¨l_Ph¤~dep��\m_bh¯q v ¨ms}h ¢ � xms�_b~f~dkmq � cye v \m~�qt_b¨msÔep\ w�v afqWk=hg_Pcfep\m�
cyx=sFq v ¨=s}h¯_badsF��su\ms}af_bh¯s}\ v km��xtc v�� a v�§ ep¨msÔ\l_Pcfkmay_bh ä]~ v km\m¨mer\m��q v ¨meonls}¨Å~ � s}s � x�_b\m¨�_bkm¨me v
~fer��\l_bhr~}«=�bsuc{ØlséÙ=e � hps±su\ v km�bx5c vÅw _ � ephrercÁ_2cysÔafs}hp_Pcye § suhr��s}_b~d��q v ¨mern � _Pcfe v \�¢
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[]\ äwThVm«(T�Û7«(T � å «H_µ~fer\7km~ v er¨l_bhjq v ¨=s}h � _b~ds}¨ v \¥¨meoâHsuafs}\�c1_b\l_bho��~fep~u«l~d��\�cyxmsu~fer~}«�_P\m¨¥q v ¨=ern=ä
� _2cye v \�_bhr� v adercyx=qt~Zer~ � a v��¤v ~fsu¨ � � � s v af��sF_b\m¨�­&qteocyx�¢ � suafqÅs}¨�cfxms�¹1»¤¸f� ¶�¾�ºp¾�»½¼}¶�»¾�¯¶P»l½/¿lº�»
¾�ºp¾ÁÀG	�Âbº¼¹Ç�o¸¼·+»$¹FÀ�À ø ¦ ®×­>b�á ó ¦ ù1~fer\�k=~ v er¨l_bhLq v ¨ms}h «Hcyxmer~±_bhr� v afeocyxmq ads}hpers}~ v \�_P\�eocysuay_Pcfe § s
_b\l_Phr��~fer~Úä � ��ä]~Ú��\7cfxms}~dep~ � _Pay_bqÅsucfs}a¿su~dcfepqt_Pcye v \å_Php� v adercfxmq ep\�hpepsuk vbw cfxms � sÜ_bª�ä � e � ª7ep\=� vbw
cyx=s¿  � ¦ k=hg_Ü�>b�ú�kl_Pcyers}adejq v ¨ms}h ¢�zÔsu~d��\�cyxmsu~fer~ vbw cyxms�q v ¨meonls}¨%~dep��\l_Ph�ep~Ô_ �u�}v q � hper~fxmsu¨ � �
km~dep\m�Å_µ~fepq � hrs�ep\ § suaf~ds¿iYi � _b\=¨ v�§ suafhp_ � ä _P¨m¨ � a v�� su¨mkmafsP¢
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[]\�cyxms ¦ ®×­Hb�á ó ¦ q v ¨msuhÕ«7cyxms�er\ � k=c×~dep��\m_bh&%Gä�'(åEer~�afs � afsu~fs}\�cfs}¨ � �%_W~dkmq vbwÖv�§ suafhp_ �m� s}¨
~fx v adcÚäêcyerqts1~fep�b\l_bh w af_bqtsu~}«
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°{xmsuafs43 ep~ícyxms1\�k=q � sua vbw ~Ú��\7cfxms}~dep~ w ay_Pqtsu~}«50 . ep~<cfxms�~Ú�&\�cfxms}~dep~ w ay_PqtsFhps}\=�bcyx�« -/. ä2'+åHer~_�~d��qÅqts¼cyade � °{er\m¨ v ° w k=\ � cfe v \/cfxl_Pc�ep~1\ v \mßus}a v%v�§ sua±cyxms	er\7cfs}a § _PhCä � 0 . ñ60 . å «E_b\m¨ * � ä�'(åafs � afsu~fsu\7cf~tcfxmsë��cyx w ay_bqÅs�õd~Ú�&\�cfxmsucfe �5�}v \�cyade � k&cye v \m÷/c v cyxms%~Ú�&\�cfxms}~depß}su¨Ð~fer��\l_bh ¢B��_ � x
~d��\�cyx=sucye �±�}v \�cfafe � k=cye v \ * � ä�'(åHep~�ads � ads}~fsu\�cys}¨¥_b~�cfxms�~fk=q vbw _W~fqt_bhrh¤\7kmq � sua vbw ÅÁ³2»=¾¼½ê¸b»l½$»�é¹yºIH�Æ¯º¼»�Å¼¶1~fep\7km~ v ep¨m_bh �}v q �¤v \msu\7cf~}«¯��e § s}\ � �
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°{xmsuafs §£ep~�cfxms�\7kmq � s}a vbw ~fer\�k=~ v er¨l_bh �}v q �9v \ms}\�cy~¿ep\åcfxms w ay_PqtsP«Y_b\m¨ 6��° ñ ± �° ñL_b\m¨ 8 �°_badsWcyxmsô��cfx w af_bqÅs	~fep\7km~ v ep¨m_bhZ_bq � hpeocykm¨=s}~}« w afs}|7kmsu\ � ers}~u«L_b\=¨ � xl_b~fsu~}«Öafsu~ � s � cfe § s}hr�b¢ � xms
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~fh v °{hr��ä § _baÚ�&er\m����_bep\5cys}adq7(ùä2'+åYer~Fkm~ds}¨Ñc v epq � a v�§ s�cyx=s	_ �}� kmay_ � � vbw cyxms�~fer\�k=~ v er¨l_bhÖafs � ä
afsu~fsu\7cy_Pcye v \5¨mkmafer\m�	cyaf_b\m~fers}\�c{~fer��\l_bhH~fs}�bqtsu\7cf~}¢ ¥

¦ \teocysuay_Pcfe § s{_P\l_bhr��~dep~Úä � �7äê~d��\�cyxmsu~fer~ � a v&� s}¨mk=afs{ep~ � s}a w�v afqÅs}¨	c v nl\=¨Åcfxmstõ v�� cfepqt_bhp÷
�}v q �¤v \msu\7c`_bq � hrercyk=¨ms}~u« w ads}|7kmsu\ � ers}~}«�_b\m¨ � xl_b~fsu~ w�v ajcfxms<~dep��\m_bh w ay_PqtsP¢ � xmer~L_P\l_bhr��~dep~Úä � �7ä
~d��\�cyx=s}~fer~ � a v�� su¨mkmads	~fs}suª7~�c v qÅep\merqterß}s±cyx=sW_ �m� a v Ù&epqt_Pcye v \¥suafa v a � suc]°<s}s}\Ñcfxms v adep��er\l_bh
_b\m¨Rq v ¨msuhps}¨R~fer��\l_bhr~ � �5~fs}_ba � x=ep\m� w�v a{cfxms¿~dep\7km~ v ep¨l_Ph �uv q �9v \=s}\�cFcfxl_PcÔ°{ephrhjqter\mepqÅepßus±_
qÅsÜ_b\&äê~f|7kl_bads}¨�s}ada v a�_Pc�s}_ � xåeocysuay_Pcfe v \ vPw cfxmsÅ_bhp� v afercfxmq5¢�[êcUep~1~fx v °{\åer\�äXThVhåYcyxl_2c±cyxmer~
_b\l_Phr��~fer~1qÅsucyx v ¨/ads}~dkmhrcf~1ep\/_b\/ep\ � afs}_b~fs¿ep\/q v ¨=s}h �}v q �9v \ms}\�c±_ �}� k=ay_ � � v�§ sua1cyxms � s}_bª�ä
� e � ª�er\m�	qÅsucyx v ¨�û&eÕ¢ sb¢o« � sucdcys}a�~fs}�bqtsu\7cy_bhE­>�Fz § _bhrkms}~×_Pafs v � cÁ_ber\ms}¨ w�v a�\ v qÅep\l_bh¯\7kmq � s}ad~
vbw ~fep\7km~ v ep¨=~}«×_b\=¨�cfxms � s}a � sue § su¨Ð~ � s}s � xÐ|7kl_bhrerc]�Ber~ � k=¨m��s}¨�c v � s � sucfcfs}aµcyxl_P\ w�v a	cyx=s
� sÜ_bª�ä � e � ª7ep\m�¿_b\l_bho��~fep~u¢ZÝ v °<s § s}a}«m_b\l_bho�&~dep~ ä � ��ä]~d��\�cyx=s}~fer~×_bhr~ v xm_b~<cfxmsF¨=ay_Ü° � _ � ª vbw � s}ep\=�
qWk � x5q v afs �uv q � k=cÁ_Pcfe v \m_bhpho�ter\�cys}\=~fe § s±cyxl_b\ � sÜ_bª�ä � e � ª7ep\=�m¢

� x=s v�§ suafhp_ � ä _P¨m¨�~Ú��\7cfxms}~dep~Z_Php� v adercfxmq�ep\�cyxms ¦ ®�­Hb�á ó ¦ ~Ú�&~ÚcysuqÎer~E_b\ v cfxms}a w sÜ_2cykmads
cyxm_Pc � a vÿ§ er¨ms}~×~ v qts�_b¨ § _b\�cÁ_b�bs}~ v�§ sua �}v q � s¼cyer\m�W~fer\7km~ v er¨l_bh9q v ¨ms}hr~}¢Zz{s}~Ú��\7cfxms}~dep~ vbw cyx=s
~fer��\l_bh{er~�_ �u�}v q � hrep~fx=s}¨ � ��_�~depq � hps%er\ § s}ad~fsÑiYi � _b\m¨ v�§ s}afhp_ � ä]_b¨m¨ � a v�� s}¨=kmafsP«{°{x=ephps
ep\�cyx=s"  � ¦ kmhp_Ü�Hbbú±km_Pcyers}afe±q v ¨ms}h «�_�~dsuc vbw _Pa � eocyay_Pad��ä w ads}|7kms}\ � ��~fer\7km~ v er¨l_bh v ~ � ephrhg_Pc v a
v k=c � k=cf~tqWk=~dc � s �}v q � k=cfs}¨ w�v aµsÜ_ � x v k=c � k=c�~f_bq � hpsP¢ � v q � k=cy_Pcye v \l_bh �uv q � hpséÙ=eoc]�"er~
�}v \ � su\7cfay_Pcfs}¨Ðer\Bcyxms5_b\l_Phr��~fer~	a v k=cfep\ms vbw cyx=s ¦ ®×­Hb�á ó ¦ ~d��~dcfs}q5«<°{xmerhps�cyxms%~Ú�&\�cfxms}~dep~
a v k=cyer\ms1er~�afsuhg_Pcfe § s}hr�Å~depq � hpsP¢ � xmer~�cyaf_berc�ep~�_P¨ § _b\�cÁ_b��s v km~�er\�_ �m� hpe � _Pcye v \m~�°{xms}ads�_b\l_bho��~fep~
� _P\ � s � s}a w�v afqÅs}¨ v â¤äêhpep\=sb« � k=c1~d��\�cyxmsu~fer~�qWkm~Úc � s � s}a w�v afqÅs}¨R|�k=e � ª7hr�b«9~dk � xÉ_b~Fcfs¼Ù�cdäÕc v ä
~ � s}s � xR°�_ § s w�v afq ~d��\�cyxmsu~fer~}¢
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sucfs}a	cyaf_ � ª7~ � a v�§ ep¨msu~t_ �uv \ � s � cykm_bhpho�"~ferq � hps�qÅsucfx v ¨ w�v a	~ � sus � x�q v ¨mern � _Pcfe v \�¢ � xmsu~fs
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8:9�·)®G¯«²)°�´p¹3·R¯«°�´9Ê)´9°�¯�³{¯«¹3®G·�®G½t¯9²)¹Ù¼p°�·RÉ»°�È3®GÊt°¡¹3¼5³G¼"³/½nÅ)·�Ìy¯9¹º®»·�¯«²�³e¯¶¼«Èº¹3ÄG²R¯9È<;�Íþ®_Æ_¹<=�°I¼ ¯«²�°�Ã�³G¼«¹Ù¼ ½nÅ)·�Ì�¯«¹3®G·�¼®e½ ¯«²�°¸¯«¹3Íþ°?>r½n´9°�ÜRÅ)°�·�Ì�;}´«°�Ê)´«°I¼�°�·R¯9³{¯9¹º®»·}Å�¼«°�Æ}¯«®�Í�®_Æ_°�Èo°�³GÌ�²�½n´�³eÍ�°GÞ

� a



~d��\�cyx=s}~fer~ � a v&� s}¨mkmads�¨msu~ � afe � s}¨"_ � v�§ sb¢�[]\¨äwThVm«GT�Û�«?T � å «Y_%qts¼cyx v ¨�cfxl_Pc � a v�§ ep¨msu~�x=ep��x&ä
|7kl_bhrerc]�Ñ~ � sus � xæ_b\m¨�qWkm~de � q v ¨meon � _Pcfe v \/°{eocyxmer\�cfxms vÿ§ s}adhg_ � ä]_b¨m¨ �}v \�cfs¼Ù�cWer~ � ads}~ds}\�cysu¨�¢
� xms w�v km\m¨l_Pcfe v \ vbw cyx=ep~1q v ¨mern � _Pcye v \5_bhp� v afeocyxmq ads}~Úcy~ v \Ñ_"õd|7kl_b~fe ä]xl_Pafq v \me � ÷ v af¨msuafep\=�
vbw q v ¨msuh �}v q �¤v \ms}\�cf~}« � a v�§ ep¨=ep\m�U_ w ay_bqÅsu° v adª w�v a w afsu|7kms}\ � ��ä]~ � _bhpsF_b\m¨µcyerqtséä]~ � _bhrs�q v ¨&ä
ern � _Pcfe v \,cyxm_Pc � afsu~fs}a § su~ � xl_b~ds�ads}hg_2cye v \m~fxme � ~ � s¼c]°�sus}\ �uv q �9v \=s}\�cy~ ø xmsu\ � s�°�_ § s w�v adq
~fxm_ � sÜù¼¢ ¦ õ � xl_b~ v a�ep\�cfs}a �¤v hp_Pcye v \m÷�_bhp� v afeocyxmq er~�ep\ �}v a �9v af_Pcysu¨Ðep\�c v cyxms¥q v ¨mern � _Pcfe v \
� a v&� s}¨mkmads�c v afsu~y_bq � hpstcyxms%s¼Ù � ercÁ_2cye v \B~ � s � cfay_bh×su\ § s}h v�� s5¨=kmafer\m� � erc � x&ä]~dxme w cfep\m�m¢ � xmer~
_bhr� v afeocyxmqJ°{erhph � s±¨mep~ � km~d~fsu¨/ep\%��adsÜ_Pcfs}a×¨ms¼cÁ_berh�ep\ � xl_ � cys}a:W=¢
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W�TLV©GJIL[�KOeSRUNOR�TXWpF�PSRUNOTXW�F/PScr[\h{GJe:MLY W�h\e:KOPSP�P:[`^�[\eJWpF�kleS[ m ML[\TLh{i²_LW�TLVLP`y��AkxGSIL[�P:R�NOTXWpFH~AGSKp~
TLKORUPS[�eJWpGSR�KZR�TqWZ_XW�TLVqFUR�[\P�_r[\F�K*b³WZh\[\e?G6W�RUT�GJI1eS[\P:ILKOFUVwv&GSIL[\T�GSIL[u_XWpTLVnR�P�VL[\h`F�W�e:[\V�GSK�_r[
�:MLT�^�KOR�h`[\Vwy´� �gILR�PQ_XW�T1V5~j_�i�~j_XWpTLV©^�KOR�h`R�TLN�VL[`h\R�P:R�KOT#R�PQMLP:[\V²GSK�V1[`GJ[`eSYZR�TL[¤GSIL[�YZ[`GSILK�V
K�k]P?i�T�GSIL[\P:R�Pjµ¶R�T�^OKORUh\[\V�_XW�TLVLP`v&GSIL[�P:R�T�MLPSK�R�VXW�F�W�YZcLFURUGJM1VL[\P�W�e:[�MLP:[\Vwvrb/ILR�FU[�RUT�MLT�^�KOR�h`[\V
_XW�T1VLP\v�GJI1[ZP:R�T�MLP:KOR�VLP4WpeS[�eS[`cLF�Wph\[\Vt_�iqTLKORUPS[�[`TL[\e:N�iOy��gIL[QTLK�R�PS[�cLW�e:G4RUPxP:i�T�GJIL[`PSR�·`[\V�_�i
G6Wp��RUTLN�GJIL[4RUT�^�[\e:PS[����}��K�k�W�eSW�TLVLKOY£PScr[\h`GSeSMLY¸P:[`G/GJKZ·\[`eSKZR�T�GSIL[x^OKORUh\[\V�_XW�T1VLP\y

�gI1[�T1KOR�P:[�P:i�T�GJIL[`PSRUP!YZ[`GSILK�V�R�T�GSIL[�ª���«tY�K�VL[\F5R�P�e:KOMLNOI1FUi�[ m MLRU^pW�FU[\T�G�GSKx[{�5h\RHGJR�T1N
W�GSR�YZ[{~A^pW�e?i�R�TLN�oXFUGS[\edb/RUGJI�b/ILRUGS[aTLKORUPS[py z GJIL[`eSPuIXW�^�[¤Y�KOe:[a[��1c1F�R�h`RUGSFUiqMLP:[\VsGJI1R�P�PSW�YZ[
oXFHGJ[\e:R�TLNZR�V1[�W1y��XKOe�W�YuMLPSRUh�P?i�T�GSIL[\P:R�P4W�c1cLF�RUh�WpGSR�KOTwvr��[\eSeSW�W�TLVq�5Y�RHGJI ä´¯�¹ v ¯�¯hå c1eSKOcrKOPS[�W
P:i�P?GJ[\Yºb/I1[\eS[xGSIL[xPSRUT�M1PSKORUVXW�F¡cLW�e:GgKpk	GSIL[xPSRUNOTXW�F&R�P�[`P:GJRUYaW»GJ[\Vt¬¼b/RUGSI¤PSKOYZ[xIXW�TLV�~j[\V1RUGJRUTLN�­
W�TLV½P:ML_1GSeJW�h{GJ[\V½kle:KOY GSIL[qPSRUNOTXW�F�PScr[\h{GJe:MLY�y¾�gIL[qe:[\P:R�VLMXWpF�PScr[\h{GJeSW�F
[\T�^�[\F�K�c&[qRUP�GJI1[\T
PSYZK�K�GJIL[`V½W�TLV²YuMLFUGSR�cLFUR�[`Vs_�i²W¢eSW�TLVLKOY TLK�R�PS[�PScr[\h{GJeSM1Y GSK¨NO[\T1[\eJW»GJ[�T1KOR�P:[�b/RUGSI²GJI1[
VL[`PSR�e:[\V�PScr[\h{GJeJWpF�PSIXW�cr[�y

�jT¶W�PSR�YZR�F�W�eQKOcr[\eJW»GJR�K�T©^�R�[{b�[`V�kleSKOY W�TLK�GSIL[\e�c&[`eSP:c&[`h`GJRH^O[pv�K�GSIL[\e�W�M1GJI1KOeSP�ILW*^�[
cLe:KOc&K�PS[\V�eS[`cLeS[`PS[`T�GSR�TLNZ_XW�T1VLcXW�P:P�TLK�R�PS[xM1PSR�T1NZP:R�T�MLP:KOR�VLP/YZK5V1MLF�WpGS[\V¤_�i¤FUKfb/cLW�PSP/eJWpTLVLKOY
cLe:K5h`[\PSP:[\P`vreSWpGJI1[\e�GSIXW�T¤_�i�oXFHGJ[\e:R�TLN�W�b/ILRUGS[xTLKORUPS[
P:R�NOTXWpF ä2¯�¿ v ¯OÀ v ¯�Á v ¯�Â�å y!�5K�Y�[
Kpk�GSIL[\P:[
R�T�^�KOFU^�[�W�Ã:KOR�T�GgoLG:GJRUTLN�Kpk}GJI1[�P:R�T�MLPSK�R�VLP�W�TLV�PSK�h�W�FUF�[\V©�:TLW�eSe:Kfb/_LW�TLV�_LW�PSRUP/klM1TLh`GSR�KOTLP:�ZGSK
GJI1[¤PScr[\h`GSeJW�F�YaW�N�TLRUGSMLVL[ZK�k�[�W�h6IskleJWpY�[pv�b/ILR�FU[aK�GSIL[\e:P�VL[\cr[\TLVÄKOT¨^�KOR�h`R�TLN�VL[\h`R�PSRUKOTLPuK�e
Y�W�T�MXW�FwP:[`GSGSR�TLNQK�k	GJIL[4YZK5V1MLF�WpGSR�KOT�cXW�eSW�Y�[{GJ[`eSP ä´¯�°�å y

EÅPSRUY�RUF�W�e�Y�[{GJILK�VsGJK�GJIL[��5[`eSeJWtW�TLV²�5YZRUGSIÄGS[\h6ILT1R m ML[s¬¼GJILK�MLNOI©W�M1GJK�YaWpGSR�h�­�R�T5~
^OK�FU^O[`P�PSML_1GSeJW�h{GJRUTLNxPSRUT�M1PSKORUVXW�F1h`KOYZc&KOT1[\T�GJP}kle:KOYÆGSIL[�P:R�NOTXWpF¦vOWpTLV�GJIL[`TZ[`P:GSR�Y�WpGJRUTLN
W
h`KOYQ~
cLFU[{�¢W�cr[\eSRUK5V1R�hZPScr[\h`GSeJW�F!h\K�Y�crKOTL[`T�G�^5R�W�RHGJ[\eSWpGJRH^O[ZeS[`[\P:GSR�Y�WpGJRUKOT ä2¯OÇ v ¿�È�å y��gILR�Puc1eSK�h\[\P:P
cLe:K5VLM1h\[\PZW�TÄWpc&[`eSR�K�VLRUh�h`KOY�crKOTL[`T�G�GJIXWpGucLeS[`PS[\e?^O[`PZGSIL[�GJRUY�[�P:GJe:MLh`GSMLeS[�K�kgGSIL[¤KOe:R�NORUTXW�F
P:GSK5h6ILW�P:GSR�h�h`KOYZc&KOT1[\T�GaKpk
GJIL[�PSRUNOTXW�F�v�W�P�VL[\YZKOTLP?GJeJW»GJ[\V²_�iÄGSIL[nW�M5GJILKOe:PaRUT©GJ[`P:GSP�b/RUGSI
P:i�T�GJI1[`GJRUh�PSRUNOTXW�FUP\y
�gILRUP
h\K�T�GSeJW�P?GJP
b/RHGJInGJI1[�Gjb�K�oLFUGJ[`eSRUTLN�YZ[`GJI1K5VLP�VL[\P:h\e:R�_r[\VtW�_rKf^�[�v�RUT
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b/ILRUh6I¨GJIL[aGSR�YZ[QVLKOY�W�R�T�h6IXW�eJWph`GJ[`eSRUP:GJRUh\PuKpk�GJIL[aTLKOR�P:[�W�e:[ah`KOT�GJeSK�F�F�[`V¨KOTLFHi�_�i¢GJI1[�GJRUY�[
PSM1cLc&K�e:G�K�k�GJIL[4P:i�T�GJI1[\PSRUP�kleSW�Y�[py

