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JZBgKL@"]sMQ��RTC5M"B[nsE`C7BDM³KF]uM"BgKLBDS7JZEGO"B�KL@"B�eD]aJ�P�]aCFEoKLE`]TO¬RiO"M³RTegKLEonfEoKpkN]TW�]TO"B]TW«KL@"B[CFB�@,]TKLC7P¨]TKFCD�
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�,� � ��O,BDSFbik2M"E`C�KLSFEGI"H,KFE`]aO"CµWX]TS;d � q:RTO"M�� � d:É � BgnaB[O_KFC�E`O�KF@"B ��� � ����	 �cJZ]TO"EGKF]aSFEGO"b��E`O"M"]²�2�����c�c�c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�9¾2�
�,�"! ÇpCF]TKFSF]aP\k�M"E`C�KLS7E`I"H,KFE`]aO,C2WX]TS�d � q RTO"M(� � d9É � B[naB[O\KLC�EGO�KF@"B ��� � ����	 �(J�]aO"E �

KL]aS7E`O"b���E`O,M"]²�2� �c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�9¾3�
�,�Æ¾ ÇpCF]TKFSF]aP\kNM"EGC7KLS7E`I"HfKLE`]TO"C�WX]aS �p�p� Ë�O¬C7]aH"S7eDB2M�RiKLRZRTO,M�É � �$�2�c���c���c�c���c���c�9¾ !
�,� ¸ d�RiK�R�RTO"M�É � E`CF]iKLSF]TP_kuM"E`C�KLS7E`I"H,KFE`]aO,ChWX]aShKL@"B�vTwTw !�  �£R�CFP,E`�TBi�����c�c���c���c�9¾a¾
�,�Æx �cRTH,CFCFE`RTOQJZBDRTO ���� 5niRTVGH"B	naB[SFCFH,C£SLRiM"E`H"ChWX]TS�d � q

��� �4SFH,O"CD�Z���c���c�c���c���c�9¾ax
�,��# Ë5RTM,EURTV�M"EGC7KFSFE`I,H,KLEG]aO"C�WX]aSc� � d�RiO"M¥d � q I"RTe��_baSF]aH,O"M"C�EGO�KF@"B ��� � ����	 �¥J�]aO"E �

KL]aS7E`O"b���E`O,M"]²�2� �c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�9¾2#
�,�G�²w:Ë5RTM,EURTVµM,E`C7KFSFEGI"H,KLEG]aO"C�WX]TS 
�E;d � q�ª�?AV;d � q´RTO"M¬�£R�vTwaw !�M�R�K�R&�c���c�c���c���c�3¸Tw

r



�,�G�a�¥Ë5RTM,EURTV�M,E`C7KFSFEGI"H,KLEG]aO"C£WX]TS�
�E��	?AV�CFH,S7W�RTe[BTª�?AV�d � q RTO"M�� !l@"]TKLC7P¨]iK2M�RiK�Rf��ÇpO
KL@"EGC>P"VG]TK~ª�� ������
	 ������� ����� � ����� � � ��������� ����� � ����� � � ª_��@,BDSFB�� ����� 	�³eD]s]aS7M"E`O�R�KLB�]TW;KL@,B�� � d�ª������ ��� 	 �³eD]s]aS7M"E`O�R�KLB	]TW�KL@,BcBgnaB[O_K�naB[S7KFBgr¬RTO"M
CFE`J�E`V`RTSFVok�WX]aS������c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�3¸Tw