E�FUGSILKOMLNOI�GSILR�P]YZ[`GSILK5V�V1K5[`P!T1K�G�F�[`TLVQRUGJP:[\FHkrb,[\FUFLGJKdW
h\K�Y�cXWph`G�v�h`KOT�^O[`TLR�[`T�G,YZK5VL[`F¦v
RUG�VLK�[\PgILRUNOILF�RUNOI�GgW�T¤RUY�crKOe?G6W�T�G�crKORUT�G\y�ª�W�T�i�W�M1GJI1KOeSPgIXW�^�[de:[\crKOe:GS[\V�WuF�Wph6�aK�k��:cr[\e:h\[\c�~
GJMLW�F5klMLP:R�KOT1�
K�k±GJIL[�IXW�eSYZKOTLRUh�W�T1V�P:GJK�h6IXW�P?GJRUh�cXW�e?GJP]K�kXGSIL[\P:[gPSMLh6IZY�K�VL[`F�P�É�YZ[�WpTLR�TLN�GJIXW»G
GJI1[�Gjb�K�h`KOYZc&KOT1[\T�GJP�h\W�T¤_r[
VLR�P:h\e:R�YZR�TXWpGS[\VZ_�iaGJI1[
F�RUP:GJ[`TL[\e`v1WpTLV�GJIL[{iaV1K�TLK�G�P:KOMLTLV�FUR���[
GJI1[`iZh\KOYZ[gkleSKOYÆGJIL[�PJW�YZ[�PSKOMLe:h\[py]�AG�IXWpP,_r[\[`T�klKOMLT1V�GJILWpG,GSK�h`eS[\WpGJ[�W�TXW»GJMLeSW�FH~APSKOMLT1VLR�TLN
P:i�T�GJI1[`GJRUh�^OK�R�h\[pv&RHG�R�P�R�YZc&KOe?G6W�T�GgGSKaY�W�R�T�G6WpR�T¤GJIL[dGJRUY�[�~jP:GSeSMLh{GJMLe:[4K�k�GJI1[�TLKORUPS[pvrb/ILRUh6I�RUP
h\K�TLh\[`T�GSeJWpGS[\V�W�e:KOMLTLVZGJIL[�R�TLP?G6W�T�GSP�K�k�N�F�K�G:G6W�FLK�c&[`TLR�TLN�W�TLV�h\F�K�PSR�T1N ä�¿L��å R�TQ^OKORUh\[`V�PScr[\[`h6Iwy
�5RUY�RUF�W�e!h6IXW�eSW�h`GS[\eSRUP:GSR�h\P�IXW�^O[d_r[\[\T�klKOMLTLV�R�T¤GSIL[�WpTXW�FUi�P:R�P/W�TLV�P:i�T�GJI1[\PSRUP�K�k}eS[`[\V�YuMLPSRUh�W�F
R�T1P:GJe:MLYZ[\T�GZPSKOMLT1VLP\v�b/IL[`eS[�RUGQRUPZRUY�crKOe?G6W�T�G�GJKtY�W�R�T�G6WpR�T¢GSIL[�GSR�YZ[¤h\KOI1[\eS[`TLh\[�K�k
T1KOR�P:[
cLMLFUPS[`P/b/RHGJI�GJIL[4e:[\[\V�YZK�GJRUKOT ä�¿�¹�å y

z GSIL[\e:PqIXW�^O[sWpG:GJ[`Y�c1GS[\VÊGSK�Y�K�VL[`F�TLK�R�PS[tb�W�^�[`klKOe:Y�PqVLRUeS[`h`GJFHi�R�T�GSIL[¢GSR�YZ[¢VLKp~
Y�W�R�Twy	Ë/R�h6IXW�e:V�Ì{Í]Î�ÏHÐ]M1PS[�GSIL[/kleJW�YZ[`b,KOeS��K�k/�?klK�eSY�W�T�G]b�W�^O[{klKOeSYZPS��W�TLVa§	KORUPSPSK�TaeJWpTLVLKOY
cLe:K5h`[\PSP:[\P�GJK�Y�K�VL[\F!MLT�^OK�R�h\[`VÄPScr[\[\h6IÄRUTsW�Y�W�TLTL[`e�GJIXW»GuY�W�R�T�G6WpR�TLP4GJIL[�GJR�YZ[Z[\T�^O[`F�KOcr[
PSILW�c&[ ä�¿�¯ v ¿�¿ v ¿�À�å y

�	R�TXW�FUFUi�vXR�TqWZeS[`^�RUPSR�K�TnK�k�GSIL[��:TLK�R�PS[doXFUGS[\e:R�TLNO��W�cLc1eSK�W�h6I�klKOe�GSR�YZ[{~jP:h�W�FU[4Y�K�VLRUoLh�W»~
GJRUKOTwv � W�e:K5h6I1[¤Ì{Í�Î�ÏHÐ,cLe:KOcrKOPS[4PSM1_1GJeSW�h`GSR�TLN m MXW�PSR�~jIXWpeSYZKOTLR�h�PSR�T�MLP:KOR�VLW�Fwh\K�Y�crKOTL[`T�GSPgkleSKOY
GJI1[xPScr[\[\h6I�PSRUNOTXW�F&R�T�GSIL[
GJRUY�[�~jVLKOY�W�RUTwvOGJIL[`T¤oLGSGSR�TLN�WpT�E�Ë�YZK5V1[\F&GSKuGJIL[xe:[\P:R�VLMXWpF¡PScr[\h�~
GJe:MLY�y�Ñ�K*b�[{^O[\e`v}GJI1[`itW�FUPSK�R�TLh`KOeScrKOeSWpGJ[ZW¤PSYZK5KpGJIL[`VtGSR�YZ[{~jV1KOYaWpR�Tn[`TL[\e:N�i�VLR�P?GJe:R�_LM1GSR�KOT
klMLTLh{GJRUKOT¤GJIXWpG/Y�W�RUT�GJW�R�T1P�NO[\T1[\eJWpFwGJR�YZ[{~AVLKOY�W�R�TaW�YZcLF�RHGJMLVL[�h6IXW�eJWph`GJ[`eSRUP:GJRUh\P ä�¿�Á v ¿�Â2å y
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unit selection
concatenation
boundary smoothing
prosody modification
synthesis

text normalization
pronunciation
phonological effects
part-of-speech tagging
syntatic parsing

prosodic phrasing
metrical structure analysis
intonation synthesis
duration prediction

Text analysis Prosody generation Waveform synthesis

text speech
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	 MLe:eS[\T�G�W�c1cLeSK�Wph6IL[\P�GSK�GJIL[�GJ[{��G?~AGJK»~jPScr[\[`h6I¤P:i�T�GJIL[`PSRUP�c1eSKO_LFU[\Y R�T1h\KOe:c&KOeSWpGJ[�R�VL[\W�P,kle:KOY W
VLRH^O[\e:PS[gP:[`G]K�k±oX[`F�VLP`vOR�T1h\F�M1VLR�TLN�F�RUTLNOMLRUP:GJRUh]GJIL[`KOe:i�v�c&[`eSh\[`c1GJMLW�FLcLP?i5h6I1KOF�KONpiOvOP:c&[`[\h6IZcLeSK�VLMLh�~
GJRUKOTtPSh\RU[\TLh`[�v]VLRUNORUGJW�F�P:R�NOTXWpF]cLeSK�h\[`PSPSRUTLNLv]WpTLV¢P?GJeSM1h`GJM1eS[\VsP:K�k¼Gjb�W�eS[�VL[\P:R�NOTwy��gIL[aNO[\TL[`eJW�F
GJ[���G:~AGSKp~jP:c&[`[\h6I�cLe:KO_LF�[`Y h\W�T¤_r[
_LeSK���[\T�RUT�GSKuGJILe:[\[
cLW�e:GSP4¬|P:ILK*b/T�RUT¤�}R�N�MLeS[ ¹ y ¿ ­�
/¬ � ­!GJI1[
W�M1GSKOY�WpGJRUh�h\KOT�^�[\eSP:R�KOT�K�krGJ[{��G,R�T�GJKdW�TZW�_1P:GJeSW�h`G,F�RUTLNOMLRUP:GSR�h�e:[\cLe:[\P:[\T�G6WpGSR�KOT¡v¡¬ ¹ ­�NO[\T1[\eJW»GJR�K�T
K�k�cLe:KOPSK�V1i�kleSK�Y7GSILR�P�F�RUTLNOMLRUP:GSR�h4eS[`cLeS[`PS[\T�GJWpGJRUKOTwvwWpTLVÄ¬ ¯ ­�P:i�T�GJI1[\PSRUPxK�k�GSIL[uPScr[\[`h6Iqb�W�^O[�~
klKOe:Y�y
�gI1[uklK5h`MLP
K�k�GJI1[ueS[`PS[�WpeSh6ItcLeSKOcrKOP:[\VqIL[`eS[�R�P�TLK�GxK�T�W�Tq[\T�GJRUeS[u�g���nP?i5P?GJ[`Y�v�_LM5G
eJW»GJIL[`egKOT�WQP:ML_LP?i5P?GJ[`Y7b/RHGJILRUT¤RUG\y]�gILR�PgP:[\h`GSR�KOT�b/R�FUF&c1eS[\P:[\T�G�W�T�Kf^�[\e?^5RU[`b Kpk	GSIL[\P:[4GSILeS[`[
_LFUK5h6��P\v�GSIL[�oXeSP?GdGjb,K�K�k,b/I1R�h6ItPS[\e?^O[�W�PdW#�?kleSKOT�G?~j[\T1VL�¤GJK¤GJIL[�GS[\h6ILTLR m ML[\PdVL[`^�[\FUKOc&[`V¢RUT
GJI1R�P�GSIL[\P:R�P\y��gILRUP�R�T�GJe:K5V1MLh`GSR�KOTtb/R�F�F!PS[`e:^�[�GSKqcLM1GuGSIL[¤eS[`PS[\W�eSh6Isb,KOeS��VL[\P:h\eSRU_&[`VÄR�T¨GJI1[
	 IXW�c5GJ[\e ¿ R�T�GJK�RHGJPgcLe:KOcr[\e/c&[`eSP:c&[`h`GJRH^O[py
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R�PaW�_LFU[�GSKsW�h\h`[\c1G�R�TLcLM5G�K�k
GS[{��G¤RUT½W�T�i©klK�eSY�WpG�W�TLV²GSMLeST�GSILR�PZGJ[{��GaR�T�GJK¨P:c&[`[\h6I¶R�T²W
Y�W�TLTL[`e�h\KOT1PSR�P?GJ[`T�G�b/RHGJI½I�MLY�W�T½[{�5cr[\h`GJWpGJRUKOTLP`y��gIL[qklKOe:YaWpGSP�W�T1V�[��5c&[`h`G6W»GJR�K�TLP�^pW�e:i
h\K�TLPSRUVL[\eSW�_LFUi�b/RHGJI¢GSIL[¤W�cLc1F�R�h\WpGJRUKOTwy��XKOe�R�TLP?G6W�TLh`[�v]WpTsW�M1GSKOYaW»GJR�hZ[\Y�W�RUF]eS[�WpVL[\euP:ILKOMLFUV
_r[�Wp_LF�[
GSK�[��5GSeJW�h{G�RUT1klKOe:YaWpGSR�KOT�PSMLh6InW�PgGJIL[4TXW�YZ[4K�k�GJIL[dPS[`TLVL[\e/kleSK�Y£GJIL[4Y�W�R�F&IL[�WpVL[\e`v
W�TLV©_&[�W�_LFU[¤GJK¢Y�W��p[�P:[\TLP:[nK�k�GSIL[�Gji5c1R�h�WpF�FUi¾�?kleS[`[{~AklK�eSYZ�tF�W�iOKOM1G\v�h�WpcLRUGJW�F�RU·�WpGSR�KOTwv�WpTLV

¹5�



cLMLT1h`GJMLWpGJRUKOT¢P?Gji5FU[aK�k�R�T1klKOe:YaWpF][\Y�W�R�F]YZ[\P:PJW�NO[`P\y��jTsW�T�ith�W�P:[�v�ÍjÌ�HOÍJI*ÌLKNMaÌ�OXÍ¦Î�Í=PLQEOnYuMLP?G
_r[�cr[\e:klK�eSYZ[\V�KOT�GJI1[�RUTLcLM1G�GJK�VL[\FUR�YZRUGgb,KOeSVLP`v¡P:[\T�GJ[`TLh\[`P\v�W�T1VncXW�eSW�NOeJWpcLILP�R�T�GSIL[dR�TLcLM5G
GJ[���G�ySR&Ì�HOÍTOUQEVWMZÎ�ÏXPZY*Î�Í=PLQEOdY�MLP:G,W�FUPSK4_&[/cr[\e?klKOeSYZ[\V�GJK4h`KOT�^O[\e?G�T�MLY�_&[`eSP\v�VXWpGS[\P`v�P?i�Yu_&K�F�P\v
W�TLV�W�_L_1eS[`^�R�WpGJRUKOTLP�RUT�GSK�b�KOe:VLP/GJIXWpG/h\W�T�_&[4PScrKO�p[\Twy

�gI1[\PS[xGJW�PS��P/W�e:[�PSK�Y�[{GJR�YZ[\P,Y�K�eS[�V1R\[Zh\MLFHG�GSIXW�T¤KOTL[�b�KOM1F�V�[��1cr[\h{G�y!�XKOe�[��1W�Y�c1F�[�v
GJI1[�P:[\NOYZ[\T�G6W»GJR�K�T¢W�T1V¢TLKOe:YaWpF�R�·\WpGJRUKOTnK�k,GJIL[QklKOFUF�K*b/R�TLN�GS[{��G�R�P m MLRUGS[�[\W�P:iqklKOe4I�MLY�W�TLP`v
b/ILKZh�W�T�R�T1h\KOe:c&KOeSWpGJ[�YaW�T�i¤c1eS[\h`KOTLVLRHGJRUKOTL[\V�[��1cr[\h{G6WpGSR�KOT1P\v

]_^9`Nacb�d5e)fhg+iEjcb%kmlNnofqp5pri;jrs%`te0uvd5e)fxw%bzy9{8acb%kmi;j}|t~)fhgt`E�?b%k�|N~)f

_LM1G�RUG�R�P�YuMLh6InYZKOe:[�h6IXWpF�F�[`TLNORUTLN�GJK�VL[{^O[`F�KOcqWZh\KOYZcLM1GS[\e�W�F�NOK�eSRUGSILY GSIXWpG
W�h\h`KOY�c1F�R�P:IL[\P
GJI1R�PgPJWpY�[xG6WpPS�±vXVLML[xGJK�GSIL[dW�Yu_LRUNOMLRUGSR�[`P�R�T�^OK�FU^O[`Vwy

� <DCE���T<6F�<D/2:��t7?FT@T(5�t<61���<6-�:�,;:�<24�7?4A@��ACE<24��A4A�+:=7%,8:=<24 z TLh`[�GJIL[�GS[{��G�IXW�P]_r[\[`TQPS[\N»~
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The man saw the boy with the telescope
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·ª°%¶�½±¿�¸E·ª²�ÀN³t»�ÑNÊ

ù 4�:¨,È�t<24��t79,8(54A7%,8:=<24�:=-�-��T(9-

Õ�´ý¸Nµcµc²Ãµý¿�³tÇÈºc¹\¶�¿�¸E·ª¶�³N´þ¶\´Ó·�°c² !�! �ý¸Nº%ºc¹�¶\¿�¸�·�¶�³t´Ø¶�½Ð·ª°%²¯¾=¸N¿�·�·ª°c¸�·�½�¹�¶\Àt°+·ª¹\Ñ§µc¶�½�½�¶�ÇÈ¶�¹�¸N»
½�º2²�²Ã¿�°ÅÄc´%¶\·ª½�ÇSÄ%½�·J¼6²���QEOU�?¤]°´¢�O�¤]°´¢��.¸N½±Æ�²�¹\¹Ò¸N½�Ç�³5µc¶Zò?²�µ�Ê

Õ#½¯½�°c³8Æ�´m¶\´ ñ ¶\ÀtÄc»�²øN9Ê�\$F¨Æ�¶\·ª°%¶�´�·ª°c²>¿Ã³t´+·ª²�ô5·Å³N¾ S � ü�Ü Õ�JWÁ±·ª°c¶\½x¿�¸N´v»�²�½�Äc¹\·�¶\´
½�²�Ât²Ã»ª¸N¹Ò·�Ñ5º6²Ã½�³N¾�ÇÈ¶�½�Ç�¸�·�¿�°c²�½�¸�·±·�°c²Ë¿�³t´%¿�¸�·�²�´?¸�·�¶�³t´�º2³t¶�´+·�Ê Ü ¶\´c²�¸N»±º%°?¸N½�².ÇÈ¶�½�Ç�¸�·�¿�°c²�½±¶\´
·ª°%²#½�¶�Àt´?¸�¹2¿�¸NÄc½�²�ÇÈ¶�½ª¸�¹�¶�ÀN´cÇ�²Ã´+·ª½�³N¾U·ª°c²Jºc¶\·�¿�°�ºcÄ%¹�½�²Ã½)¶\´ÈÂN³t¶�¿Ã²�µ�½�º6²Ã²�¿�°øF=ºc¸N´c²�¹�F=¸¦J?JWÁ0Æ�°%¶�¿�°
¿�¸�´Þ¼2²¦º2²�»�¿Ã²�¶ZÂt²�µ�¸N½Ë¸Øú�Àt¸N»�¼c¹\²�µcûx½�º6²Ã²�¿�°�Ì5Äc¸N¹�¶Z·�ÑÅ¼+ÑÅ·�°c²¦¹�¶\½�·�²�´c²Ã»�Ê Õ »�³N½�½�µc¶�CU²Ã»�²�´%¿�²�½Ë¶\´
·ª°%²Åºc°?¸�½�²Åµ%¶�½�·�»�¶\¼cÄ%·ª¶\³t´c½Ð³N¾�·�°c²�½�¶�ÀN´?¸N¹�½Ð¿�¸N´ý»�²Ã½�Äc¹Z·�¶\´ý¸>ÂN¸�»�¶©¸E·ª¶�³N´þ³�¾�Æ)¸8ÂN²Ã¾�³t»�Ç ½�°?¸Nº2²

º]®



¸N¿Ã»�³t½�½�·ª°%²�¼2³tÄc´cµ?¸�»�ÑtÁ5¼cÄ%·o·ª°%¶�½o¶�½o¹�²�½�½)º2²�»�¿�²�º9·ª¶�¼%¹�²NÊ�É�°c²�´�·�°c²#¾�Ä%´cµ?¸NÇÈ²�´+·�¸�¹D¾�»�²�Ì0Äc²Ã´c¿ÃÑ�³N¾
³t´c²Ö¶�´+Ât²Ã´0·�³t»�Ñ¯½�²ÃÀtÇÈ²�´+·�¶�½#ÇSÄc¿�°h°c¶\Àt°c²Ã»J·�°?¸N´h¶\·�½#´%²�¶�ÀN°5¼2³t»�¸�·�·�°c²S¿�³N´c¿�¸�·�²�´?¸E·ª¶�³N´�º6³N¶�´+·�Á
µc¶�CU²Ã»�²�´%¿�²�½�¶�´¯Æ)¸�Ât²�¾�³t»�Ç ½�°?¸Nº2²¦¸N»�²Ö³N¾¨·�²�´h¸�ºcº?¸N»�²�´+·�ÁU¸N½�½�°c³8Æ�´h¶�´�º?¸�´c²�¹2F=¼gJWÊ ! °c²Ã½�²¦¿�¸N´
¼2²�¸�·�·�»�¶\¼cÄ%·ª²Ãµ�·ª³S·�°c²�¾�³t»�Ç�¸�´0·)²�½&·ª¶�Ç�¸�·�²�¸N¿Ã¿�Äc»�¸N¿ÃÑ�¶�´c°c²Ã»�²Ã´0·)·ª³S·ª°%²�Ç�²�·ª°c³5µOF !�Û ó S � ü�Ü Õ
¶�½ º2³9³N»�¶�´Ð·ª°c¶\½o»�²�À+¸�»�µ�Á5¸N½ ¿�¸�´�¼2²#½�²�²�´�¶�´ ñ ¶�ÀNÄc»�²�N9ÊU\¦JWÊ ñ ¶�´c¸N¹�¹ZÑtÁN½�º6²Ã¿Ã·�»ª¸N¹?·ª¶\¹\·o¸N´%µÈ¾�³t»�Ç�¸�´0·
¾�»�²ÃÌ0Äc²�´c¿Ã¶�²Ã½Í¸�´cµ>¼?¸N´cµ%Æ�¶\µ%·ª°%½�¿�¸N´>µc¶�CU²Ã»�¸N¿�»�³t½�½�·�°c²¦¼2³tÄc´cµ?¸�»�ÑtÁÒ»�²�½�Äc¹\·�¶�´cÀx¶\´h¸xº6²Ã»�¿�²Ã¶\ÂN²�µ
µc¶\½�¿�³N´0·�¶�´0Äc¶Z·�ÑØ³N¾�Ât³8Æ�²�¹#Ì5Äc¸N¹�¶Z·�ÑúF=º?¸N´%²�¹ØF=¿æJ?J�Ê ! °c²Ã½�²�ÇÈ¶�½�Ç�¸E·ª¿�°Ó¸N»�·�¶\¾=¸N¿�·ª½È¸N»�²�Äc´c¶ZÂt²Ã»�½ª¸�¹
¸N½�º6²Ã¿Ã·ª½Ë³N¾ ·�°c²Ð¿�³t´c¿�¸�·ª²Ã´?¸�·�¶�³t´hºc»�³t¼c¹\²�Ç�Á�¼cÄ%·�·�°c²�¶\»�Ç�¸�´c¶\¾�²Ã½�·�¸E·ª¶�³N´�Ç�¸�ÑÅµc²�º2²�´cµ>·ª³x½�³tÇÈ²
µc²ÃÀt»�²Ã².³N´�·�°c²ËÇ�²�·ª°c³5µÎ³N¾Ôº%»�³t½�³9µc¶\¿�Ç�³5µc¶Zò?¿�¸�·�¶�³t´�¼6²Ã¶�´cÀÐÄc½�²�µ�Ê