�,�G��v �=EGK7KLBDMlWXSFRTe[KFE`]aON]TW«B[nTBDO\KLC�WX]aSAM"EG°¨BDS7BDO\K�Bgrfe[V`H"C7E`]aONna]aVGH"J�BDC�RTS7]aH"O"M�� !f� �c���c�3¸Tx
�,�G�%�:��rfe[V`H"M"B[M�SFRTM"E`H,ChnaBDS7CFH"C5eD]aO,eDBDO\KFSLRiKFE`]aONWX]aSA?AV;RTO"M�
�EÌd � q$I�RTe��_baS7]aH"O"M"C[�����c�3¸3#
�,�G�����ZM"EGC7KLS7E`I"HfKLE`]TO/]TW«B[naB[O\KLC£]TO �cvN��C�KLSFEGO"b �,���hRTO,M � !N��C�KLSFEGO"bN�²x\�¢�µ���c�c���c���c�9x,�
�,�G�$!®?A@"B�B[O"M"eDRTP�S7BDbaEG]aOl]TW�Kp��] �7]aE`O"B[MQ� � d	CD���c�c���c���c�c���2�c���c���c�c���c���c�9x\v
�,�G�²¾ ���� 	M"EGC7KLS7E`I"HfKLE`]TO/]TW�BgnaB[O_KFC5]TSFE`bTE`O�RiKFE`O"b�WXSF]aJ ��!N�XC7KLS7E`O"bN�²xa�g�����c���c�c���c���c�9x2�
�,�G��¸����_v�@"]aH"S7C>]TW±eD]aJ�J�E`CFC7E`]aO,E`O"b	M"RiK�R2eD]aJ�P�RTS7BDM�KL]����_v�@"]aH"S7C>]iWµ]aP�BDO�JZ]TO_KF@ZM"RiK�R,�cx3�
�,�G�²x ���� 	M"EGC7KLS7E`I"HfKLE`]TO/]TW�BgnaB[O_KFC5]TSFE`bTE`O�RiKFE`O"b�WXSF]aJ ��vN�XC7KLS7E`O"b �,�²�g�����c���c�c���c���c�9xa¾
�,�G�%#:d	EURTbaSFRTJº]TW � ½ } WX]aS�RTON]aH,Kp��RTS7M�ba]aEGO"b�B[nTBDO\K~�±���c���c�c���2�c���c���c�c���c���c�9x2#
�,� vTw¼��d�RiKLR���É � ���Td�RiKLR�WX]aS ���� �naB[SFC7H"C�SLRTM"EGH"C�WX]aSht � q

��� �¼CFeDRTO"CAE`O/KF@"B2� � d4P"@"RTCFBi� #,�
�,� vf�! #"�$&%'%�naB[SFC7H"C5SFRTM"EGH"ChWX]aS�t � q´���²¾�CFeDRTO"C�E`OlKF@"Bc� � d$P,@�RTCFBi�����c���c�c���c���c�4#\v
�,� vav � ½ } M"EGC7KLS7E`I"HfKLE`]TO"C�WX]aSAC7BDV`B[e[KFBDM�M"RiK�R,ª 
�E�É � RiO"M¬?AV�É � E`OlKF@"Bct � q´S7BDbaEG]aOµ���4#2�
�,� v3�:�5H"J�I�BDS�]TW«B[nTBDO\KLC5P�RTC7CFE`O,b�KF@"B ��� � ����	 �¬RTO�RTVoksCFE`C�eDH,KFC£RTC�R�WXH"O"egKLEG]aON]TW«KFE`J�BT� �4#3�
!s�G� �fe�@"BDJZRiKFE`e2M"EURibaSLRTJº]TW=RTO¬t5?AE q-V`]\RiM"BDMlY�VoKLBDSAEGOQR�P�]aVokfP,SF]aP\ksV`B[O"B2eD]aVGH"JZO±���c�A�²waw
!s� v §£OQBgr,RTJ�P"V`B�]TW«M�RiKLR�KLRT�TB[O¬I\klKF@"B2I¨BgK�R��pRTV`P"@"R�eD]aEGO"eDEGM"BDO"e[B2eD]aH"O\KFBDSFC[�N���c���c�A�²w !
!s��� §´C7e�@"BDJZRiKFE`e2SFB[P"SFB[CFBDO\KLRiKLEG]aO¬]iW«KF@"B�KL@"B2M"E`RTba]aO�RiV±eDHfKFKLEGO"b�JZBgKL@"]sMµ���c���c���c�A�²wa¾
!s� � ?A@"B�Y"KFKFE`O"b�]iW�KFSFH"B£I¨BgK�R��pRTV`P"@"ReD]aEGO"eDEGM"BDO,eDBDCAI,E`O"O"B[MlP¨B[SA@"]aH"S>WX]aS ����§	¸2!�WX]aS