��´��Q`]®%Á�`¦T � Á?¸N´x¸�¹�Àt³t»�¶\·�°cÇ ·ª°?¸E·±»�²ÃµcÄc¿�²Ã½�Ç�¸N´+Ñ�³N¾T·ª°c²�¸N»�·�¶\¾=¸N¿�·ª½)³�¾�¿Ã³t´c¿�¸�·ª²Ã´?¸�·ª¶\³t´�¶\½
ºc»�³tº6³N½�²�µ3¸N½Í¸¯ºc»�²�ºc»�³9¿Ã²�½�½�¶�´cÀ¯½�·�²�º§¼2²Ã¾�³t»�²�¸�ºcºc¹�¶\¿�¸�·�¶�³t´h³�¾ !�Û ó S � ü�Ü ÕÖÊ ! °c¶\½Ö¸�¹�Àt³t»�¶\·�°cÇ
¶�´+ÂN³t¹\ÂN²�½¦¸N´3³]C2ó�¹�¶\´c²Ð»�²�½&Ñ5´0·�°c²�½�¶�½¦³N¾±·�°c²�½�º6²Ã²�¿�°ØÄc´c¶Z·S¶\´0ÂN²�´+·ª³N»�Ñ�Äc½�¶\´cÀÅ·ª°%² L ��VzÇÈ³9µc²Ã¹LÊ
û º2³t´>»�²Ã½�Ñ5´+·ª°c²Ã½�¶\½�Á�·�°c²¦½�º2²�²Ã¿�°3¶\½�¾�³t»�¿Ã²�µ>·ª³Î°?¸�Ât²È¸x¿�³t´%½�·�¸�´0·.ºc¶Z·ª¿�°hÂ�¸N¹�Ä%²NÊ ! °c¶\½�¶�ÇÈºc¹�¶\²�½
·ª°c¸�·MF6ü´J�ºc¶\·�¿�°�Ç�¸N»�÷5¶\´cÀ�¶�½�·ª»�¶\Â5¶©¸N¹�ÁT¸N´cµôF"üuü�JË¶\´+·ª²�»�º6³N¹©¸�·�¶�³t´h³N¾�½�º2²�¿Ã·�»ª¸N¹ ½�°?¸Nº2²�¸N¿Ã»�³t½�½Í·ª°%²
Äc´c¶Z·Z �³t¶�´È¼6³NÄc´cµ?¸N»�¶�²Ã½�¿�¸N´�¼2²�¸N¿Ã¿�³tÇÈºc¹\¶�½�°%²�µÈ¼0ÑÈ½�¶�ÇÈºc¹�²±·ª¶\Ç�²Wó�µc³NÇ�¸N¶\´S¶�´+·�²�»�º2³t¹�¸�·ª¶\³t´Ð³N¾�·ª°%²
Äc´c¶Z·ª½ÃÊ ! °%¶�½J¸N¹�ÀN³t»�¶Z·ª°cÇ µc³5²�½J¸N¿�°c¶\²ÃÂt².¶\·�½�µc²�½�¶�»�²Ãµ¯ÀN³+¸N¹�³N¾ÔÇ�¸�÷5¶\´cÀ¦¿�³N´c¿�¸�·�²�´?¸E·ª¶�³N´�½�¶�ÇÈºc¹�²Ã»�Á
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(a)  Original signal

(b)  Time−scale expanded by factor of 2
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(c)  Time−scale expanded by factor of 2
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= ���/� û � û � - �)� � � � � � �d�/�_�cQ� �V�]�/�[�/� öoÔ � Ç �V¨ - ��� õ\öA� � (p� �«� ;¡�L�b= �)�1� � * û � � � �L� �ª� �2= ��� � �/�.*���� ö�Ô *§� � � � � � ���/�u* û � *�]�Aa+� � �V�_� � / Ü £ ï-¤ � - ���V�]¨ea_�_�V�/�/� ��= �/��� û *����]� � *�� ��� OL��* û � ú � a_� � �_� � �V� ��� i =m- � � / ( l � �)�]���� ¨ � �V�ª� � �[¨_�/�,* û � � - �]�L*d/¢� ���P=m= �)�V�/� � �6* ú �/�/�j* û � = �L*�� û =m- � � � �Bö�_ û � � � � � � ���)�.*���� = �[�6*��/��)�y* û � � ��� @c- �/�]�)/¯�]� ��� �V� ���§�³� û � � = �/�¡�)�]¨ � � * û � � �_� �¢� �.* � * û � *§� � ���[� ú � * û ���)� �6� �]�cQú �)�>* û � �]��� �P-]� � � * û � � ����� � �_� � �]�/� � *��Bi[���V�]¨�l � �_�[� ��� *��/�C� ; ���L* � *��V�_� � / �n= �A*�� û =4- � � � (�L�m� ���/� �)� Ç �V¨ - ��� ��õ\öA� � � �]� õ\öL�P��ö
_ û � � �)K����6* � �V�_�]�9� � �]� � �)� ��� �)�pÿ�* û �~f6� � �+� - * =m- * ú � a_� � �L� � ��� �V��* � �)� � * û � � û �P= ��� �* û �'�L���)¨L�)� � � ú �L* û � - *q* û � =m- � � / � �
*�� ��� �)* ö h � ú �6aL�/� (��m� �V�)¨ û *S�[�6aL�/� � �/� � �]����� ��� � � �m� ��=6� �0*����*���* û �SaL�_�)���/� �
= ���/� û � /�* û � �º� �6* û �E� ö!_ û � � �6K-�/�)* ��� / � �[� � � � �/� ��-]� �n* û �1� ; ���L* � *��)�L�� �V¨_� � � = ���E� - ���/� � / = û �L� �L�g�V�.*��/� = �L� � *��)�_�C� ; û � � �A* �S� � � � � *�� � �]¨_� = û �L� � � � û � a+�V�_� � �)* ú ���/�
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= �A*�� û =m- � � � �Bös� / ���)� � �Â� ;¡�L� �V� � *��)�_��� �NÇ �)¨ - ��� õ\öA� � ( �L*T� � � � � � �/�/��* û � *�* û �Â�[�)�]¨_�V�]¨µ� �* û � � �_� �¢� ��* ú � a_� � �L� ���¢� �/�/� � � � �V� ��� ����¨ - � � � � -]� * � � � �_�[�j* û � �L� � �)*¢� ��� �]� ú =4- � � � ö
Ç ��� � * û �2*�� � �Â�]� ��� �)� � � �L� � ú �_��O~�]�)a_�/�V� = �/� �L� ��aL� ( * û � ��� �
*�� ��� �6*d� � � � � � � � �2aE�V� ú �/��L�T�e= û �L� �Â�¡� � *��_�
*��)�_�ª� �P-]� �/� � /r* û ����a_�/�[� �P=m= �)�]¨ = �A*�� û = �/���V�+� ú �V�]�]� ú �Bö
Ã�Ä	Ã !#"½ÎºÍ¶Ë $ Ð�Ï%"½ËCÒ'Ð/Ì'&
Ç �_���/�L��aL�/�]�V�/�]��� ( a_�_�V�/��� � �¡� - �.aL�_�)���/� �
= ���/� û � ������� = ��� � ����*��/�½�V�r* û � ����� � ��� �]�]��� � /* û � � �)� -]� �L�)� � � � �E�]�/� ö�: ��� ��� �_�]�A/.QI�/�A*���� = ��� � �)� � �)� � �)� -]� �_�)� � � � �E�]���AQ �]�L� ��� �
= ���/� û� �+�]�Af6� � *��)�L� � �)¨L�_���A* û ��� � � * û ��� ; � � *����]�/�°� �º� ��QI� � �)�V�/�½i0*��_� � �Ll � �
*�� ��� �)* � �)� - �.aL�_�)���/���= �/��� û ��� *��/�'*�� � �)Q � � � �)��� ;>=6� � � �)�_���_�º� � � � �)�¡¨½� � * û � = �L*�� û ö]� �]� � �6* û �+� � �_�§�/�V��� -]� Qa_���.*��)�¡¨Æ* û � � � � �
*�� ��� �6* � � � *�� -]� � � � ���.*��)�[�/�A/ �]�AK������/�.* � �+�¡�/� � �L� - �.a_�_�V�/�/� = �_�
*��)�_� �� � * û � ��= �/�/� û � �)¨_� � � ön:d� �]� � ����� � �/�¿�)� � �/�6*��)�_� vzöA��ö õ>( ��� � � � ��� û ��� � û � aL� = �[� = � � �/� û � �0Q� �_�]�)� ��� *��+� û �L� *��)�T�]�/��� �b= � � �L*��V�_� � � � * û � � �V¨_� � � � �_�9�/�E�]�)�]¨1£ õ>��(\õ�F ¤ �L� � �+�]�Af6� � *��)�L�³£ ÷.�m(õ�õ ¤ ö H � � *'� � * û � � � � ��� �]�L� �����_����� = ��� � ����*��)�]¨�* û � = �/�[�)�E�]�)� = �L�
*��V�_��� � * û � � �)¨_� � � � / ��� �AQ� -]� �L�)� � � � �+�¡�/� � �]��* û ��� � �+�¡�/�)�V�]¨+* û �²��� � �V� -6� � � �)¨_� � � ��� * û �d� - * =4- *�� � � *�� � �)Q\a � �
/E�)�]¨
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f6�A*��/�º� ; �/�A*��/� � / ú�û �A*��ª�]�L� � � ö¬: �L* û � - ¨ û �¡�/�/� �b= � � �A*��V�_� �º�
- � û �L� * û � � ��� � � � �L*��)¨ � *��� � � �e*d/ = � � � ��� �
*�� ��� �)* �6( �A* û �L��� ���/�°�]�P*����y* û � *�* û ��� - * =4- * � �V¨_� � �¶� � *���� ��- K���� ��� ��� �� � � ��O³� � i = �/�[�/� = * -6� � �Ï-]� �V�_�4lª� � * û �M* ú � � �V¨_� � �t�/� ��= �_�]�/�.* � £ ÷�÷ ¤ ö`_ û � � �[� �
- �L* � �)�É* û �� �V� -]� �_�V� � � � �]�å�]�_� � � =6� �
* �¢� �/�V�]¨ = �/�[�/���La_��� �L� * ú �¯�¡� � *��)�]�)* � � - �[�/� �¢� /Æ* û � �V� � *��/�¡�/� (� � * û ���s* û � � �L�T��� �V�]¨_�)� (4- �]�Af6�/� � � - ����� ö_ û � � �V¨_�_���A* û � = ��� � ����*��/� �)�Æ* û � ��� �/�)*��V�_� ô�� �]� �V� £ ¥�� ¤ ù � ��� � � ; *��/� � �)�_� � � * û �: � � �L/ � � � Q � /.Q � /E�m* û � � � ����� a_����� �P= Q : �]� ô�:J���4�����g:/ùt� �)� -]� �_�)� � � � �+�¡�/� ö Ô �M* û � � � ; *��/� � �)�_� (�]�_� � �<QI�)�LOL� � �/¨ � �/�.* � � � * û � � �V¨_� � � � ���µ��� = ��� � �/�.*��/� � / � �V� -]� �_�V� � �p��� �b= �_�]���.* �%(g�4- *`* û �= û ��� � � � � * û � � � � �V� -]� �_�V� ��� ��� ��� �]� =4- � � *����É*�� = ��� � ���
a_��* û �yi = �����/� = * -]� �<� � �]�¡� � �¡� ��� l� � * û � � �V¨_� � � ��� *��/� � �+�¡�Lf6� � *��V�_��ÿn* û � *T� �6( *������ � ��a_��* û � = �/�[�/� = *��)�L� � � *��_� � �)�A*d/1�)�Ö* û �� �V¨_� � � öN: = �/�[�/� = * -6� � � �P*��La � *��V�_� � �L�z* û � ��� �V¨_�_���A* û � � � ¨_�LaL�/� (]�L� � �m�º� �[� @�- �/�¡�6/.QI�]� �¢� �V��)�.*��/� = ���6* � *��V�_��� � �A* � �[� ��- �L*��V�]¨µ�6K-�/�)*²�_�Ö* û � � �)¨_� � � ö�Ç �V� � �)�A/ ( * û ����� ��- �A* � � �¶���
-]� �[�/�)*��Aa_��/� �b=6� ��� � �_�n*�� � *d�6a � � -6� *��V�]¨2* û ���6K-�/�6*��LaL�/�]� ��� � � * û � � �)¨_�_�[�L* û �È� ��� � � � � = �[� � ���.*��/� ö
�������
� (*)+£%+-,�.Õ£�¥+¨�¤zÚ0/21g£}¢
/ª¤z¥4365�¥?¢
)7,8+
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)�Ú@7ACBED�ACFHGJI8KML%N*OMGJP�Q
K-GJPROTS � �b= �V���V� � �V�L/ ( �L*VU �L�9� ���/� � � - �]�S*WU � *~*XU]� :J���4�����g: � �E�]�/�� � � �P=6�L� �)��� �'��� �L*XU �Ï- �V�L/~��� = ���E� - ���)�]¨ � �P*WUoa_�_�V�/��� � �¡� - ��aL�_�)���/� � � - �¡� ��Y U¡�/� �1� � �L� �
-4= � � *�� = �/���V�+��� �g� � � �)�)�V� � �/�/�L�]� � �_�g�)� ��� � ��-¡� �/�º�)� � /E��*XU]� � � �[Z h � Y �)a_��� (�Y U]���M*�� � �)Q � � � �)�� ;>=6� � � �V�_� � �¡� � �_� = �L*��\U¢� � � � �)�]¨�� = �/� � *��V�_� �'� ��� = �/� � �L� � �/� ( *WU¡� - �.aL�_�)���/� � �/¨ � �/�.* � * � O���_�r*WU¡� ��� ��a_�<Q � �/�.*��V�_�]���#i0*��_� � �Ll��\U � � � �6*��/� Z

_ U¡� � �[�_�)�µ� � *�� � �)Q � � � �)��� ;m=]� � � �V�_�¯�V�°� �P-]� �V�]¨�*XU]� �Â� �0*�� ��� �6*�� � � � ��� ;>= � � �)�]���¿�V�
*���� ��� � � � - ���[�/�.*�*WU]���_���V� � � �+= �L*��\U = �/����� = *��)�_� Z�� �]�Ö*WU¡�/�_�0/ ��- ¨L¨_� � * � *XU � *e*XU]� � � � �V��L�[� �)¨L� � *WU]� = �/�[�/���La_��� = �L*��\U�� ��� *��L�]���/� ��= �V� ;³�6�L� ���°�L�o*XU]���)�.*��/�
a � � �C� �6* Y �/�/� = � � O ��)�É*XU]�ef6�]�e*�� � � � *�� - �6* - ���µ� � *WU¡� � �)¨_� � � � *�a � �[�)� -¡��= �_�V�.* � �_�o*WU¡� �6�L� �V� � � � � �§� � � �]� Î (�)�.*��/¨_� � *����°��a_��� � *�� � ���V��*��/�0a � �'�L�y*XU]���L���]���Â� ��� �)a_�/� � � � �V�)�)� � ���/�_�]� � £ ¥�� ¤ ZS_ U -¡�%( � ��/� � � �L*�� � �0/ � �)*C� �p� �)� -]� �_�)� � �g��� ��= �_�¡�/�.* �]Y �L*WU �/�_� � * � ��* �L��= �)�A* - �]� � �¡� � ��� @�- �/�]�)/_^Y� Z ¨ ZL(� *�� � �)Q"� ;>=6� �¡�]�/� � /E�.*WU]� � � � � � ��� ��` Y �)�)� = ���E� - ���°�[�/¨ - � � � =6� *
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� ����� �[� *XU]� �]�L� �V� � � � � �§� � � �]� (3� �]�j*WU]� � � � �)� Y �)�V�S���/���_¨_�]�Lk/� = �[� � �V�]�/�.* = �/���V�+�¡�)�/�A*��V� � �V�
*WU¡� � � =6� *�*������ �[Z}³ U]����*XU]�?*WU]� � �)� -]� �_�)� � �¡�/� �b= �_�]����* � ��� �¢� �V� � * � *��V�_� � �0/ � �L� � � - � � *��)�L�� �V¨_�]�Af6� � �.*��L/�� � �[¨_� Y �L*XU���� �
= ���6*�*��e*WU¡���V�.*��/¨L� � *��)�_�S*�� � �C� � *WU]� � U -]�¢� � = �L*��\U~�]�)*��/�)*��V�_�� �/�\U � �¡� ���j( *XU]����� � /E��*XU]� � � k��/� �
= ���/�\U � �)¨_� � � � ��¨_�)� � *��e* � O����_� � *��_� � �S�\U � � � �)*��/� Z

Ô *gU �L�'� � � � � ���/��� �]� ���
aL�/�X*WU � *{*XU]� � *��_� � � � �
*�� ��� �)* � � � ;¡� �/��� �6� *��/� � / = �L*��\U>QI� � � � �)�]¨� �+�]�Af6� � *��)�L� ZqÔ �~£ vPx ¤ ( H � :J- � � / � �]��t -6� *��V�/�[�J� -]� *�� � /�*XU]� -]� ��� � *WU]� � �)� -]� �_�)� � �¡��� = ��� � ���>Q* � *��)�L� � �_� - �.aL�_�)���/� ��= �/���\U � / � � � �[¨ -]� �/�.* �]�L� ���½�_��*XU]�ih � �cU - �]�/�cQ � �
j�6aL�º� ;m=]� � � �V�_�� �_�C�¡�_� � �)QI�V� O�� � �V¨_� � � ��Z`_ U]�6/©���_�]��� - �]�M*XU � *�*XU]� � �[� = �[� � �/�.* � *��)�_� � �_� - ��aL�_�)���/� ��= �/���\U°� �
a � �)�V� Y U]�/�o*WU¡� � �)� -]� �_�)� � � �/� ��= �_�]�/�.* �Â� ��� ��=]� �/��� i[���)� � �/�L/³�/�]� - ¨�U4lÖ*���� � �\U°�P*XU]�/���V�� ��� @�- �/�]�)/b*XU � *,*WU]�T�/� � � �º� �)� = � Y �/� �
= ���6*�� � �¬�]�/� � �L*d/�� � �[�/� � *��Aa_�/�A/ ��� �E�P*WU �L�����Ï- �]�)*��V�_�� �¬� ��� @c- �/�]�)/ Z{³ U]�/�X*WU¡� �Ï- �]� �L� �/�.* � � � ��� @�- ���]�6/µ� � *XU]� � �)� -]� �_�)� � �]�/� �b= �_�]����* � � � � � � � ����)� � ¨_�LaL�/� � � �L� � ( *XU]�C��� �b= �_�]���.* ��� �/�/� � � � �_�[� Y �V�]�/�A/ �
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ønÃ ´ ½ ´�¹PÕ�º Á ¹f¾ ¼sÁ!Ã ´�¹1Õ�¥�Æ1´ µ�Á ¸^Ö�´ µ ¾�·&×�£ ½ ¸#¹P¾ ³ ¸ ³ ¿�¸ µ £ Á ´ Á!Ã £ Á*Ø,Á £+�a´ ³ £x¹/£TÙ Ã ¾aº#´ ØMÁ!Ã ´:×�¾M¾�ºÄ¾ ¼i Î º`¸#¹ Á ´ ³ ´ ½ ¹m¿�¸#¿ ³ ¾ Á × ½ ´ ¼ ´ ½ ¾ ³ ´�£aº`»�¾ ½ ¸ Á!Ã ·Ú¾5Öa´ ½HÁ!Ã ´�¾ Á!Ã ´ ½RÛvønÃ ¸`¹H¹PÕ�»a»�´R¹ Á ¹ Á!Ã £ ÁH¼ ¾ ½8Á!Ã ¸`¹
×�£ ½(Á ¸ µ Õ�º#£ ½ £a×�×�º`¸ µ £ Á ¸#¾ ³�Ø�Á!Ã ´ ½ ´[¸#¹ ³ ¾ µ º`´*£ ½ £a¿,Öx£ ³�Á £a»�´4¸ ³ ¹1×Ä´�´ µLÃÝÜ Õ�£aº`¸ Á%Þ�Á ¾W¥Ä´[»�£a¸ ³ ´R¿�¥ Þ
Õ�¹1¸ ³ »i¾ ³ ´:·&´ ÁPÃ ¾M¿w¾ ½�ÁPÃ ´:¾ Á!Ã ´ ½RÛ�YÁ ¹ Ã ¾�Õ�º`¿�¥�´:´R·&× Ã £a¹1¸CüR´�¿ ÁPÃ £ ÁfÁ!Ã ´[£xº#»�¾ ½ ¸ ÁPÃ ·W¹dÙ�´ ½ ´ Á ´�¹ Á ´�¿ß£a¹f×�£ ½1Á ¾ ¼ £ ¼ Õ�º`º ø&ø k
¹ Þ ¹ Á ´R·àÙf¸ Á!Ã ¹P´-Ö�´ ½ £aº�¸ ³�Á ´ ½ ¿,´R×�´ ³ ¿�´ ³�Á ·&¾M¿,Õ�º#´�¹ Û k�´�Ö�´ ½ £aº ¼ £ µ-Á ¾ ½ ¹�·g£ ÞuÃ ´Rº`×�´TsM×�ºe£a¸ ³ Ù Ã?Þ
Á!Ã ´ Á Ù�¾&¹ Þ�³�Á!Ã ´�¹P¸`¹/·&´ ÁPÃ ¾M¿,¹n× ½ ¾�¿�Õ µ ´ ½ ´R¹1Õ�º Á ¹n¾ ¼ ¹1¸#·&¸#º#£ ½ ¹1Õ�¥�Æ1´ µ�Á ¸^Ö�´ Ü Õ�£aº#¸ Á%Þ ¸ ³7Á!Ã ¸`¹f£a×�×�º`¸^á
µ £ Á ¸#¾ ³�â

ã � ×Ä¾ ³�½ ´�Ö�¸#´-Ùä¾ ¼�Á!Ã ´�¹ Þ�³�Á!Ã ´�¹P¸Cü�´R¿g£aÕ�¿�¸`¾/Ç�º`´R¹ Ø ¸ Á Ù�£a¹ µ º#´*£ ½�Á!Ã £ ÁDÁ!Ã ´�¹ Þ�³�Á!Ã ´�¹P¸`¹ ½ ´R¹1Õ�º Á ¹
¼ ¾ ½ ´R£ µLÃ ¹P´ ³�Á ´ ³,µ ´ßÙ�´ ½ ´�´R¸ Á!Ã ´ ½ ¥�¾ Á!Ã Ö�´ ½1Þ »�¾�¾M¿ä¾ ½ ¥Ä¾ ÁPÃ Öa´ ½1Þ ×�¾M¾ ½ ¸ ³äÁ ´ ½ ·W¹&¾ ¼
³ £ Á Õ ½ £aº ³ ´�¹P¹�£ ³ ¿W¾JÖa´ ½ £aº#º Ü Õ�£aº`¸ Á%ÞaÛDånÃ ´ ³ £ Á Õ ½ ´8¾ ¼
ÁPÃ ´/¿,¸#¹ Á ¾ ½1Á ¸#¾ ³ ¹d¹1Õ�»�»�´�¹ Á ¹ Á!Ã £ Á�Á!Ã ¸`¹
Ü Õ�£aº`¸ Á%Þ ¿,¸poÄ´ ½ ´ ³�µ ´�Ù�£x¹ ³ ¾ Á ¿�Õ,´ Á ¾ µLÃ £ ½ £ µ�Á ´ ½ ¸#¹ Á ¸ µ ¹g¾ ¼/Á!Ã ´�× ½ ¾a¹P¾�¿ Þ ·W¾�¿�¸`Ç µ £ Á ¸#¾ ³
£aº`»�¾ ½ ¸ Á!Ã ·W¹ Ø ¥�Õ Ád½ £ Á!Ã ´ ½jÁ!Ã ´f¹P´ Á ¾ ¼�µ ¾ ³�µ £ Á ´ ³ £ Á ´�¿gÕ ³ ¸ Á ¹j¹1´Rº#´ µ�Á ´R¿ ¼G½ ¾�· ÁPÃ ´8¸ ³ Ö�´ ³?Á ¾ ½1Þ
¿�Õ ½ ¸ ³ »�Õ ³ ¸ Á ¹1´Rº`´ µ�Á ¸#¾ ³
ÛæånÃ ´wÕ ³ ¸ Á ¹P´Rº`´ µ-Á ¸#¾ ³ ·W´ Á!Ã ¾�¿�Ù�£a¹ ÁPÃ ´w¹!£a·&´ ¼ ¾ ½ ¥�¾ Á!Ã�Á!Ã ´
¹1¸ ³ Õ�¹P¾a¸#¿�£aº
·W¾�¿�´Rº�£ ³ ¿±Ú�k,È:ÉtÊ µ £x¹P´R¹ Û�%³ßµ £a¹P´�¹/Ù Ã ´ ½ ´ ÁPÃ ´4¹ Þ�³?ÁPÃ ´R¹1¸#¹ ½ ´R¹1Õ�º Á ¹/Ù�´ ½ ´[¾ ¼ Öa´ ½1Þ�Ã ¸`» Ã�Ü Õ�£xº#¸ Á%Þ £ ³ ¿ ³ £ Á Õ ½ £aº ³ ´�¹P¹ Ø
ÁPÃ ´wÕ ³ ¸ Á ¹�¹P´�º#´ µ-Á ´�¿äÙ�´ ½ ´�·W£ Á!µLÃ ´R¿�Ö�´ ½1Þ Ù�´Rº#º Á ¾Ý´*£ µLÃ ¾ Á!Ã ´ ½ ¸ ³æÁ ´ ½ ·&¹�¾ ¼ ¹P×�´ µ-Á!½ £xº
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¹ Ã £a×�´ Ø ×�¸ ÁPµLÃ�Ø ´ ÁPµaÛ�ånÃ Õ,¹ ÁPÃ ´ ½ ´R¹1×Ä¾ ³ ¹P¸#¥,¸#º#¸ Á ¸`´R¹�×�º#£ µ ´�¿�¾ ³�ÁPÃ ´:× ½ ¾�¹1¾M¿ Þ ·W¾�¿�¸`Ç µ £ Á ¸#¾ ³
£aº`»�¾ ½ ¸ Á!Ã ·ç¸ ³ÂÁPÃ ´R¹1´ µ £a¹P´�¹WÙ�´ ½ ´wÖ�´ ½1Þ ¹Pº`¸#» Ã�Á�Ì ×�¸ ÁPµLÃ ·&¾M¿,¸`Ç µ £ Á ¸`¾ ³æ¼ £ µ�Á ¾ ½ ¹ µ º#¾�¹1´ Á ¾1 ` f Û2è-Û Êm¹4Ù�¾�Õ�º`¿æ¥Ä´W´DsM×�´ µ�Á ´R¿ ØjÁPÃ ´7¹PÕ,×Ä´ ½ ¸#¾ ½ ¸ Á%Þ ¾ ¼ ¾ ³ ´�£aº`»�¾ ½ ¸ Á!Ã ·à¾5Ö�´ ½[Á!Ã ´7¾ Á!Ã ´ ½
Ù�£a¹ Á!Ã Õ�¹�º#´R¹1¹4£x×�×�£ ½ ´ ³�Á*Ø ¹P¸ ³,µ ´i¥Ä¾ Á!Ã Ù�´ ½ ´g´�¹P¹1´ ³�Á ¸#£aº#º Þ�½ ´�¹ Þ�³�Á!Ã ´�¹P¸#é�¸ ³ » Á!Ã ´i¾ ½ ¸#»�¸ ³ £aº
¹1×Ä´�´ µLÃ�Ûuê ¾ Á!ÃÅÁ!Ã ´êÚ�k�È�ÉpÊë£ ³ ¿æÊ ê k�ì�È�ÉtÊë·&¾�¿�´Rº`¹[£ ½ ´ µ £a×�£x¥�º#´W¾ ¼n³ ´R£ ½ º Þ áY´Ds,£ µ-Á
½ ´ µ ¾ ³ ¹ ÁP½ Õ µ-Á ¸#¾ ³ ¾ ¼sÁ!Ã ´�¾ ½ ¸#»a¸ ³ £aº Ø Õ ³ ·&¾M¿�¸^Ç�´R¿w¹1×Ä´�´ µLÃ�Û�%³Wµ £a¹1´R¹�Ù Ã ´ ½ ´8¥�¾ Á!Ã ´DsM´R·&×�º#£ ½ ¹�Ù�´ ½ ´/¾ ¼ º`¾JÙ Ü Õ�£aº#¸ Á%Þ £ ³ ¿ ³ £ Á Õ ½ £xº ³ ´�¹P¹ Ø?Á!Ã ¸#¹�¹P´�´R·&´R¿
Á ¾[¥�´/¿,Õ�´ Á ¾4£ µLÃ ¾�¸ µ ´8¾ ¼ ¹ Þ�³?ÁPÃ ´R¹1¸#¹�Õ ³ ¸ Á ¹ Á!Ã £ Á × ½ ¾M¿,Õ µ ´�¿7¥�£ ½ ´Rº Þ áY¸ ³�Á ´�º#º#¸`»�¸#¥,º#´�¹P×�´R´ µLÃ�ÛkM¸ ³�µ ´ i - ¾ ¼�Á!Ã ´ i Î º#¸`¹ Á ´ ³ ´ ½ ¹�Ù�´ ½ ´ ³ £*í î`Öa´ Á ¾�¹1Õ�¥�Æ1´ µ-Á ¸^Ö�´ Á ´�¹ Á ¹j¾ ¼ ¹1×Ä´�´ µLÃ&Ü Õ�£aº#¸ Á%Þ�ØaÁPÃ ´R¹1´
º`¸#¹ Á ´ ³ ´ ½ ¹�·W£ ÞßÃ £*Ö�´ µ ¾ ³ ¹P¸`¿�´ ½ ´R¿�¥Ä¾ ÁPÃ ´TsM´R·&×�ºe£ ½ ¹ Á ¾w¥�´&¾ ¼ ì1´ Ü Õ�£aº#º Þ ×�¾�¾ ½ í Ü Õ�£aº`¸ Á%Þ
£ ³ ¿�¹1¸#·&×�º ÞWµLÃ ¾�¹1´[¾ ³ ´�¾ ½�Á!Ã ´:¾ ÁPÃ ´ ½ ¥ ÞwµLÃ £ ³,µ ´ Û

ã Ê ³ ¾ Á!Ã ´ ½:¼ £ µ�Á ¾ ½�Á!Ã £ Á�½ ´R¿�Õ µ ´R¿ ÁPÃ ´ ³ ´ µ ´R¹P¹1¸ Á%ÞÝ¼ ¾ ½ £w¹P¾�× Ã ¸#¹ Á ¸ µ £ Á ´�¿Å× ½ ¾�¹P¾�¿ Þ ·&¾M¿,¸`Ç,á
µ £ Á ¸`¾ ³�Á ´ µLÃ�³ ¸ Ü Õ�´4Ù�£a¹ ÁPÃ ´ ¼ £ µ-ÁmÁPÃ £ Á8Á!Ã ´T¿,Õ ½ £ Á ¸#¾ ³ ·&¾M¿�´�ºp¸ ³�ÁPÃ ´4¹ Þ�³?ÁPÃ ´R¹1¸#¹�¹ Þ ¹ Á ´�·
Ù�£a¹ Ü Õ,¸ Á ´�¹1¸#·&×�º#¸`¹ Á ¸ µaâsÁ!Ã ´�Õ ³ ¸ Á ¹n´Ts ÁP½ £ µ-Á ´�¿ ¼G½ ¾a· Á!Ã ´:¸ ³ Öa´ ³�Á ¾ ½1Þ Ù�´ ½ ´�Õ�¹1´R¿�Ùf¸ Á!Ã OÏEÍaï�PVU+H8Ì�E�O�ðWE Í+Ì ñ�A¬U+H<Ì�E�O Û7ò s µ ´�× Á ¸`¾ ³ ¹ Á ¾ ÁPÃ ¸#¹�Ù�´ ½ ´Èì1¹1¸#º#´ ³�µ ´¦í�× Ã ¾ ³ ´�·W´�¹ Ø�¼ ¾ ½ Ù Ã ¸ µLÃ
¿�Õ ½ £ Á ¸#¾ ³ ¹iÙ�´ ½ ´ µLÃ £ ³ »�´�¿À¸ ³óÁPÃ ´lÚ�k�È�ÉtÊô¸`·W×�º`´R·&´ ³�Á £ Á ¸#¾ ³ ¥ Þ ¹P¸`·W×�º Þ £a¿�¿�¸ ³ »�¾ ½
µ Õ ÁPÁ ¸ ³ »iéR´ ½ ¾&¹!£a·&×�º`´R¹ Û

ånÃ ¸`¹ ¼ £ µ�Á ·g£ Þ ´�º#¸#·&¸ ³ £ Á ´�£äõ~G¬UIö�OÏG,F,FT¾ ¼ Ú�k�È�ÉpÊ÷£ ³ ¿�£mFDH<P«GDO�å+HéKß¾ ¼ Ê ê k�ì�È�ÉtÊ
¼G½ ¾�· µ ¾ ³ ¹P¸#¿,´ ½ £ Á ¸#¾ ³ ¸ ³�Á!Ã ´ Á ´�¹ Á*Ûuò ·W×�¸ ½ ¸ µ £aº ½ ´R¹PÕ,º Á ¹[¾ ¼nÁ ¸`·W´;á%¹ µ £aº`´&´TsM×�£ ³ ¹1¸#¾ ³ £ ³ ¿
µ ¾ ³�Á!½ £ µ�Á ¸`¾ ³ ´DsM×Ä´ ½ ¸`·W´ ³?Á ¹[Õ,¹P¸ ³ » ÁPÃ ´&Ê ê k�ìaÈ:ÉtÊø·&¾M¿�´�º Ã £*Ö�´W¹ Ã ¾5Ù ³ÅÁPÃ ¸#¹�£a×,×�º#¸ µ £Iá
Á ¸#¾ ³�Á ¾æ¥�´ß¾ ³ ´�¾ ¼ ¸ Á ¹W¹ Á!½ ¾ ³ »�×�¾�¸ ³�Á ¹ Ûh�%³Àµ ¾ ³�ÁP½ £a¹ Á*ØfÁ ¸#·&´-áY¹ µ £aº#´�´DsM×�£ ³ ¹P¸#¾ ³ Õ�¹P¸ ³ »Ú�k�È�ÉtÊ Ã £a¹�¥Ä´�´ ³wµ ¸ Á ´R¿7£a¹�¾ ³ ´m¾ ¼ ¸ Á ¹�Ù�´R£+� ³ ´R¹1¹P´�¹ 5 1�1 7 ÛS�%³7Á!Ã ¸#¹�·&´ ÁPÃ ¾M¿ Ø�ÁPÃ ´�¹P¸`» ³ £aº
¸`¹ Á ¸`·W´;á%´Ts,×�£ ³ ¿�´�¿�¥ ÞW½ ´�×Ä´R£ Á ¸ ³ »4Ùf¸ ³ ¿�¾5Ù�´�¿�Ù�£*Ö�´ ¼ ¾ ½ ·ë¹P´R»a·W´ ³?Á ¹ Ø Ù Ã ¸ µLÃ ¸ ³�ÁP½ ¾�¿�Õ µ ´�¹
Õ ³ Ù�£ ³�Á ´�¿�×�´ ½ ¸#¾�¿�¸ µ ¸ Á ¸#´R¹n¸ ³�Á ¾ ÁPÃ ´4¾aÕ Á ×�Õ Á ¹P¸`» ³ £aº Ø ×Ä´ ½Pµ ´�¸`Öx£a¥�º`´4£x¹ Á ¾ ³ £aº ³ ¾�¸`¹P´ Û kMÕ�¥�á
Æ1´ µ�Á ¸^Ö�´ µ ¾�·&×�£ ½ ¸#¹P¾ ³ ´Ts,×�´ ½ ¸#·&´ ³�Á ¹[Õ�¹P¸ ³ »ß£ ånå kÅ¹ Þ ¹ Á ´R· Á!Ã £ Á ´R·&×�º`¾ Þ ¹[£ ³ ´TsM×�º#¸ µ ¸ Á
¿�Õ ½ £ Á ¸#¾ ³ ·&¾�¿�´Rº{Ù�¾aÕ�º#¿�×�´ ½1Ã £a×�¹n¹ Ã ¾5ÙÑ£ ³ ¸ ³�µR½ ´*£a¹1´R¿�× ½ ´ ¼ ´ ½ ´ ³,µ ´ ¼ ¾ ½�ÁPÃ ´�Ê ê k�ì�È�ÉtÊ
·&´ ÁPÃ ¾M¿ Û
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�%³ £a¿�¿�¸ Á ¸`¾ ³�Á ¾u¹1×Ä´�´ µLÃæÜ Õ�£xº#¸ Á%ÞaØ ¾ Á!Ã ´ ½:¼ £ µ�Á ¾ ½ ¹�¹ Ã ¾�Õ,º#¿�¥�´ µ ¾ ³ ¹1¸#¿�´ ½ ´�¿�¸ ³ÝÁ!Ã ´ µ ¾�·iá
×�£ ½ ¸#¹1¾ ³ ¥Ä´ Á Ù�´�´ ³uÁPÃ ´ Á Ù�¾W£aº#»a¾ ½ ¸ Á!Ã ·&¹ â

ù ¿�É�ÁÃÆýÄ�¼�Ä�»<¿�½e¼Mº~¾�¿�É�Á�º<¸�úe»LÄTõh�YÁ ¸`¹�×Ä¾a¹P¹P¸`¥�º#´ Á ¾ä¸`·W×,º#´R·&´ ³�Á Ú�k�È�ÉtÊûÕ�¹P¸ ³ »�£x×�× ½ ¾*sM¸^á
·W£ Á ´�º Þ Í ¾�×Ä´ ½ £ Á ¸#¾ ³ ¹�×Ä´ ½ ¹!£a·&×�º`´ ÛjånÃ ´:Ê ê k�ì�È�ÉtÊü·W¾�¿�´Rº Ø ¾ ³�ÁPÃ ´�¾ Á!Ã ´ ½fÃ £ ³ ¿ Ø�½ ´;á
Ü Õ�¸ ½ ´R¹�» ½ ´R£ Á ´ ½�Á!Ã £ ³Tý f ¾a×Ä´ ½ £ Á ¸#¾ ³ ¹�×Ä´ ½ ¹P£a·W×,º#´ 5 i ý 7 Û Êmº ÁPÃ ¾�Õ�» ÃT½ ´�¿�Õ µ ´�¿ µ ¾�·&×�º#´TsM¸ Á%Þ
¸`¹ µ º`´*£ ½ º Þ ¾ ³ ´i£a¿MÖa£ ³?Á £a»�´T¾ ¼dÁPÃ ´ñÚ�k�È�ÉtÊþ·W´ Á!Ã ¾�¿ Ø
ÁPÃ ´�¹ Þ�³�Á!Ã ´R¹P¸`¹ ½ ´ Ü Õ�¸ ½ ´�·W´ ³?Á ¹�¾ ¼
ÁPÃ ´WÊ ê k�ì�È�ÉtÊø·W¾�¿�´�º�£ ½ ´&¹ Á ¸#º#º Ü Õ,¸ Á ´ ½ ´*£a¹1¾ ³ £a¥�º`´ ¼ ¾ ½ ·&¾�¹ Á £x×�×�º#¸ µ £ Á ¸#¾ ³ ¹ ÛiånÃ ¸#¹:¸`¹
´�¹P×�´ µ ¸#£aº#º Þ�Á!½ Õ�´4»�¸^Ö�´ ³uÁ!Ã ´ ¼ £ µ�Á/Á!Ã £ Á £ µ ¾ ³�µ £ Á ´ ³ £ Á ¸`¾ ³ áY¥�£a¹P´�¿ ånå ku¹ Þ ¹ Á ´R· ½ ´ Ü Õ,¸ ½ ´�¹
¹1¸#» ³ ¸^Ç µ £ ³?Á ¹ Á ¾ ½ £a»�´ ½ ´ Ü Õ�¸ ½ ´�·W´ ³?Á ¹ â ¹1Õ µLÃ £[¹ Þ ¹ Á ´�·ÿÙf¸#º#º�·&¾�¹ Á ¾ ¼�Á ´ ³ ¥Ä´8¸#·&×�º`´R·&´ ³�Á ´�¿
¾ ³ £zÚ�� ¾ ½ Ù�¾ ½ �?¹ Á £ Á ¸#¾ ³�Ø�½ £ Á!Ã ´ ½nÁ!Ã £ ³ ¸ ³ £iº`¾5Ù�á%×�¾JÙ�´ ½ ´�·T¥Ä´�¿�¿�´�¿ß£a×�×,º#¸ µ £ Á ¸`¾ ³�Û

�n»8Ç¦ü ÇDÄ�¿µû�¼���¸±ûj¸��ÏÆ�»éûj¸ ÉÊ¸ ½�ÄjÇ��%³&Á!Ã ´8¸#·&×�º`´R·&´ ³�Á £ Á ¸#¾ ³ ¾ ¼
Á!Ã ´/¹1¸ ³ Õ�¹P¾a¸#¿�£aº�·&¾�¿�´Rº�¹ Þ ¹ Á ´�·
¿�´-Ö�´�º#¾�×�´R¿ ¸ ³óÁ!Ã ¸`¹ ½ ´�¹P´*£ ½PµLÃ�Ø º`¸ Á1Á º#´w´Do
¾ ½(Á Ù�£a¹�·g£x¿�´ Á ¾ µ ¾�·&× ½ ´�¹P¹ Á!Ã ´�¸ ³ Ö�´ ³?Á ¾ ½1Þ
¹1×Ä´�´ µLÃ ¿�£ Á £ Á ¾ µ ¾ ³ ¹P´ ½ Ö�´m¿�¸#¹V��¹P×�£ µ ´ Û�� ¾�¹ Á ·&¾M¿,´Rº�×�£ ½ £a·&´ Á ´ ½ ¹�Ù�´ ½ ´H¹ Á ¾ ½ ´R¿�£x¹ ¼ Õ�º`º^á
× ½ ´ µ ¸#¹P¸`¾ ³
	 ¾�£ Á ¸ ³ »�×Ä¾a¸ ³�Á�³ Õ,·T¥Ä´ ½ ¹ Û�ånÃ ¸#¹ ½ ´R¹1Õ�º Á ´R¿æ¸ ³ £ ³ ¸ ³ Öa´ ³�Á ¾ ½(ÞÅÁPÃ £ Á�½ ´ Ü Õ�¸ ½ ´R¿
½ ¾�Õ�» Ã º ÞgÁ Ùf¸ µ ´ Á!Ã ´:¹ Á ¾ ½ £a»�´:¾ ¼sÁ!Ã ´:Õ ³�µ ¾�·&× ½ ´�¹P¹P´�¿ Ø 1 ¶ ¥�¸ ÁRØ 1 ¶ � Ë éTî?¹!£a·&×�º#´�¿�¹1×Ä´�´ µLÃ
Õ�¹1´R¿Å¥ ÞÝÁPÃ ´zÚ�k,È:ÉtÊ £aº#»a¾ ½ ¸ Á!Ã · Û kM¸ ³,µ ´ Á!Ã ´&¹P¸ ³ Õ�¹P¾�¸`¿�£aºj·&¾M¿,´RºDÙ�£a¹[¾ ½ ¸#»a¸ ³ £aº`º Þ ¿�´;á
Öa´Rº#¾a×Ä´�¿�£a¹�£4¹P×�´R´ µLÃ�µ ¾�¿�¸ ³ »[£aº`»�¾ ½ ¸ Á!Ã · 5 1�f�Í Ø 1�f . 7 Ø ¸ Á ¸#¹ ½ ´*£x¹P¾ ³ £x¥�º#´ Á ¾4£a¹P¹1Õ�·W´ Á!Ã £ Á
ÁPÃ ´R¹1´m¿�£ Á £ µ ¾�Õ�º`¿g¥�´ µ ¾�·W× ½ ´R¹1¹P´�¿7¹P¸`» ³ ¸`Ç µ £ ³�Á º Þ Ùf¸ ÁPÃ º`¸ Á1Á º#´�¾ ½�³ ¾4×�´ ½Pµ ´R¸^Öa£x¥�º#´fº#¾a¹P¹�¾ ¼
Ü Õ�£aº`¸ Á%ÞaÛ Ë ¾5Ù�´-Ö�´ ½�Ø ´DsM×�º#¾ ½ £ Á ¸#¾ ³ ¾ ¼ ¹1Õ µLÃ�µ ¾�·&× ½ ´�¹P¹1¸#¾ ³ £aº`»�¾ ½ ¸ Á!Ã ·W¹fÙ�£x¹�¥Ä´ Þ ¾ ³ ¿ Á!Ã ´
¹ µ ¾�×�´:¾ ¼�ÁPÃ ¸#¹ ½ ´R¹P´R£ ½PµLÃ
Û

� º���¿µû�»LÄjÅ�É�»8¾�
Ã¸�úe»é÷Ã»<º<»éÄTõ ånÃ ´ ½ ´R¹PÕ,º Á ¹m¾ ¼jÁ!Ã ´4¹PÕ�¥�Æ1´ µ�Á ¸`Ö�´ µ ¾�·W×�£ ½ ¸`¹P¾ ³uÁ ´R¹ Á ¿�¾ ³ ¾ Ámµ ¾ ³ á
µ º#Õ�¹1¸`Ö�´�º Þ ¿�´R·&¾ ³ ¹ Á!½ £ Á ´�¹1Õ�×�´ ½ ¸`¾ ½ ¸ Á%Þ ¾ ¼�Á!Ã ´n¹1¸ ³ Õ�¹P¾a¸#¿�£aºM·W¾�¿�´�ºM·&´ ÁPÃ ¾M¿ Û Ë ¾5Ù�´�Öa´ ½RØ?Á!Ã ´
£a¿,¿�´R¿ 	 ´TsM¸#¥�¸`º#¸ Á%Þ ¾ ¼jÁPÃ ´T¹1¸ ³ Õ�¹P¾a¸#¿�£aº�·W¾�¿�´�º�¾5Ö�´ ½ Ú�k�È�ÉpÊfá Á%Þ ×�´�·W´ Á!Ã ¾�¿�¹H¸`¹m´*£x¹ ÞuÁ ¾
¿�´�·W¾ ³ ¹ ÁP½ £ Á ´ Ø ¹P¸ ³,µ ´êÚ�k,È:ÉtÊø¾+oÄ´ ½ ¹ ³ ¾ µ ¾ ³ Öa´ ³ ¸`´ ³�ÁTµ ¾ ³�Á!½ ¾�º�¾JÖa´ ½ ¹P¸`» ³ £aºj× ½ ¾�×�´ ½1Á ¸#´�¹
¾ ÁPÃ ´ ½/Á!Ã £ ³ ×,¸ Á!µLÃ £ ³ ¿ Á ¸`·W´;á%¹ µ £aº#´�´�Öa¾�º#Õ Á ¸#¾ ³�Ø Ù Ã ¸`º#´[¹P¸ ³ Õ�¹1¾�¸#¿�£aº�·&´ ÁPÃ ¾M¿,¹H¾+oÄ´ ½ Öa´ ½(Þ
× ½ ´ µ ¸#¹P´ µ ¾ ³�Á!½ ¾aºt¾ ¼�Á ¸#·&´-ád£ ³ ¿ ¼G½ ´ Ü Õ�´ ³�µ�Þ á%¿,¾�·g£x¸ ³ ¹P¸`» ³ £aº µLÃ £ ½ £ µ-Á ´ ½ ¸#¹ Á ¸ µ ¹ Û

å ¾Â¹ Ã ¾5Ù ÁPÃ £ Á�Á!Ã ´�¹P¸ ³ Õ�¹1¾�¸#¿�£aºH·&¾M¿�´�ºH¸#¹ µ £a×�£a¥,º#´�¾ ¼[Ã ¸#» ÃÀÜ Õ�£aº#¸ Á%Þ ¹ Þ�³�Á!Ã ´R¹P¸`¹u£ ³ ¿
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·W£ ³ ¸`×�Õ�ºe£ Á ¸#¾ ³ ¾ ¼ ¹PÕ,¥ Á º`´ß£a¹1×Ä´ µ�Á ¹g¾ ¼�Á!Ã ´�¹P×�´R´ µLÃ ¹P¸#» ³ £aº Ø £ ¼ Õ ½(Á!Ã ´ ½ £a×�×,º#¸ µ £ Á ¸`¾ ³ ¾ ¼
ÁPÃ ´W·&´ ÁPÃ ¾�¿ÅÙ�£a¹4´Ts,×,º#¾ ½ ´R¿�äÀ¹ Þ�³�Á!Ã ´�¹P¸#¹[¾ ¼ FDÌLO�å+ÌLO�å��+E�Ì�A,G Û Êmº ÁPÃ ¾�Õ�» ÃÅÁ!Ã ´W¹ ÞM³�ÁPÃ ´R¹1¸#¹
·&´ ÁPÃ ¾M¿�Ù�£a¹ ³ ¾ Áfµ ¾a·W×�£ ½ ´R¿ ¼ ¾ ½ ·g£aº`º Þ Ùf¸ ÁPÃ ¾ Á!Ã ´ ½ ¹P¸ ³ »�¸ ³ »TÖa¾�¸ µ ´:¹ Þ ¹ Á ´R·&¹ Ì ¾ ¼ Ù Ã ¸ µLÃ
ÁPÃ ´ ½ ´/£ ½ ´nÖ�´ ½1Þ�¼ ´�Ù è;Ø ·W£ ³�Þ Õ ³ ¸ Ü Õ�´ µ £a×�£a¥�¸#º`¸ Á ¸#´R¹�¾ ¼�Á!Ã ´f·&¾M¿�´�º,Ù�´ ½ ´8´DsM×�º`¾ ½ ´�¿W¸ ³�Á!Ã ¸`¹
£a×,×�º#¸ µ £ Á ¸#¾ ³�Ø £a¹f¿�´�¹ µR½ ¸#¥�´R¿�¸ ³�Á!Ã ´ ³ ´Ds Á8µLÃ £a× Á ´ ½RÛ
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1�f Î

� � � � � � � �

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

�%³ £8Æ1¾�¸ ³�Á�½ ´R¹1´*£ ½1µLÃ × ½ ¾IÆ1´ µ�Á ¥�´ Á Ù�´R´ ³�Á!Ã ´('�´R¾ ½ »�¸#£ å ´ µLÃ k µLÃ ¾�¾�º�¾ ¼)� Õ�¹1¸ µxØ,Á!Ã ´(��´ ³�Á ´ ½�¼ ¾ ½kM¸`» ³ £aº�£ ³ ¿ � ·W£a»�´JÚ ½ ¾ µ ´�¹P¹1¸ ³ » Ø £ ³ ¿ Á!Ã ´ å ´Ds,£a¹ �%³ ¹ Á!½ Õ�·W´ ³�Á ¹(*ïk�Ú a ´�¹P´*£ ½PµLÃ £ ³ ¿
*H´�Öa´Rº�á
¾�×�·&´ ³�Á ��´ ³�Á ´ ½RØ�Á!Ã ´8¹P¸ ³ Õ�¹P¾�¸`¿�£aº�·&¾M¿,´Rº Á ´Ds Á á Á ¾xáY¹P×�´R´ µLÃ ¹ Þ�³�Á!Ã ´�¹P¸#¹ ¼G½ £a·&´�Ù�¾ ½ ��¿�´R¹ µR½ ¸`¥Ä´�¿g¸ ³
� Ã £a× Á ´ ½�ý Ù�£a¹�´Ds Á ´ ³ ¿�´R¿ Á ¾ Á!Ã ´n¹ Þ�³�Á!Ã ´�¹P¸#¹d¾ ¼ FDÌLO�å+ÌLO�å(�+E�Ì�A,G 5 1*f,+ 7 ÛDånÃ ´nÙ�¾ ½ �T¿,´R¹ µ�½ ¸`¥Ä´�¿W¸ ³
Á!Ã ¸#¹ µLÃ £x× Á ´ ½ ¿,´R·&¾ ³ ¹ ÁP½ £ Á ´R¹ ÁPÃ £ ÁHÁPÃ ´�¹P¸ ³ Õ,¹P¾�¸`¿�£aº�·&¾�¿�´Rº�¸#¹ µ £a×�£a¥�º`´�¾ ¼dµ ¾ ³�ÁP½ ¾�º`º#¸ ³ »g¹PÕ,¥ Á º`´
¿�´ Á £a¸`º#¹�¾ ¼�Á!Ã ´�Öa¾�¸ µ ´ Ø ¸ ³ £x¿�¿�¸ Á ¸#¾ ³7Á ¾i¹ Þ�³�Á!Ã ´�¹P¸#é�¸ ³ »W¸ ³�Á ´�º#º`¸#»�¸`¥�º#´f¹P×�´R´ µLÃ�Û

-rÔ/. 02143ê×65�Ù8791;:&<6= >@?BAC5D7E3zØE3�FG7914:NØ�02<H:NØIAC5D7E5J3�K

ÙD?HL MN79<HFG79<HF OP3G7914L

ånÃ ¸`¹�¹P´ µ�Á ¸#¾ ³ »a¸`Ö�´�¹j£m¥ ½ ¸#´ ¼ ¹PÕ ½ Ö�´ Þ ¾ ¼ ´Ts,¸`¹ Á ¸ ³ »/º#¸ Á ´ ½ £ Á Õ ½ ´�¿,´R¹ µ�½ ¸`¥�¸ ³ »H£ ³ £aº Þ ¹1¸#¹s¾ ¼�Á!Ã ´ Ã Õ�·W£ ³
¹P¸ ³ »�¸ ³ »�Ö�¾a¸ µ ´ Ø Ùf¸ Á!Ã ×�£ ½(Á ¸ µ Õ�º#£ ½ £ Á1Á ´ ³?Á ¸#¾ ³ »a¸`Ö�´ ³ÀÁ ¾ Á!Ã ¾a¹P´�× ½ ¾�×Ä´ ½1Á ¸#´R¹ ÁPÃ £ Á ¿,¸#¹ Á ¸ ³ »aÕ�¸#¹ Ã
¹P¸ ³ »�¸ ³ » ¼G½ ¾a· ÁPÃ ´�¥Ä´ ÁPÁ ´ ½ á©� ³ ¾5Ù ³ × ½ ¾�×�´ ½(Á ¸#´�¹H¾ ¼ ¹P×�´R´ µLÃ�Û�� Õ µLÃ ¾ ¼dÁPÃ ´�´DsM¸`¹ Á ¸ ³ »7º`¸ Á ´ ½ £ Á Õ ½ ´
¿�´R£aº#¹&Ùf¸ Á!ÃóÁ!Ã ´ß¹1¸ ³ »a¸ ³ »�¹ Á%Þ º#´ ¼ ¾�Õ ³ ¿À¸ ³ ERQMGDPVU Ø ¹P¸ ³�µ ´ ÁPÃ ´u¾a×Ä´ ½ £ Á ¸ µ ¹ Á%Þ º#´u¿,´R×�£ ½(Á ¹�·&¾�¹ Á
Ùf¸#¿,´Rº ÞW¼G½ ¾�·ë¾ ½ ¿�¸ ³ £ ½(Þ ¹1×Ä´�´ µLÃ�Ø ¸ ³wµ ¾a·W×�£ ½ ¸#¹1¾ ³7Á ¾i¾ ÁPÃ ´ ½ ×�¾�×�Õ�º#£ ½ ¹P¸ ³ »�¸ ³ »�¹ Á%Þ º#´�¹ Ûk�¸ ³ »�¸ ³ »TÖ�¾a¸ µ ´�£ ³ ¿�¹1×Ä´�´ µLÃ ¿,¸poÄ´ ½ ¸ ³�ÁPÃ ´R¹1´4£ ³ ¿�¾ ÁPÃ ´ ½n½ ´R¹1×Ä´ µ�Á ¹ 5 1+1�f 7 â

1 Ût�%³ ¹1¸ ³ »a¸ ³ » Ø�ÁPÃ ´4¸`¿�´ ³�Á ¸ Á%Þ ¾ ¼ £ ³ ¸ ³ ¿�¸`Ö�¸#¿,Õ�£aº�Ö�¾5Ù�´Rº�¸#¹8¾ ¼�Á ´ ³ ¹P´ µ ¾ ³ ¿�£ ½1ÞwÁ ¾W¸ Á ¹/¸ ³?Á ¾ ³ £Iá
Á ¸#¾ ³�Û

i Û kM×�´R´ µLÃ ¹1¾�Õ ³ ¿�¹/£ ½ ´ ³ ¾ Á ¹PÕ�¹ Á £a¸ ³ ´R¿�£a¹f¸ ³ ¹1¸ ³ »�¸ ³ » Û



- ÛfånÃ ´m×�¸ ÁPµLÃ�½ £ ³ »a´H¾ ¼ ¹P×�´R´ µLÃ ¸#¹�·TÕ µLÃ ¹P·W£aº#º`´ ½ £ ³ ¿�º`¾JÙ�´ ½�Á!Ã £ ³7ÁPÃ £ Á ¾ ¼ ¹P¸ ³ »�¸ ³ » ÛDånÃ ¸`¹
·&´*£ ³ ¹ ÁPÃ £ Á ¸ ³ ¹P×�´R´ µLÃ7ÁPÃ ´ ½ ´m£ ½ ´/£aº#·&¾�¹ Á £xº`Ù�£ Þ ¹�£ ³ £a·&×�º`´ ³ Õ,·T¥Ä´ ½ ¾ ¼ ×�£ ½(Á ¸e£xº#¹ Ì ¸ Û ´ Û`Ø
Ã £ ½ ·&¾ ³ ¸ µ ¹ è £ Á Ù Ã ¸ µLÃuÁPÃ ´�¹P×�´ µ�ÁP½ Õ�· ¸#¹Wì1¹P£a·W×,º#´R¿�í Á ¾W¸#¿�´ ³�Á ¸ ¼�Þ £&»�¸`Öa´ ³ Öa¾5Ù�´�º Ø £ ³ ¿
ÁPÃ ´ ¼ Õ ³ ¿�£a·&´ ³�Á £aº�Õ�¹1Õ�£aº#º Þ º`¸#´R¹n¥�´Rº`¾5Ù ÁPÃ ´�Ç ½ ¹ Á8¼ ¾ ½ ·W£ ³�Á*Û

ý�Û kMÕ,¥�»�º#¾ ÁPÁ £xº,× ½ ´R¹P¹1Õ ½ ´/£ ³ ¿&ºe£ ½1Þ�³ »�´R£aº�×�¾�¹P¸ Á ¸#¾ ³ ¸ ³ »m£ ½ ´f¿�¸ o
´ ½ ´ ³?ÁRÛÃ�%³ ¹P×�´R´ µLÃ�ØMÁPÃ ¸#¹j× ½ ´R¹_á
¹1Õ ½ ´[¸#¹8·g£a¸ ³ º Þ Õ�¹P´�¿ ¼ ¾ ½ º#¾�Õ,¿ ³ ´R¹1¹ µ ¾ ³�Á!½ ¾aº Ø Ù Ã ¸ µLÃ ¸#¹ Ã ¸#» Ã º Þ�µ ¾ ½P½ ´Rº#£ Á ´�¿�Ùf¸ ÁPÃ ×�¸ Á!µLÃ�Û�%³ ¹P¸ ³ »�¸ ³ » Ø º`¾�Õ�¿ ³ ´�¹P¹8£ ³ ¿�×�¸ Á!µLÃ ·TÕ�¹ Á ¥�´ µ ¾ ³�ÁP½ ¾�º`º#´R¿w·TÕ µLÃ ·&¾ ½ ´�¸ ³ ¿�´�×Ä´ ³ ¿�´ ³�Á º Þ�Û

S Û k Á Õ�¿�¸`´R¹ Ã £*Ö�´&¹ Ã ¾5Ù ³ÝÁ!Ã £ Á £x¹HÖ�¾�¸ µ ´ Á!½ £a¸ ³ ¸ ³ »�¸#¹�Õ ³ ¿�´ ½(Á £+�x´ ³�Ø £7Ö�¾ µ £aº`¸#¹ Á ¸#¹ µ £x×�£a¥�º`´
¾ ¼ × ½ ¾�¿�Õ µ ¸ ³ »T» ½ ´*£ Á ´ ½ ¾5Öa´ ½ £xº#ºÄÖa¾ µ £aº
¸ ³�Á ´ ³ ¹P¸ Á%ÞaØ £ ³ ¿�¸#¹�£x¥�º#´ Á ¾ µ ¾ ³�Á!½ ¾aº Á!Ã ¸#¹�¸ ³?Á ´ ³ ¹1¸ Á%Þ
·&¾ ½ ´�× ½ ´ µ ¸#¹1´Rº ÞgÁ!Ã £ ³ £ ³ Õ ³�Á!½ £a¸ ³ ´R¿�Ö�¾ µ £aº`¸#¹ Á ¸#¹ 5 1�1�1 7 Û

Tý¿µû�ÉÊ¼M½�ÄêÇ*Å�»VU�Ä�»8½W�
È ³ ´�¾ ¼pÁ!Ã ´�·W¾�¹ Á ¸#·&×�¾ ½1Á £ ³�Á ¿�¸ o
´ ½ ´ ³,µ ´R¹n¥�´ Á Ù�´R´ ³ ¹1×Ä´�´ µLÃ £ ³ ¿w¹P¸ ³ »�¸ ³ »4Ö�¾�¸ µ ´�¸ ³ Öa¾�º`Öa´R¹ Á!Ã ´
Á ´ ³ ¿�´ ³�µ�Þ ¾ ¼ ¹1¸ ³ »�´ ½ ¹ Ì�¼ ´R·W£aº#´/¹P¸ ³ »�´ ½ ¹ Ø ´R¹1×Ä´ µ ¸#£aº#º Þ�èjÁ ¾i¹ Ã ¸ ¼�Á�¼ ¾ ½ ·g£ ³?Á º#¾ µ £ Á ¸#¾ ³ ¹�¸ ³�½ ´R¹P×�¾ ³ ¹1´
Á ¾g×�¸ ÁPµLÃ�µLÃ £ ³ »�´�¹ Ûï�%³ 5 1+1ji 7 Ø kMÕ ³ ¿�¥Ä´ ½ »�¿�´�¹ µ�½ ¸#¥�´R¹:£W¹ Á Õ,¿ Þ ¾ ¼�¼ ¾ ½ ·g£ ³?Á ·&¾M¿�¸^Ç µ £ Á ¸#¾ ³ ¸ ³ £
¼ ´R·W£aº`´mÖ�¾ µ £aº`¸#¹ Á[ÌU½ ´-Ö�¸#´�Ù�´R¿u£aº#¾ ³ »TÙf¸ ÁPÃ ¾ Á!Ã ´ ½ º`¸ Á ´ ½ £ Á Õ ½ ´H¸ ³ 5 1�1 - Ø 1+1�f 7 è-Û�%³TÁPÃ ´ ¼ ´�·g£aº`´dÖa¾�¸ µ ´ Ø ´�¹P×�´ µ ¸e£aº`º Þ ¹P¾�× ½ £ ³ ¾/Ö�¾�¸ µ ´R¹ Ø�Á!Ã ´ ³ Õ,·T¥Ä´ ½ ¾ ¼ ×�£ ½1Á ¸#£aº#¹p¸`¹ ¼ ´�Ù Ø £ ³ ¿
Á!Ã ´W¹1×Ä´ µ�Á!½ £aº�´ ³ Ö�´�º#¾�×�´g¾ ¼ Ö�¾ µ £xº ÁP½ £ µ-Á4½ ´R¹1¾ ³ £ ³�µ ´R¹[¸#¹±ì1¹!£x·W×�º`´R¿ÒíwÖ�´ ½1Þ ¹P×�£ ½ ¹1´Rº ÞaÛ¹�%³Å¼ £ µ�Á*Ø
Ù Ã ´ ³ £&Öa¾JÙ�´RºsÙf¸ ÁPÃ £&º#¾5Ù Ç ½ ¹ Á/¼ ¾ ½ ·W£ ³�Á ¸#¹8¹PÕ ³ »7£ Á £ Ã ¸#» Ã ×�¸ ÁPµLÃ�Ø�Á!Ã ´ ¼ Õ ³ ¿�£x·W´ ³?Á £aºp·g£ Þ
¾ ¼�Á ´ ³ º#¸#´�õ~GDCLC�UYXDEZ�+G Á!Ã ´�Ç ½ ¹ Áf¼ ¾ ½ ·g£ ³�ÁRÛ��%³ £a¿�¿�¸ Á ¸`¾ ³�Ø Öx£ ½ ¸e£ Á ¸#¾ ³ ¹�¸ ³ ×�¸ ÁPµLÃ�µ £ ³uµ £aÕ�¹P´:Ùf¸#¿,´
Öx£ ½ ¸#£ Á ¸`¾ ³ ¹t¸ ³�ÁPÃ ´dÖa¾5Ù�´�º Ü Õ�£aº`¸ Á%Þ £ ³ ¿4¸ ³�Á ´Rº#º`¸#»�¸`¥�¸#º`¸ Á%ÞaØ-ÁPÃ ´�¾5Öa´ ½ £xº#º?º#¾�Õ,¿ ³ ´R¹1¹ Ø £ ³ ¿ ÁPÃ ´�× Ã?Þ ¹1¸ µ £xº
´¦oÄ¾ ½(Á�³ ´R´�¿�´R¿ Á ¾�× ½ ¾�¿�Õ µ ´ Á!Ã ´�¹1¾�Õ ³ ¿ Û\[ ¾ ½gÁPÃ ¸#¹ ½ ´R£a¹P¾ ³
Ø Öa¾ µ £aº#¸`¹ Á ¹WÖ�´ ½(Þ ¾ ¼�Á ´ ³ ·&¾M¿�¸ ¼�Þ
Á!Ã ´7º#¾ µ £ Á ¸#¾ ³ ¹4¾ ¼n¼ ¾ ½ ·g£ ³?Á ¹ Á ¾ µ ¾�¸ ³�µ ¸`¿�´gÙf¸ ÁPÃ Öx£ ½ ¸`¾�Õ�¹[×�£ ½1Á ¸e£aº`¹4¸ ³�Á!Ã ´g¹P¾�Õ ½1µ ´�¹1×Ä´ µ�Á!½ Õ�· Ø
´R¹1×Ä´ µ ¸#£aº#º Þ�Á!Ã ´ ¼ Õ ³ ¿�£a·&´ ³�Á £aº Û�ånÃ ¸#¹�¸#¹�£ µRµ ¾�·W×,º#¸#¹ Ã ´R¿W¥ Þ £�º#´*£ ½P³ ´�¿g·&´ Á!Ã ¾M¿W¾ ¼ Öx£ ½1Þ ¸ ³ » Á!Ã ´
º#¸`× ØMÁ ¾ ³ »�Õ,´ Ø £ ³ ¿TÆP£*Ù ×�¾�¹1¸ Á ¸`¾ ³ ¹�Ù Ã ´ ³ ¹1¸ ³ »a¸ ³ » Û�%³ 5 1�1 - Ø 1�1ji 7 Ø ¸ Á ¸`¹�¹ Ã ¾5Ù ³ÂÁ!Ã £ Á�¼ ´�·g£xº#´ ¼ ¾ ½ ·g£ ³?Á º#¾ µ £ Á ¸#¾ ³ ¹[¸ ³ ¹P¸ ³ »�¸ ³ »�£ ½ ´�·TÕ µLÃ
º#¸p�a´ Á!Ã ¾a¹P´�¾ ¼ ¹P×�´R´ µLÃ Ù Ã ´ ³¯ÁPÃ ´ ¼ Õ ³ ¿�£a·&´ ³�Á £aº ¼G½ ´ Ü Õ�´ ³�µ�Þ º#¸`´R¹i¥Ä´�º#¾5Ù ÁPÃ ´�Ç ½ ¹ ÁW¼ ¾ ½ ·W£ ³�Á*Û

1�f ¶



Ë ¾5Ù�´�Öa´ ½RØ Ù Ã ´ ³iÁPÃ ´ ¼ Õ ³ ¿�£a·&´ ³�Á £aº ½ ¸`¹P´R¹D£a¥Ä¾5Öa´ Á!Ã ´�Ç ½ ¹ Á�¼ ¾ ½ ·W£ ³�Á*ØaÁP½ £a¸ ³ ´R¿4¹P¸ ³ »�´ ½ ¹D¹ Ã ¸ ¼�ÁDÁ!Ã ´
Ç ½ ¹ ÁD¼ ¾ ½ ·g£ ³?Á�Á ¾ ¼ ¾aº#º#¾5Ù^] = Û Ê ³ ¾ ÁPÃ ´ ½ ¾�¥,¹P´ ½ Ö�´�¿&´Do
´ µ�Á ¸`¹ Á!Ã £ Á�ÁPÃ ´�¹P´ µ ¾ ³ ¿ ¼ ¾ ½ ·W£ ³�Á�Á ´ ³ ¿�¹ Á ¾
¿�´ µR½ ´R£a¹P´/£a¹�] = ¸ ³�µ�½ ´R£a¹P´�¹ Ø » ½ £*Ö�¸ Á £ Á ¸ ³ » Á ¾5Ù�£ ½ ¿,¹�£�ì ³ ´�Õ Á!½ £aº
í�Öx£aº`Õ�´n¾ ¼ £x×�× ½ ¾*sM¸#·W£ Á ´Rº Þ 1 S f+fË é ¼ ¾ ½ £aº`º�Ö�¾5Ù�´�º#¹ Û�ê ´ µ £aÕ,¹P´�¾ ¼tÁPÃ ´R¹1´�´¦oÄ´ µ�Á ¹ Ø�Ü Õ�£xº#¸ Á%Þ ¿�¸ o
´ ½ ´ ³�µ ´�¹n¥Ä´ Á Ù�´�´ ³ Ö�¾5Ù�´Rº#¹ Á ´ ³ ¿ Á ¾
¿�¸`¹!£a×�×�´*£ ½ £a¹�×�¸ ÁPµLÃ ¸`¹ ½ £a¸`¹P´R¿ Û kM¾�·&´�Ö�¾5Ù�´Rº#¹ Ø ¹1Õ µLÃ £a¹ ÁPÃ ¾�¹P´ ÁPÃ £ Á ¸ ³ Ö�¾aº`Ö�´fº`¸#× ½ ¾aÕ ³ ¿�¸ ³ » Ø £ ½ ´
¿�¸ ó µ Õ�º Á�¼ ¾ ½ ·W¾a¹ Á Ö�¾ µ £xº#¸#¹ Á ¹ Á ¾i× ½ ¾�¿�Õ µ ´[£ ÁfÃ ¸#» Ã7¼ Õ ³ ¿�£a·&´ ³�Á £xº ¼G½ ´ Ü Õ�´ ³�µ ¸`´R¹ Û_� ¾�¿�¸^Ç µ £ Á ¸#¾ ³
¾ ¼s¼ ¾ ½ ·W£ ³�Á ¹ Ã £a¹ Á!Ã ´ ¼ ¾�º`º#¾5Ùf¸ ³ »4´¦oÄ´ µ�Á ¹ â

ãa` ¾ µ £aº Á!½ £ µ�Ái½ ´�¹P¾ ³ £ ³�µ ´�¸#¹�¾a× Á ¸`·g£aº`º Þ ·W£ Á!µLÃ ´R¿ Á ¾ Á!Ã ´w¹1¾�Õ ½Pµ ´w¥ Þ × ½ ¾5Ö�¸#¿�¸ ³ »�·g£js�á
¸`·TÕ�· ´ ³ ´ ½ » ÞÅÁPÃ�½ ¾�Õ,» Ã ×�Õ Á[¼ ¾ ½:Á!Ã ´ ¼ Õ ³ ¿�£a·&´ ³�Á £xº Ø £ ³ ¿æ×�¾�¹P¹1¸#¥�º Þ ¥ Þ ¹ ÁP½ ´ ³ » Á!Ã ´ ³ ¸ ³ »
ÁPÃ ´:¹P¾�Õ ½1µ ´�£a·&×�º#¸ Á Õ�¿,´ Á!Ã�½ ¾�Õ�» Ã ¾�× Á ¸#·W£aº�º#¾�£a¿,¸ ³ »�¾ ¼sÁ!Ã ´�»aº#¾ Á1Á £aºÄ¾�¹ µ ¸#º#º#£ Á ¾ ½RÛ

ã k ÁP½ ¾ ³ »&¹1¾�Õ ³ ¿,¹m£ ½ ´:× ½ ¾�¿�Õ µ ´R¿wÙf¸ Á!Ã ·&¸ ³ ¸`·g£xºÄ·TÕ,¹ µ Õ,ºe£ ½ ´Do
¾ ½(Á*Û
ãa` £ ½ ¸e£ Á ¸#¾ ³ ¾ ¼tÁ ¾ ³ ´ Ü Õ�£aº`¸ Á%Þ £ ³ ¿�º`¾�Õ�¿ ³ ´R¹P¹�£ ½ ´/·W¸ ³ ¸#·&¸#é�´R¿iÙ Ã ´ ³�Á!Ã ´ ¼ ¾ ½ ·W£ ³�Á ¹ ¼ ¾�º#º`¾5Ù
×�¸ Á!µLÃwµLÃ £ ³ »�´R¹ Û

ã �%³�Á ´�º#º`¸#»�¸`¥�¸#º`¸ Á%Þ ¾ ¼ ·g£ ³�Þ ¹1Õ ³ »�Ö�¾5Ù�´�º#¹�¸#¹�¸ ³�µ�½ ´R£a¹P´�¿7¸ ³iµ ¾a·W×�£ ½ ¸#¹1¾ ³iÁ ¾ Á!Ã ´8Õ ³ ·&¾M¿,¸`Ç�´�¿
¼ ¾ ½ ·g£ ³?Á�µ £a¹1´ Û

� ´ ³ ·W¾�¿�¸ ¼�Þ�¼ ¾ ½ ·W£ ³�Á ¹ Á ¾7¹P¾a·W´T¿,´R» ½ ´R´i£a¹mÙ�´Rº`º Ø ¥�Õ Á�Á!Ã ¸#¹m¸`¹H·TÕ µLÃ º`´R¹1¹ ³ ´ µ ´R¹P¹P£ ½1ÞaØ
¹P¸ ³�µ ´ Á!Ã ´�¿�´ ³ ¹P¸ Á%Þ ¾ ¼ ×�£ ½1Á ¸#£aº#¹d¸#¹�·TÕ µLÃ » ½ ´*£ Á ´ ½ ¸ ³7Á!Ã ´H·W£aº`´m¹P¾aÕ ½Pµ ´�¹P×�´ µ�ÁP½ Õ�· Û ÈH¥�ÖM¸`¾�Õ�¹1º Þ�Ø
Á ´ ³ ¾ ½ Ö�¾a¸ µ ´�¹8£ ½ ´:·TÕ µLÃ ·&¾ ½ ´�º`¸
�a´�º ÞWµ £ ³ ¿�¸#¿�£ Á ´R¹ ÁPÃ £ ³ ¥�£a¹P¹1´R¹ ¼ ¾ ½ Õ�¹1´�¾ ¼�Á!Ã ¸#¹ Á ´ µLÃ�³ ¸ Ü Õ,´ Û
b Åe¸dc�Ç*»8½W�µ¸"ûfe ÇgU©¿µû�É�¼M½�Ä/h
È ³ ´H·W£JÆ1¾ ½ ·W¾ Á ¸`Öx£ Á ¸#¾ ³i¼ ¾ ½�ÁPÃ ´�Õ ³ ¸ Ü Õ�´ ¼ ´*£ Á Õ ½ ´R¹n¾ ¼tÁPÃ ´H¹P¸ ³ »�¸ ³ »4Ö�¾a¸ µ ´m¸#¹ ÁPÃ ´�¿�´�¹P¸ ½ ´H¾ ¼pÁ!Ã ´
¹P¾aº#¾�¹P¸ ³ »�´ ½:Á ¾�¥Ä´&¿�¸poÄ´ ½ ´ ³�Á ¸#£ Á ´�¿ ¼G½ ¾�· Á!Ã ´W·TÕ�¹1¸ µ £xº�£ µRµ ¾�·W×�£ ³ ¸#·&´ ³�ÁRÛN[ ¾ ½ ·W£ ³�Á ¹ Ã ¸ ¼�Á ¸ ³ »
¸ ³�¼ ´�·g£aº`´R¹�×�º#£ Þ ¹[£w×�£ ½1Á ¸ ³ £ µRµ ¾a·W×�º`¸#¹ Ã ¸ ³ » Á!Ã ¸`¹ Û Ê µ ¾�Õ ³�Á ´ ½ ×�£ ½1Á�Á ¾ Á!Ã ¸`¹�¸ ³ ·g£aº`´4Ö�¾a¸ µ ´�¹
¸#¹ Á!Ã ´[´DsM¸#¹ Á ´ ³�µ ´�¾ ¼�Á!Ã ´T¹1¾ µ £xº#º#´�¿úì1¹1¸ ³ »a´ ½Ei ¹ ¼ ¾ ½ ·W£ ³�Á*Ø í�£&Ç�sM´�¿ ½ ´R¹1¾ ³ £ ³�µ ´4Ù Ã ¸ µLÃ £a×�×�´*£ ½ ¹
¸ ³�Á!Ã ´ i S f�f Á ¾ - f+f�f Ë é ½ £ ³ »�´4¾ ¼jÁPÃ ´T¹1×Ä´ µ�Á!½ £7¾ ¼ ·W£ ³�Þ ·W£aº`´:Öa¾�¸ µ ´R¹ ÛHånÃ ¸#¹ ½ ´R¹1¾ ³ £ ³,µ ´T¸`¹ÌLO�Í�GjQMGDO�Í�GDOMH�¾ ¼Ä¼ Õ ³ ¿�£a·&´ ³�Á £xº ¼G½ ´ Ü Õ,´ ³�µ-Þ £ ³ ¿�Ö�¾ µ £aº Á!½ £ µ�Á ¹ Ã £a×Ä´ Ø £ ³ ¿ Ã £a¹j¥�´R´ ³ £x¹P¹P¾ µ ¸#£ Á ´�¿
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Ùf¸ ÁPÃ £ ½ ´�¹P¾ ³ £ ³�Á ·W¾�¿�´W¾ ¼nÁ!Ã ´�º#£ ½1Þ�³ »a´*£aº µ ¾�º`ºe£ ½ º Þ ¸ ³ »&Æ1Õ�¹ Á £a¥�¾5Ö�´ ÁPÃ ´gÖ�¾ µ £xº ¼ ¾�º`¿�¹ 5 1�1 - Ø1�1�f Ø 1+1 ý 7 Û�ås½ £a¸ ³ ´R¿4Öa¾ µ £aº#¸`¹ Á ¹�¹1´R´R· Á ¾H´Ts,£a»�»�´ ½ £ Á ´ Á!Ã ´�¸#·&×Ä´�¿�£ ³�µ ´�·&¸#¹1·g£ Á!µLÃ ¥�´ Á Ù�´R´ ³�Á!Ã ¸`¹
ºe£ ½1Þ�³ »�´R£aº Á Õ�¥�´�£ ³ ¿ Á!Ã ´�º`¾JÙ�´ ½ × Ã £ ½(Þ�³ s Ø�µR½ ´*£ Á ¸ ³ »m£/¹ ÁP½ ¾ ³ » ½ ´�¹P¾ ³ £ ³�µ ´ Á!Ã £ Á ¸#¹s¸ ³ ¿�´R×�´ ³ ¿,´ ³�Á
¾ ¼jÁPÃ ´ ½ ´�¹ Á ¾ ¼�ÁPÃ ´4Ö�¾ µ £xº Á!½ £ µ�Á ¹ Ã £a×�´ Û:ånÃ ¸`¹ ½ ´�¹P¾ ³ £ ³�µ ´ Ã ´Rº#×,¹ Á ¾�¿�¸ o
´ ½ ´ ³?Á ¸e£ Á ´ ÁPÃ ´T¹P¸ ³ »�´ ½
¼G½ ¾a· Á!Ã ´[£ µ�µ ¾�·&×�£ ³ ¸`·W´ ³�Á*Û~�%³ £W¹1´ ½ ¸#´R¹8¾ ¼ ×Ä´ ½Pµ ´�× Á ¸`¾ ³ ´TsM×Ä´ ½ ¸#·&´ ³�Á ¹ 5 1�1 S 7 Ø�Á!Ã ´[¹1Õ�¥�Æ1´ µ-Á ¸^Ö�´
¿�´�¹ µR½ ¸#× Á ¸#¾ ³ ¾ ¼ ·TÕ�¹P¸ µ ×�£a¹1¹!£a»a´R¹&£a¹T¥�´R¸ ³ »�·W¾ ½ ´Èì µ ¾�º`¾ ½1¼ Õ�ºpí�Ù�£a¹ ¼ ¾�Õ ³ ¿ Á ¾ µ ¾ ½P½ ´�ºe£ Á ´gÙ�´Rº#º
Ùf¸ ÁPÃ�Á!Ã ´:´DsM¸`¹ Á ´ ³�µ ´�¾ ¼sÁ!Ã ´:¹1¸ ³ »�´ ½Ei ¹ ¼ ¾ ½ ·W£ ³�Á*Û

[ ´�·g£aº`´[Öa¾ µ £aº#¸`¹ Á ¹H£ ½ ´Tº`´R¹1¹�º#¸
�x´Rº Þ�Á ¾�× ½ ¾�¿�Õ µ ´i£7¹P¸ ³ »�´ ½Ii ¹ ¼ ¾ ½ ·g£ ³?ÁRØ ¥�Õ Á ¹P¾�º`¾ ¼ ´R·W£aº#´
¾�×�´ ½ £:Öa¾ µ £aº#¸`¹ Á ¹�¿�¾ Á ´ ³ ¿ Á ¾4× ½ ¾M¿,Õ µ ´8·W¾ ½ ´ Ã ¸`» Ã&¼G½ ´ Ü Õ�´ ³�µ�Þ ´ ³ ´ ½ » Þ�ÁPÃ £ ³ Ö�¾ µ £aº`¸#¹ Á ¹ Á!½ £x¸ ³ ´�¿
¸ ³wµLÃ ¾a¸ ½ ¹P¸ ³ »�¸ ³ » 5 1+1 ¶ 7 Û
k�»é÷�ûj¼�Ä�¿
` ¸`¥ ½ £ Á ¾�¸#¹H£ ³ ¾ ÁPÃ ´ ½ £ Á1Á!½ ¸#¥�Õ Á ´ Á!Ã £ Á ¸ ³�µ�½ ´R£a¹P´�¹ Á ¸#·T¥ ½ £aºsÖa£ ½ ¸#´ Á%Þ £ ³ ¿�£xº#º#¾5Ùf¹ Á!Ã ´i¹P¾aº#¾�¸`¹ ÁmÁ ¾
¹ Á £ ³ ¿W¾�Õ Áj¼G½ ¾a· Ã ¸#¹�¾ ½jÃ ´ ½ ¾ ½PµLÃ ´�¹ ÁP½ £aº�£ µ�µ ¾�·&×�£ ³ ¸`·W´ ³�Á*Û�ånÃ ´/× Ã�Þ ¹P¸`¾�º#¾a»�¸ µ £aº,·&´ µLÃ £ ³ ¸#¹1·þ¾ ¼
Á!Ã ´m×�¸ Á!µLÃ�Ø £a·&×�º#¸ Á Õ�¿�´ Ø £ ³ ¿ Á ¸#·4¥ ½ £aº�Öx£ ½ ¸e£ Á ¸#¾ ³iµ £aÕ�¹P´�¿�¥ Þ Ö�¸`¥ ½ £ Á ¾[¸`¹�¹1¾�·&´�Ù Ã £ Á ¸ ³ ¿�´R¥�£ Á ´ ÛÚjÕ ½ ´ ¼G½ ´ Ü Õ�´ ³�µ�Þ ·&¾M¿,Õ�ºe£ Á ¸#¾ ³ ¾ ¼fÁ!Ã ´�»�º#¾ Á1Á £aº�¹1¾�Õ ½Pµ ´�Ù�£*Ö�´ ¼ ¾ ½ · ¸#¹ µ £a×�£a¥�º`´7¾ ¼ × ½ ¾M¿�Õ µ ¸ ³ »
·W£ ³�Þ ¾ ¼�Á!Ã ´Ý¾�¥,¹P´ ½ Ö�´�¿Ñ´¦oÄ´ µ-Á ¹�¾ ¼ Ö�¸`¥ ½ £ Á ¾ 5 1+1 - Ø 1�15Í 7 Û Ê/¹ Á!Ã ´Ý¹P¾aÕ ½Pµ ´ Ã £ ½ ·&¾ ³ ¸ µ ¹w£ ½ ´
¹1Ù�´R× Á £ µ�½ ¾�¹1¹ ÁPÃ ´&Öa¾ µ £aº Á!½ £ µ�Á�½ ´�¹P¾ ³ £ ³�µ ´�¹ Ø�Á ¸#·T¥ ½ ´i£ ³ ¿�£a·&×�º#¸ Á Õ�¿�´4·W¾�¿�Õ�º#£ Á ¸`¾ ³ ¹�£a¹:Ù�´Rº#º
£a¹ ¼G½ ´ Ü Õ,´ ³�µ-Þ ·&¾M¿,Õ�ºe£ Á ¸#¾ ³WÁ £+�x´4×�º#£ µ ´ Û Ê ³ ¾ Á!Ã ´ ½ ×�º#£aÕ�¹1¸#¥�º`´ Á!Ã ´�¾ ½1Þ ¸`¹ ÁPÃ £ Á8Á!Ã ´ Á!Ã ´[¹1¾�Õ ½Pµ ´
¹P×�´ µ-Á!½ Õ�· ½ ´�·g£x¸ ³ ¹ ½ ´Rº#£ Á ¸^Ö�´Rº Þ&µ ¾ ³ ¹ Á £ ³�ÁRØ £ ³ ¿ Á!Ã ´HÖa¾ µ £aº ÁP½ £ µ-Án½ ´�¹P¾ ³ £ ³�µ ´�¹m£ ½ ´H·&¾M¿�Õ,ºe£ Á ´R¿ Ø
µ £xÕ�¹P¸ ³ » Á ¸#·T¥ ½ £aº µLÃ £ ³ »�´�¹ ÁPÃ £ Á�½ ´�¹PÕ�º Á ¸ ³ Öa£ ½ ¸e£ Á ¸#¾ ³ ¾ ¼ QMGDP«A,GDÌl�+G¬Í�×�¸ ÁPµLÃ 5 1�1�1 7 Û kM´�Öa´ ½ £xº
¹P¾aÕ ½Pµ ´R¹ ÌGµ ¸ Á ´R¿ó¸ ³ 5 1�1�1 7 è £aº#¹1¾Å¹ Ã ¾5Ù Á!Ã £ Á £aÕ�¿,¸ Á ¾ ½1Þ�¼ ´R´�¿�¥�£ µ �ä×�º#£ Þ ¹g£�Ö�¸ Á £aº ½ ¾�º`´�¸ ³óÁ!Ã ´
× ½ ¾M¿�Õ µ�Á ¸`¾ ³ ¾ ¼ £ µ ¾ ³�Á!½ ¾�º#º`´R¿�Ö�¸#¥ ½ £ Á ¾ Û

m ºé¿MÄ*Ä�¼Mº�Ç ¿�Æeû�¾�¸v¾�Åe¼Òûj¼M¾+Ä�¸"û�»8ÇDÄj»8¾6Ç
*H¸poÄ´ ½ ´ ³�µ ´R¹D¸ ³4Á!Ã ´�¹P¾�Õ ½Pµ ´�¹P×�´ µ�ÁP½ Õ�· £aº#¹1¾H¿�¸`¹ Á ¸ ³ »�Õ�¸`¹ Ã�Á!Ã ´�¹1¸ ³ »a¸ ³ »8Ö�¾�¸ µ ´ ¼G½ ¾�· ¹P×�´R´ µLÃ
ÛjånÃ ´
Õ�×�×�´ ½nÃ £ ½ ·&¾ ³ ¸ µ ¹�¾ ¼pÁPÃ ´�¹P¸ ³ »�¸ ³ »4Ö�¾�¸ µ ´�¹1×Ä´ µ�Á!½ Õ�· ¥�´ µ ¾�·W´m·W¾ ½ ´H× ½ ¾�·W¸ ³ ´ ³�Á £x¹f£4Ö�¾ µ £aº`¸#¹ Á
Õ ³ ¿,´ ½ »a¾M´�¹ Á!½ £x¸ ³ ¸ ³ » Ø�µ £aÕ�¹1´R¿ä¥ Þ�µLÃ £ ³ »a´R¹�¸ ³ÅÁ!Ã ´�»�º`¾ ÁPÁ £aºBì µ º`¾�¹P´�¿ Ü Õ�¾ Á ¸`´ ³�Á í 5 1�1 . 7 ÛÝånÃ ¸`¹

1�f .



¹P×�´ µ-Á!½ £aº ½ ¸ µLÃ�³ ´�¹P¹ µ ¾�·W´�¹/Ùf¸ Á!Ã º`¸ ÁPÁ º#´:¾ ½/³ ¾�´Ds Á!½ £WÖ�¾ µ £xº�´¦oÄ¾ ½(Á*Ø ¥,Õ Á�½ £ Á!Ã ´ ½ ·&¾ ½ ´[´¦ó µ ¸`´ ³�Á
Õ�¹1´[¾ ¼sÁ!Ã ´:Öa¾ µ £aº µ ¾ ½ ¿�¹ 5 1�1�1 7 Û

Ê ³ ¾ ÁPÃ ´ ½ ¸#·&×Ä¾ ½(Á £ ³�Á £a¹1×Ä´ µ�Á ¾ ¼�Á!Ã ´WÖ�¾ µ £xº�¹1¾�Õ ½Pµ ´g¸`¹ ÁPÃ ´&Öx£ ½ ¸e£ Á ¸#¾ ³ ¾ ¼ ¹P×�´ µ�ÁP½ £aº Á ¸`º Á
Ùf¸ ÁPÃ º#¾�Õ,¿ ³ ´R¹1¹ Û � ½ ´R¹ µ ´ ³ ¿�¾�¾ ¼�ÁPÃ ´ßÖ�¾a¸ µ ´�¸`¹�£ µ�µ ¾�·&×�£ ³ ¸`´R¿À¥ Þ £æº`´�Ö�´�º#¸ ³ »æ¾ ¼:Á!Ã ´�Õ�¹PÕ�£xº
¿�¾5Ù ³ Ù�£ ½ ¿ Á ¸#º Á ¾ ¼�Á!Ã ´[¹1×Ä´ µ�Á!½ Õ�· 5 1+1/+ Ø 1ji+f Ø 1ji 1 7 Ì ¸ ³ ¾ Á!Ã ´ ½ Ù�¾ ½ ¿�¹ Ø £ ³ ¸ ³�µ�½ ´R£a¹P´�¸ ³ ´ ³ ´ ½ » Þ
¾ ¼�Ã ¸`» ÃT¼G½ ´ Ü Õ,´ ³�µ-Þ ×�£ ½(Á ¸e£xº#¹ è;Û�ånÃ ¸#¹ Á ¸`·T¥ ½ £aºM¿,¸poÄ´ ½ ´ ³�µ ´n¸`¹j£aº`¹P¾�£a×,×�£ ½ ´ ³�Á ¸ ³TÁ!Ã ´ µ ¾�·&×�£ ½ ¸#¹P¾ ³
¾ ¼ ¹1¾�º#¾�£ ³ ¿ µLÃ ¾�¸ ½ á%¹ Á%Þ º#´T¹1¸ ³ »�¸ ³ » 5 1�1 ¶ 7 Û��%³�µ ¾ ³�Á!½ £x¹ Á*ØWn º#£ ÁPÁ 5 1*f6i 7 Ã £a¹H¿�´�·W¾ ³ ¹ Á!½ £ Á ´�¿ Á!Ã £ Á
¹P×�´R´ µLÃ ×�´ ½1µ ´�¸`Ö�´�¿ £a¹6X P«G¬U+HLKfo Ì ¾ ¼�Á ´ ³ £x¹P¹P¾ µ ¸#£ Á ´�¿¯Ùf¸ ÁPÃ ¹P¾ ¼�Á ¹P×�´R´ µLÃ £ ³ ¿À¹P¸ ³ »�¸ ³ » èiÃ £x¹�£
Ã ¸`» Ã ´ ½ º#´-Ö�´Rº
¾ ¼ £a¹P×,¸ ½ £ Á ¸#¾ ³g³ ¾�¸`¹P´m£ ÁnÃ ¸`» Ã ´ ½d¼G½ ´ Ü Õ,´ ³�µ ¸#´R¹ ÁPÃ £ ³7¼ Õ�º`º Þ á%× Ã ¾ ³ £ Á ´R¿7¹1×Ä´�´ µLÃ�Ø £ ³ ¿
Á!Ã ¸#¹�¸#¹d£ ³ ¸#·&×Ä¾ ½1Á £ ³?ÁDµ Õ�´ Á ¾ ³ £ Á Õ ½ £aº ³ ´R¹1¹�¸ ³ ¹ Þ�³�Á!Ã ´ Á ¸ µ ¹P×�´R´ µLÃ�Û Ét¸
�a´-Ùf¸#¹1´ Ø?Á!Ã ´8´DsM¸#¹ Á ´ ³�µ ´8¾ ¼
Q�ï�C@F�G¬ÍWOÏE�Ì
F�G ½ ´R¹PÕ,º Á ¸ ³ » ¼G½ ¾�· Á Õ ½ ¥�Õ�º#´ ³�µ ´�¸ ³wÁ!Ã ´�»aº#¾ Á1Á £aºt£x¸ ½ ¹ Á!½ ´*£a· Ã £a¹8¥Ä´�´ ³ ¸ ³ Ö�´R¹ Á ¸`»�£ Á ´�¿
¥ Þ ��¾M¾+�T¸ ³iÁ!Ã ´f¿�´-Ö�´�º#¾�×�·&´ ³�Á ¾ ¼
ÁPÃ ´­k�ÚÄÊRk � ¹1¸ ³ »�¸ ³ »�¹ Þ�³�Á!Ã ´R¹P¸`¹�¹ Þ ¹ Á ´�· ¹1´ µ-Á ¸#¾ ³ 5 ý 1 Ø 1ji�f 7 ÛÚjÕ�º`¹P´qpTÌLH<H$GDPg£ ³ ¿hÍ+PTÌ QTHm£ ½ ´ß£aº`¹P¾Å¸#·&×Ä¾ ½(Á £ ³�Á £ ÁPÁP½ ¸`¥�Õ Á ´�¹W¾ ¼�Á!Ã ´ß»aº#¾ Á1Á £aº�Ù�£*Ö�´ ¼ ¾ ½ · Û
r ÌLH8H$GDP ½ ´Rºe£ Á ´R¹ Á ¾iÖx£ ½ ¸e£ Á ¸#¾ ³ ¹�¸ ³�¼ Õ ³ ¿�£a·W´ ³�Á £aº ¼G½ ´ Ü Õ�´ ³,µ�Þ £ Á8½ £ Á ´R¹ Ã ¸`» Ã ´ ½�Á!Ã £ ³wÁ!Ã ´ Á%Þ ×�¸ µ £aº
Ö�¸#¥ ½ £ Á ¾ ¼G½ ´ Ü Õ�´ ³�µ�Þ ¾ ¼ £�¹1¸ ³ »�´ ½RØDÁ%Þ ×�¸ µ £aº`º Þ £a¹P¹1¾ µ ¸e£ Á ´R¿æÙf¸ ÁPÃ ¸ ³ Ö�¾aº#Õ ³�Á £ ½1Þæ½ £ ³ ¿�¾a· ³ ´�Õ ½ £xº
Ç ½ ¸ ³ »�¸ ³�Á!Ã ´W£aÕ�¿�¸ Á ¾ ½(Þ�¼ ´R´�¿�¥�£ µ � µLÃ £a¸ ³ ¾ ¼�Á!Ã ´ Ã Õ,·g£ ³ ×�¸ ÁPµLÃ�µ ¾ ³�Á!½ ¾aº�·&´ µLÃ £ ³ ¸#¹1· Ûts PDÌ QTH
½ ´ ¼ ´ ½ ¹ Á ¾Ý¹Pº#¾5Ù Öa£ ½ ¸e£ Á ¸#¾ ³ ¹4¾ ¼ ×�¸ Á!µLÃ ¿�Õ�´ Á ¾ Á Õ ³ ¸ ³ » Ø £Ý¹1¾�·&´�Ù Ã £ Á ·&¾ ½ ´ µ ¾ ³�Á!½ ¾�º#º#£a¥�º#´g£ Á á
Á!½ ¸#¥�Õ Á ´ Û ��¾M¾+� 5 1ji�f 78¹ Á Õ�¿�¸#´�¿ ÁPÃ ´�¹1×Ä´ µ�ÁP½ £Å¾ ¼ ×�¸ Á!µLÃ Æ1¸ ÁPÁ ´ ½ £ ³ ¿ó¿ ½ ¸ ¼�Á ¹P¸`» ³ £aº`¹ µ ¾�·&×�Õ Á ´�¿
¼G½ ¾a·÷Ö�¾ µ £xº#¸#¹ Á ¹H¹1¸ ³ »a¸ ³ »�¸ ³ Öa£ ½ ¸#¾aÕ�¹ ½ £ ³ »�´R¹�¾ ¼ ×�¸ Á!µLÃ £ ³ ¿Ý¿ Þ�³ £x·W¸ µT½ £ ³ »�´ ÛN�%³ »�´ ³ ´ ½ £aº Ø
Ã ´
¼ ¾�Õ ³ ¿ ÁPÃ £ Á ·&¸ ³ ¸#·TÕ�· Æ1¸ ÁPÁ ´ ½ Ù�£a¹ ¼ ¾�Õ ³ ¿�Ù Ã ´ ³ ¹1¸ ³ »a´ ½ ¹ ÁP½ ¸`´R¿ Á ¾i× ½ ¾M¿,Õ µ ´:£�¹P¸`» ³ £aº�Ùf¸ ÁPÃ�³ ¾
Ö�¸#¥ ½ £ Á ¾ Ø £ Á4Ã ¸#» Ã ×�¸ Á!µLÃ�Ø £ ³ ¿æ£ Á £uº`¾5Ùÿ¿ Þ�³ £a·&¸ µ º#´-Ö�´�º Ût� £�sM¸#·4Õ�·ëÆ1¸ ÁPÁ ´ ½ ¾ µRµ Õ ½P½ ´�¿�Ùf¸ ÁPÃ
× ½ ¾M¿�Õ µ�Á ¸`¾ ³ ¾ ¼ ÖM¸`¥ ½ £ Á ¾ Ø £ Á º#¾5Ù ×,¸ Á!µLÃ
Ø £ ³ ¿�£ Á £ Ã ¸#» Ã ¿ Þ�³ £x·W¸ µ º#´�Öa´Rº Û

-rÔvu >@w8L#xC7I3ê×65y02z6z6w{3�:&1|?HL}5�ÙD3 MN79<HFG79<HF OP3G7914L

MBAC<¹ÙD?HL}5D795
ånÃ ¸`¹�¹P´ µ�Á ¸#¾ ³ »�¸`Öa´R¹D£/¥ ½ ¸`´ ¼ ¾5Ö�´ ½ Ö�¸#´-Ùä¾ ¼ ´DsM¸`¹ Á ¸ ³ »mº`¸ Á ´ ½ £ Á Õ ½ ´d¿,´*£aº`¸ ³ »fÙf¸ ÁPÃ4µ ¾a·W×�Õ Á ´ ½ ¹ Þ�³�Á!Ã ´;á
¹P¸`¹�¾ ¼tÁPÃ ´�¹P¸ ³ »�¸ ³ »[Ö�¾a¸ µ ´ Û)�%³�µ ¾�·&×�£ ½ ¸#¹P¾ ³gÁ ¾T¹1×Ä´�´ µLÃ ¹ Þ�³�Á!Ã ´�¹P¸`¹ Ø £ ½ ´�ºe£ Á ¸`Öa´Rº Þ ¹1·g£aº`º
£x·W¾�Õ ³?Á

1�f,+



¾ ¼ Ù�¾ ½ ��¾ ³�Á!Ã ´ Á ¾�×�¸ µ�Ã £a¹f¥Ä´�´ ³ Õ ³ ¿�´ ½1Á £+�a´ ³ ¥ Þ�½ ´�¹P´*£ ½PµLÃ ´ ½ ¹ Û
~��_�t~�� ånÃ ´Àì«kM¸ ³ »�¸ ³ »nÚ Ã�Þ ¹P¸ µ £aºdÊ ½(Á ¸ µ Õ�ºe£ Á ¾ ½(Þ k Þ�³�Á!Ã ´�¹P¸`¹ � ¾�¿�´Rºpí Ì k�ÚÄÊRk �ßè Ù�£x¹4¿�´;á
Ö�´�º#¾�×�´R¿�¥ Þ Ú�´ ½1½1Þ ��¾�¾��w£ ÁfÁ!Ã ´�k Á £ ³,¼ ¾ ½ ¿���´ ³�Á ´ ½/¼ ¾ ½ ��¾�·&×�Õ Á ´ ½�a ´�¹P´R£ ½PµLÃ ¸ ³t� Õ�¹P¸ µ £ ³ ¿
Ê µ ¾�Õ�¹ Á ¸ µ ¹ Ì ��� a#� Ê è 5�� i+f Ø � i�i Ø � i�� 7 Û k ÚÄÊ�k � ¸#¹/£&» ½ £a× Ã ¸ µ £xº Ø ¸ ³�Á ´ ½ £ µ�Á ¸^Ö�´�¹P¸ ³ »�¸ ³ »&¹ Þ�³ á
Á!Ã ´R¹P¸`¹�¹ Þ ¹ Á ´R· Á!Ã £ Á £aº#º`¾JÙf¹ Á!Ã ´mÕ�¹P´ ½�Á ¾T·W£ ³ ¸`×�Õ�ºe£ Á ´ Á!Ã ´mÖx£ ½ ¸#¾�Õ,¹n£ ½1Á ¸ µ Õ�ºe£ Á ¾ ½ ¹d¾ ¼tÁPÃ ´HÖ�¾ µ £aº
Á!½ £ µ�Á £ ³ ¿�¹ Þ�³?ÁPÃ ´R¹1¸#é�´ Á!Ã ´ ½ ´R¹1Õ�º Á ¸ ³ »�¹1¾�Õ ³ ¿�¹8¸ ³w½ ´*£aº�á Á ¸`·W´/¾ ³ £ ã ´I� å Ù�¾ ½ �?¹ Á £ Á ¸`¾ ³�Û

ånÃ ´gÕ ³ ¿,´ ½ º Þ ¸ ³ »�·W¾�¿�´�ºj¸#¹ Á!Ã £ Á ¾ ¼ £ ì(Ù�£*Ö�´�»�Õ�¸#¿,´ íß¾ ½ ¾ ³ ´-á%¿,¸#·&´ ³ ¹1¸#¾ ³ £xº Á Õ�¥�´ ½ ´R×�á
½ ´�¹P´ ³?Á £ Á ¸`¾ ³ ¾ ¼:Á!Ã ´uÖ�¾ µ £aº Á!½ £ µ�ÁRÛ ��¾aÕ�×�º#¸ ³ »æ¾ ¼�ÁPÃ ´uÖa¾ µ £aº Á!½ £ µ�ÁgÁ ¾ ÁPÃ ´ ³ £a¹P£aº µ £5Ö�¸ Á%Þ ¸`¹
£aº`¹P¾i·W¾�¿�´�º#´R¿ Ø £a¹f¸#¹ ½ £x¿�¸e£ Á ¸#¾ ³ ¾ ¼ ¹1¾�Õ ³ ¿ Á!Ã�½ ¾�Õ�» ÃwÁ!Ã ´ ÁPÃ�½ ¾�£ Á Ù�£aº`º Û ` £ ½ ¸#¾�Õ�¹n»aº#¾ Á1Á £aº�×,Õ�º#¹1´
¹ Ã £a×Ä´�¹T£ ³ ¿ Á Õ ½ ¥�Õ�º`´ ³�µ ´ ÌG³ ¾�¸#¹1´ è ¹P¾aÕ ½Pµ ´R¹ µ £ ³ ¥�´WÕ,¹P´R¿ Á ¾u´Ts µ ¸ Á ´ ÁPÃ ´iÖ�¾ µ £aº Á!½ £ µ�Á ·&¾M¿�´�º Ûk Þ ¹ Á ´R· ¸#¿�´ ³�Á ¸`Ç µ £ Á ¸#¾ ³iÁ ¾�¾�º#¹d£ ½ ´H£aº`¹P¾�× ½ ¾5Ö�¸#¿,´R¿ Á ¾T£aº`º#¾5Ù ÁPÃ ´mÕ�¹1´ ½�Á ¾4¾�¥ Á £a¸ ³ ¹ ÞM³�ÁPÃ ´R¹1¸#¹n×�£Iá
½ £x·W´ Á ´ ½ ¹m£xÕ Á ¾�·W£ Á ¸ µ £xº#º Þi¼G½ ¾�·Ú£i× ½ ´ ½ ´ µ ¾ ½ ¿,´R¿�¹P¾aÕ ³ ¿�Ç�º#´ Û�ånÃ ´4¹ Þ ¹ Á ´�· ¸#¹8£aº#¹1¾ µ £a×�£a¥,º#´:¾ ¼
¸ ³�Á ´ ½ ×�¾�º#£ Á ¸ ³ »[×�£ ½ £a·&´ Á ´ ½ ¹�¸ ³ Öx£ ½ ¸#¾�Õ�¹�¿�¾�·W£a¸ ³ ¹ Ø ¹PÕ µLÃ £a¹n£�ì1¹ Ã £a×�´H¹P×�£ µ ´¦í ÁPÃ £ Ánµ ¾ ½P½ ´Rº#£ Á ´�¹
·&¾ ½ ´ µ º#¾a¹P´Rº Þ Ùf¸ Á!Ã ×Ä´ ½Pµ ´�× Á Õ�£aº
Ö�¾5Ù�´Rºp£ Á1Á!½ ¸#¥�Õ Á ´R¹ Á!Ã £ ³ º`¸ ³ ´R£ ½ ¸ ³�Á ´ ½ ×�¾�ºe£ Á ¸#¾ ³ ¾ ¼ Öa¾ µ £aº ÁP½ £ µ-Á
·&¾M¿�´�ºp×�£ ½ £x·W´ Á ´ ½ ¹ Û Ê�¹1¾ ¼�Á Ù�£ ½ ´T¹ ÞM³�ÁPÃ ´R¹1¸#¹�¹ Þ ¹ Á ´R· µ £aº`º#´�¿úì«kM¸ ³ »�´ ½RØ íWÙ Ã ¸ µLÃ Õ�¹P´�¹ïk�ÚÄÊRk �
×�£ ½ £a·&´ Á ´ ½ ¹ Á ¾æ¹ Þ�³?ÁPÃ ´R¹1¸#é�´ß¹P¾�Õ ³ ¿�¹ ¼G½ ¾�·~¹P¸`·W×�º`´w·W¾�Õ,¹P´ß£ ³ ¿ �±� * � > µ ¾ ³�Á!½ ¾�º#¹ Ø�Ã £a¹g£aº#¹1¾
¥�´R´ ³�µR½ ´*£ Á ´R¿ Û�ånÃ ¸#¹�¹ Þ ¹ Á ´R· Ã £x¹�¥Ä´�´ ³ £a×�×�º`¸#´R¿ Á ¾ Á!Ã ´i¹ Þ�³�Á!Ã ´R¹P¸`¹[¾ ¼�òjµ�µ º#´�¹P¸#£a¹ Á ¸ µ £xºjÉp£ Á ¸ ³
Ì Ù Ã ¸ µLÃ�Ã £a¹nÖ�´ ½1Þw½ ¸`»�¸#¿�× Ã ¾ ³ ´ Á ¸ µ ¹ Á!½ Õ µ�Á Õ ½ ´ è-Û

ù&����� b ånÃ ´q� Ë Ê ã å ¹ Þ ¹ Á ´R· 5��,� + 7�Ù�£a¹�¿�´�Öa´Rº#¾a×Ä´�¿�¥ Þ ��£*Ö�¸#´ ½Ba ¾�¿�´ Á £ ³ ¿ Ã ¸`¹ µ ¾�º^á
º#´R£a»�Õ�´�¹�£ Á�Á!Ã ´q�DO�FDH<ÌLHUï H³Í�G��4�R�R�������R���B���&���/�Z�VÍ+Ìl�����<Ì��Z�6�#�R�Iï����<ÌV�Rï��j �¡ßïY�DÌV�Rï¢� Ì<�¤£ ��Ê �ßè
¸ ³ Ú�£ ½ ¸#¹ Û�ånÃ ¸`¹/¹ Þ ¹ Á ´�· Ø Ù Ã ¸ µLÃ�Ã £a¹/£aº#¹1¾W¥�´R´ ³ Õ�¹1´R¿ß¸ ³ ·&¾ ½ ´�»a´ ³ ´ ½ £aºp·TÕ�¹1¸ µ £aºt¸ ³ ¹ Á!½ Õ�·W´ ³�Á
¹ Þ�³�Á!Ã ´R¹P¸`¹ Øj½ ´Rº#¸`´R¹�¾ ³ ¿�¸ ½ ´ µ�Á�Á ¸#·&´-áY¿�¾�·W£a¸ ³ ¹ Þ�³?ÁPÃ ´R¹1¸#¹�¾ ¼ ¹P¾ µ £aº#º`´R¿Âì ¼ ¾ ½ ·W£ ³�Á Ù�£*Ö�´ ¼ ¾ ½ ·&¹ Û íã ¾�¿�¸ ½ ´ µ-Á[µ ¾ ³�Á!½ ¾�º�¾ ¼�Á!Ã ´W»�º`¾ ÁPÁ £aºD¹1¾�Õ ½Pµ ´g¸`¹4£*Öx£a¸#º#£a¥�º`´ Û Ê ¹1×Ä´ µ�ÁP½ £aº Á ¸`º Á ìIº#¾�Õ�¿ ³ ´R¹1¹�¹ µ £xº#¸ ³ »
£aº`»�¾ ½ ¸ Á!Ã ·ü¸`¹�Õ�¹1´R¿ Á ¾ µ ¾ ³�Á!½ ¾�º Ã ¸`» Ã4¼G½ ´ Ü Õ�´ ³�µ-Þ ×�£ ½(Á ¸#£aº,£x·W×�º`¸ Á Õ�¿�´R¹�£a¹D¿,´R¹ µ�½ ¸`¥Ä´�¿&¸ ³TÁ!Ã ´�× ½ ´;á
Ö�¸#¾�Õ,¹m¹P´ µ�Á ¸#¾ ³�Û k�¸ ³�µ ´ ¼ ¾ ½ ·g£ ³�Á º#¾ µ £ Á ¸#¾ ³ ¹8£ ½ ´T´DsM×�º`¸ µ ¸ Á º Þ�µ ¾ ³?ÁP½ ¾�º`º#´�¿ ØÄÁPÃ ´4×�¸ Á!µLÃ áY¿�´R×�´ ³ ¿�´ ³�Á
¥����j�8¦����8�@£V�T¡�§L���<�8���j���|� �W¨��@çD�/���D¡�§L� ���|�8� �D£��|©ª¦}§�¨«§V¬�­V®�¯v°²±³¯v´µ±�¶·­�¯�°¸¶¹°Z±/ºZ­V®»´�¼E½¾­V®�¯�°Z±³¯�´�±�¿Z´»À�®»À/Á¤ÀIÂZÃÄÀI´

Á¤ÀI°E®»´�À�Â¹ÂÅ¶¹°jç|ÆÇÂ¹ÆÈÁj®�´»ÀI°³¶·Á«É�ºZ­»¶¹Á)¶¹°Z­�®�´»ºZÉ|ÆÈ°E®�­ÈÊ
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¼ ¾ ½ ·g£ ³�Á ¹ Ã ¸ ¼�Á ¸ ³ »g¾ ¼�Á!Ã ´ ¼ ´�·g£xº#´:Ö�¾�¸ µ ´ Ø £a¹m¿,´R¹ µ�½ ¸`¥Ä´�¿Ý£a¥Ä¾5Öa´ Ø�µ £ ³ ¥Ä´ µ ¾ ³ Öa´ ³ ¸`´ ³�Á º Þ ¸`·W×�º`´-á
·&´ ³�Á ´�¿ Û ��¾ ³ ¹1¾ ³ £ ³�Á ¹�£ ½ ´�¹ Þ�³�Á!Ã ´�¹P¸#é�´R¿&¥ Þ4Á!½ ¸e£aº�£ ³ ¿�´ ½P½ ¾ ½ ¹ Á%Þ º#¸#éR£ Á ¸`¾ ³ ¾ ¼�¼ ¾ ½ ·W£ ³�Á�µ ¾ ³�Á ¾�Õ ½ ¹
Á!Ã £ Áf½ ´�¹P´R·4¥�º#´ ¼ ¾ ½ ·g£ ³�ÁnÁP½ £ ³ ¹1¸ Á ¸#¾ ³ ¹�¸ ³w³ £ Á Õ ½ £aº
¹P¸ ³ »�¸ ³ » Û

Ì�Õ ³ ¿�¥�´ ½ » Ã £a¹8£aº`¹P¾�¸ ³ Öa´R¹ Á ¸#»�£ Á ´�¿ ¼ ¾ ½ ·g£ ³?Á ¹ Þ�³?ÁPÃ ´R¹1¸#¹8·W´ Á!Ã ¾�¿�¹ ¼ ¾ ½ ¹1¸ ³ »�¸ ³ »CÍ �³Î��IÏ Û

T � Ð õWÑ�Ò³ÓÕÔ Ð9ÖVÐ × ¾ Ã�³ � Ã ¾5Ù ³ ¸ ³ »T¾ ¼ ��� £#� Ê Ã £a¹�´�ØM×Ä´ ½ ¸`·W´ ³?Á ´R¿gÙf¸ Á!Ã&¼G½ ´ Ü Õ�´ ³�µ�Þ ·W¾�¿Má
Õ�º#£ Á ¸`¾ ³ Ì»[8�uè ¹ ÞM³�ÁPÃ ´R¹1¸#¹g¾ ¼mÁ!Ã ´�¹1¸ ³ »�¸ ³ »�Ö�¾�¸ µ ´ÙÍ �³Î ý�Ø �³Î S Ï Û�ånÃ ¸`¹ Á ´ µLÃ�³ ¸ Ü Õ�´ Ø Ù Ã ¸ µLÃ�Ã £x¹
¥�´R´ ³ £7×�¾�×�Õ,ºe£ ½ ·W´ Á!Ã ¾�¿ß¾ ¼ ·TÕ,¹P¸ µ ¹ Þ�³�Á!Ã ´�¹P¸`¹ ¼ ¾ ½ ¾5Ö�´ ½ Î�Ë Þ ´R£ ½ ¹ Ø�½ ´�º#¸`´R¹m¾ ³�µR½ ´R£ Á ¸ ³ » µ ¾�·iá
×�º`´�ØÅ¹P×�´ µ-Á!½ £�Ùf¸ Á!Ã £�¹P·W£aº`º ³ Õ,·T¥Ä´ ½ ¾ ¼ ¹1¸#·&×�º#´ [8� ¾�¹ µ ¸#º#º#£ Á ¾ ½ ¹ Û Êmº ÁPÃ ¾�Õ�» ÃÅÁ!Ã ¸#¹4·&´ ÁPÃ ¾�¿
¾�ÚÄ´ ½ ¹T£�º`¾5Ù�á µ ¾a·W×�º`´�ØM¸ Á%Þ ·W´ Á!Ã ¾�¿�¾ ¼ × ½ ¾�¿�Õ µ ¸ ³ » ½ ¸ µLÃ ¹P×�´ µ-Á!½ £ß£ ³ ¿Å·TÕ�¹P¸ µ £aº`º Þ ¸ ³�Á ´ ½ ´R¹ Á ¸ ³ »
¹P¾aÕ ³ ¿�¹ Ø ¸ ÁTÃ £a¹�º`¸ Á1Á º#´&¾ ½T³ ¾ µ ¾ ½1½ ´R¹1×Ä¾ ³ ¿�´ ³,µ ´ Á ¾ ÁPÃ ´w£ µ ¾aÕ�¹ Á ¸ µ ¹�¾ ¼8ÁPÃ ´7Ö�¾a¸ µ ´ Ø £ ³ ¿�¹P´�´R·&¹
¿�¸ ó µ Õ�º Á�Á ¾ µ ¾ ³?ÁP½ ¾�º ÛDånÃ ´/·W´ Á!Ã ¾�¿�¹|� Ã ¾5Ù ³ ¸ ³ » Ã £a¹�¿�´�Ö�¸#¹1´R¿ ½ ´R¹1´R·T¥�º`´ ÁPÃ ´rì ¼ ¾ ½ ·W£ ³�Á Ù�£*Ö�´;á
¼ ¾ ½ ·êíW¹ Þ�³�Á!Ã ´�¹P¸#¹:·&´ ÁPÃ ¾M¿u¾ ¼ �_Û/Ê#Ü å�Ø Ù Ã ´ ½ ´�´R£ µLÃ�¼ ¾ ½ ·W£ ³�Á Ù�£*Ö�´ ¼ ¾ ½ ·à¸`¹ µ�½ ´*£ Á ´R¿�¥ Þ £ ³
[8� ¾�¹ µ ¸#º`ºe£ Á ¾ ½RÛ

Ý Ò³ÓWÔ�Þ6ß�à¢Þ³á � £ Ã ´ ½ £ ³ ¿ ê ´*£xÕ µLÃ £a·&× Ã £*Ö�´W´�ØM×�´ ½ ¸`·W´ ³�Á ´R¿�Ùf¸ ÁPÃ õ����������YXEâã����o²���l���R��äã�
¾ ¼ ¹P¸ ³ »�¸ ³ »iÖa¾�¸ µ ´åÍ �,� Í Ï Û�æ £*Ö�´ Á £a¥�º`´�¹ Þ�³?ÁPÃ ´R¹1¸#¹/¸#¹f£iº#¾5Ù�á µ ¾�·W×,º#´�ØM¸ Á%Þ ·&´ ÁPÃ ¾M¿ Á!Ã £ Á ¸ ³ Ö�¾aº`Ö�´�¹
Ç�º`º#¸ ³ »Å£�¥�Õ�ÚÄ´ ½ Ùf¸ Á!Ã ¾ ³ ´�×Ä´ ½ ¸#¾�¿�¾ ¼ £Å×�´ ½ ¸#¾�¿�¸ µ Ù�£5Öa´ ¼ ¾ ½ · Ø £ ³ ¿ Á!Ã ´ ³¯µ-ÞMµ º#¸ ³ » ÁPÃ�½ ¾�Õ,» Ã
Á!Ã ¸#¹f¥�Õ�ÚÄ´ ½nÁ ¾ µLÃ ¾�¾�¹P´:¾�Õ Á ×�Õ Á ¹P£a·W×,º#´R¹ Û�ç ¸ Á!µLÃ ·W¾�¿�¸`Ç µ £ Á ¸#¾ ³ ¸`¹n·g£x¿�´:×Ä¾�¹1¹P¸`¥�º#´�¥ Þwµ�Þ�µ º#¸ ³ »
Á!Ã,½ ¾�Õ�» Ã�ÁPÃ ´[¥,Õ�Ú
´ ½ £ Á Öx£ ½ ¸#¾�Õ,¹ ½ £ Á ´�¹ Û�ånÃ ´�Ù�£*Ö�´ ¼ ¾ ½ · ´�Öa¾�º#Õ Á ¸#¾ ³ ¸`¹ Ã £ ³ ¿�º`´R¿�¥ Þ Õ,×Ä¿�£ Á ¸ ³ »
¹!£x·W×�º`´R¹8¾ ¼DÁPÃ ´4¥�Õ�Ú
´ ½ Ùf¸ ÁPÃu³ ´-Ù Öa£xº#Õ�´�¹m£a¹ Á ¸`·W´:´�Öa¾�º`Öa´R¹ ÛHò ØM×Ä´ ½ ¸#·&´ ³�Á ¹/Ù�´ ½ ´ µ ¾ ³ ¿�Õ µ�Á ´R¿
Á ¾[¿�´ Á ´ ½ ·W¸ ³ ´ ÁPÃ ´m×�´ ½1µ ´R× Á Õ�£aº ³ ´ µ ´R¹1¹P¸ Á%Þ ¾ ¼�ÁPÃ ´H£a·&×�º`¸ Á Õ,¿�´f·W¾�¿�Õ�º#£ Á ¸`¾ ³ Ù Ã ¸ µLÃ £ ½ ¸#¹1´R¹ ¼G½ ¾�·
¼G½ ´ Ü Õ�´ ³�µ-Þ ·W¾�¿�Õ�º#£ Á ¸ ³ »�£�¹P¾aÕ ½Pµ ´ ÁPÃ £ Á ´vØ µ ¸ Á ´R¹W£�Ç�Ø,´�¿Má ¼ ¾ ½ ·W£ ³�Á Ç�º Á ´ ½¤è £ß·W¾ ½ ´�¿�¸ªé µ Õ�º Á
´IÚÄ´ µ-Á�Á ¾Ý£ µLÃ ¸#´�Öa´w¸ ³ Ù�£*Ö�´ Á £a¥�º`´�¹ Þ�³?ÁPÃ ´R¹1¸#¹ Á!Ã £ ³ ¸ ³ ¹P¾aÕ ½Pµ ´5ìIÇ�º Á ´ ½ ¹ µLÃ ´�·W´�¹ ÛæånÃ ´ Þæ¼ ¾�Õ ³ ¿
Á!Ã £ Á�Á!Ã ¸`¹ Á ¸#·T¥ ½ £aºeìa£a·&×�º#¸ Á Õ�¿�´�·&¾M¿,Õ�ºe£ Á ¸#¾ ³ õ��Z��£ µR½ ¸ Á ¸ µ £aº µ ¾�·&×Ä¾ ³ ´ ³�Á ¾ ¼
³ £ Á Õ ½ £aº ³ ´R¹P¹ Ø £ ³ ¿
¹ Ã ¾�Õ�º#¿w¥�´:¸ ³�µ º#Õ�¿�´�¿w¸ ³�Á!Ã ´:·&¾M¿,´Rº Û
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ånÃ ´�¹ Þ ¹ Á ´R·Ë¿�´�Öa´Rº#¾a×Ä´�¿T¸ ³:Á!Ã ¸`¹sÙ�¾ ½���Øxµ £aº`º#´�¿������������	 Ø ¸#¹s¹ Ã ¾JÙ ³ ¸ ³ ¥�º#¾ µ!� ¿�¸e£x» ½ £a· ¼ ¾ ½ ·ü¸ ³
[ ¸`»�Õ ½ ´ S Û � Û#"YÁ Õ�¹P´�¹n£ µ ¾�·&·W´ ½Pµ ¸#£aº#º Þ á_£*Öx£a¸#º#£a¥�º^´ Ø��$" * " á%¥�£x¹P´R¿g·TÕ�¹P¸ µ/µ ¾�·&×Ä¾�¹1¸ Á ¸#¾ ³ ¹P¾ ¼�Á Ù�£ ½ ´
£a¹8£�Õ�¹P´ ½ ¸ ³�Á ´ ½(¼ £ µ ´ Û&% ¹P¸ ³ » Á!Ã ¸`¹n¸ ³�Á ´ ½1¼ £ µ ´ Ø�ÁPÃ ´:Õ�¹P´ ½ ¹1×Ä´ µ ¸`Ç�´R¹/£i·4Õ�¹P¸ µ £aº�¹ µ ¾ ½ ´4£ ³ ¿wº Þ�½ ¸ µ ¹ Ø
£a¹�Ù�´�º#º�£a¹4¾ ÁPÃ ´ ½ ·TÕ�¹1¸ µ £xº#º Þ áY¸ ³�Á ´ ½ ´R¹ Á ¸ ³ » µ ¾ ³�Á!½ ¾�ºd×�£ ½ £x·W´ Á ´ ½ ¹4¹1Õ µLÃ £a¹[Ö�¸`¥ ½ £ Á ¾ß£ ³ ¿�Ö�¾ µ £aº
¸ ³�Á ´ ³ ¹1¸ Á%Þ�Û ånÃ ¸#¹ µ ¾ ³�Á!½ ¾�º/¸ ³,¼ ¾ ½ ·g£ Á ¸#¾ ³ ¸`¹g¹ Á ¾ ½ ´�¿À¸ ³ £Å¹ Á £ ³ ¿�£ ½ ¿ �$" * " Ç�º#´ ¼ ¾ ½ ·W£ Á&Á!Ã £ Á
µ ¾ ³?Á £a¸ ³ ¹/£xº#º
¸ ³,¼ ¾ ½ ·g£ Á ¸#¾ ³W³ ´ µ ´R¹1¹!£ ½(Þ�Á ¾W¹ Þ�³?ÁPÃ ´R¹1¸#é�´ ÁPÃ ´�Ö�¾ µ £aºt×�£x¹P¹!£x»�´ Û

ê £a¹P´�¿�¾ ³ÝÁPÃ ¸#¹m¸ ³ ×�Õ Á �$" * " Ç�º#´ Ø
Á!Ã ´�¹ Þ ¹ Á ´R·à¹1´Rº#´ µ�Á ¹�¹ Þ�³�Á!Ã ´�¹P¸#¹:·&¾M¿,´Rº�×�£ ½ £a·&´ Á ´ ½ ¹
¼G½ ¾a· £ ³ ¸ ³ Ö�´ ³�Á ¾ ½1Þ ¾ ¼ Öa¾�¸ µ ´W¿�£ Á £ Á!Ã £ Á4Ã £x¹[¥�´R´ ³ £ ³ £xº Þ éR´�¿�¾('&¸ ³ ´WÕ�¹1¸ ³ » Á!Ã ´W¹1¸ ³ Õ�¹P¾a¸#¿�£aº
·&¾M¿�´�º Û Ê/¹4¸ ³�Á!Ã ´ ånå Ì�¹ Þ ¹ Á ´R·û¿�´R¹ µR½ ¸#¥�´R¿�× ½ ´�Ö�¸#¾�Õ,¹Pº ÞaØ Õ ³ ¸ Á ¹[£ ½ ´g¹P´�º#´ µ�Á ´�¿ Á ¾ ½ ´R× ½ ´R¹1´ ³�Á
¹P´�»�·&´ ³�Á £aº�× Ã ¾ ³ ´ Á ¸ µ7µLÃ £ ½ £ µ�Á ´ ½ ¸`¹ Á ¸ µ ¹4¾ ¼nÁ!Ã ´�Õ ÁPÁ ´ ½ £ ³,µ ´ Ø ¸ ³�µ º`Õ�¿�¸ ³ » µ ¾�£ ½1Á ¸ µ Õ,ºe£ Á ¸#¾ ³ ´IÚÄ´ µ�Á ¹
µ £xÕ�¹P´�¿ ¥ ÞÀÁ!Ã ´ µ ¾ ³�Á ´�Ø Á ¾ ¼ ´*£ µLÃ × Ã ¾ ³ ´R·&´ Û Êmº`»�¾ ½ ¸ Á!Ã ·&¹7¿�´�¹ µ�½ ¸#¥�´R¿ ¸ ³ � Ã £x× Á ´ ½�ý £ ½ ´
Á!Ã ´ ³ £a×�×,º#¸#´�¿ Á ¾ Á!Ã ´ß·&¾�¿�´Rº`´R¿¯¹1´R»�·&´ ³�Á ¹ Á ¾ ½ ´�·W¾5Öa´ß¿�¸#¹ 	 Õ�´ ³�µ ¸`´R¹7¸ ³�Á!Ã ´u¹P¸#» ³ £aº/£ Á7Á!Ã ´
Æ1¾�¸ ³ ´R¿�¥Ä¾aÕ ³ ¿�£ ½ ¸#´�¹ Û�ånÃ ´�¹P¸ ³ Õ�¹P¾�¸`¿�£aºt·&¾M¿,´Rºt¸#¹ ÁPÃ ´ ³ Õ,¹P´R¿ Á ¾&·W¾�¿�¸ ¼�ÞWÁ!Ã ´�×�¸ Á!µLÃ�Ø ¿�Õ ½ £ Á ¸`¾ ³�Ø
£ ³ ¿�¹P×�´ µ-Á!½ £aº µLÃ £ ½ £ µ�Á ´ ½ ¸`¹ Á ¸ µ ¹f¾ ¼sÁ!Ã ´ µ ¾ ³�µ £ Á ´ ³ £ Á ´R¿�Ö�¾�¸ µ ´:Õ ³ ¸ Á ¹f£a¹8¹P×�´ µ ¸`Ç�´�¿�¥ Þ�ÁPÃ ´:¸ ³ ×�Õ Á
·TÕ�¹1¸ µ £aºD¹ µ ¾ ½ ´W£ ³ ¿ µ ¾ ³?ÁP½ ¾�ºj¸ ³,¼ ¾ ½ ·g£ Á ¸#¾ ³
Ûg[ ¸ ³ £aº#º Þ�ØÄÁPÃ ´&¾�Õ Á ×,Õ Á Ù�£*Ö�´ ¼ ¾ ½ · ¸`¹:¹ Þ�³�Á!Ã ´�¹P¸#é�´R¿
Õ�¹1¸ ³ »WÈ�ÉtÊË¹1¸ ³ Õ�¹1¾�¸#¿�£xº�¹ Þ�³�Á!Ã ´�¹P¸`¹ Ø £a¹n¸ ³�Á!Ã ´ Á ´�Ø Á á Á ¾xáY¹P×�´R´ µLÃ £a×�×,º#¸ µ £ Á ¸`¾ ³�Û

ånÃ ¸#¹�£a×�×�º`¸ µ £ Á ¸#¾ ³ ¾ ¼[ÁPÃ ´�¹ Þ�³�Á!Ã ´�¹P¸#¹ ¼G½ £a·&´�Ù�¾ ½�� ¸#¹�×�£ ½(Á ¸ µ Õ�º#£ ½ º Þ ¸ ³?Á ´ ½ ´R¹ Á ¸ ³ »ÂÙf¸ ÁPÃ
½ ´�¹P×�´ µ-Á�Á ¾ ÁPÃ ´4Ù�¾ ½)� ¿�´R¹ µR½ ¸#¥�´R¿�¸ ³�Á!Ã ¸`¹ Á!Ã ´R¹P¸`¹H¥�´ µ £xÕ�¹P´�¸ Á ¿�¸`·W¸ ³ ¸#¹ Ã ´R¹ Á!Ã ´T¸#·&×Ä¾ ½1Á £ ³�µ ´�¾ ¼
Á ´vØ Á £ ³ £xº Þ ¹P¸`¹ Ø × ½ ¾a¹P¾�¿ Þ ·W¾�¿�´Rº`¹ Ø £ ³ ¿ß¾ Á!Ã ´ ½ º#¸ ³ »�Õ�¸#¹ Á ¸ µ £aº`º Þ á%·&¾ Á ¸^Öx£ Á ´�¿ ¼G½ ¾ ³�Á á%´ ³ ¿ß´�º#´R·&´ ³�Á ¹
¾ ¼ £ ånå Ì�¹ Þ ¹ Á ´R· Û�� Õ�¹1¸ µ £xº#º ÞaØ ´R£ µLÃ ¹ Þ º`ºe£a¥,º#´H¾ ¼pÁPÃ ´:¸ ³ ×�Õ ÁnÁ ´�Ø Á ¸#¹f£x¹P¹P¾ µ ¸#£ Á ´�¿�Ùf¸ Á!Ã ¾ ³ ´�¾ ½
·&¾ ½ ´ ³ ¾ Á ´R¹ Ø £ ³ ¿ Á!Ã ´�×�¸ Á!µLÃ £ ³ ¿�¿�Õ ½ £ Á ¸`¾ ³ ¹n¾ ¼ ´*£ µLÃ�³ ¾ Á ´�¹1×Ä´ µ ¸ ¼�Þ ·TÕ µLÃ ¾ ¼�ÁPÃ ´$*1× ½ ¾�¹P¾�¿ Þ�+
¾ ¼sÁ!Ã ´:Õ Á1Á ´ ½ £ ³�µ ´ Û
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command 
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Synthesis control 
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åpo ×�q o Ö1rts�uwv(xyrtx�ÖOuzx|{ o q Þ}o(~
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� ��q)r`×�{ o(~ x o x � u�x � u&Ù o q)s � ÙBv � s�u � rt�Ox�uzs Ø v�x�s�v5{�q)v(r/x�uzs�Ö o �]v(�tr � {�ÙBv � q)u��zq1Õ�rt{)uzs}{ o�� rtx��
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��u�{�{�uzq �1Þ x|{���u � r � q�u � Õ��t{ � Ù�r/�/����u o ��{�v(r/x�u�s Ø�� r/x���ul� o q)u�v(�z��Õ�q�v�{)uk� o s�u��/r/x�� o(~ � o v(q(á
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P Rx2

P2 Rc

cL P1 Rc

L P1 xRc
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14

17

13

7

b
P Rx2

P2 Rc
a

d

symbol key

- right context tests

- result storage

- decision

- offline computed result

- terminal node numbern

n

y

7 1713 14

valid output nodes:

n

n

n

n

n

(other phonemes)

RD

RM

RD

RM

NULL

NULL

n

n

P2

case:
RD_____M

T_____M

T_____* / NULL
RD_____* / NULL
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RP1xL c
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6 12 14 16

valid output nodes:

14

16LM

12LD

n

n

n

n n

(other phonemes)

NULL

LD

LM

NULL / *_____LD
NULL / *_____T

M_____LD
M_____T

case:
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M

LM
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RM
LM
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A A
A A

NULL

N
U

LL

A A A A
A
A

A

A

LDr A A

RDl
RD

A

A

LD
r

A

A

R
D

l
R

D

A

A
A A

from

to

A

A

- illegal

M

A

- merge

- abut

M

M

M

M

M
M

M MM

M

M

M

M

M
M

M

M

M

M

M
M

M

M

M

M

M

M

M M M

M

M M

M M M

MM

M

M

M M

M
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