?A@�e�@�RTEGOQRTe[KFEGnsEGKpkT��c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A�²wax
!s�"! � � d$P,@�RTCFB�t5?AEUq$RTC7CLR~klS7BDCFH,VGKLCAWX]aShKF@"Bcj��,m£j S7BDbaEG]aOµ� �2�c���c���c�c���c���c�A�a�²w
!s�Æ¾ � ]aJZP"RTSFEGCF]aO�I�B[Kp�>BDB[O(SFB[CFH"VoKLC	��EoKL@�RTO"M���EGKF@"]aH,K£KL@"B�RTM,M"EGKFE`]aO�RiV«I�Rie��sbTSF]aH"O,M

BDSFS7]aSD�=?A@"BDS7B5EGC�O"]cRTM"M"EoKLE`]TO�RTV,B[SFS7]aS�WX]aS�KL@,B�V`RTC7K !�P�]aEGO_KFC�RTC�KL@"]TCFB�RTCFCFR~kfC��>BDSFB
P¨B[S7WX]aS7JZB[M¬H"C7E`O"b�KF@"Bcd � q´S7E`b"� �c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A�a�%�

!s� ¸ ?A@"B¬niRTS7EURiKFE`]aO¥]iW£KL@,]aSFEGH"J e[]aO"eDB[O\KLSLR�KLE`]TO¶WX]aS�M"Eo°±B[SFB[O_K���]²�9SFRiKLB[C�EGO®j>�fm£j
RTCFCFR²ksC[��?A@"B[SFB��hRiC5O"]�]aI\nsE`]TH"C�M"BDP�BDO"M,BDO"e[B]TW«eD]aO,eDBDO\KFSLRiKFE`]aOQ]aON��]²�¼SLR�KLBT� �A�a�²¾

!s�Æx §´M,EURTbaSFRTJº]TW=KF@"B�WXBDBDM,I�RTe��lV`]s]aPlH"C7BDM¬E`OQj��,m£j RiO"M¬eDR~nfEoKpkNRTC7CLR~ksCD���c���c���c�A�a�%#
¾f�G� j�VG]TK�]TW=R~naBDSFRTbaBcP"H"VGCFB2CF@�RiP¨B�WX]aSAI�B[KLRTC�RTO"M¬RTV`P"@"RTC*�c�c���2�c���c���c�c���c���c�A��v2!
¾f� v �fe�@"BDJZRiKFE`e2M"EURibaSLRTJº]TW�KL@"B2C7]aH"SFe[BTª�j�É¬?4RTO,MQe[]aP"P�BDS�@"]aH,CFE`O,b"�9���c�c���c���c�A��va¸
¾f��� � E`SFe[H"EGK�M,EURTbaSFRTJº]TW=KF@"B2CFJ�]f]TKF@"BDS�H"O"EGKD�����c�c���c���c�c���2�c���c���c�c���c���c�A��vTx
¾f� � §£OQBgr,RTJ�P"V`B�e[]aE`O"e[E`M"B[O"eDBiª"��EGKF@¬P"H,V`CFB[C�CFBDP"RTSLRiKFBDMQI\k©�²waw�O"CD�±���c���c�c���c���c�A�%�,�
¾f�"! ?A@"]aSFEGH"J�e�@�RiE`ONSFB[CFH"VoKLCAWXSF]aJ�R�KpksP"EGe~RTVÌS7H"OQH"CFEGO"b�R !�J�
�^ �p�p¡ ?A@QCF]aH,SFeDBi�A���c�A�%�ax
¾f�Æ¾ Ë�B[CFH"VoKLCAWXSF]aJ�� � d-P"@�RTC7B�eDR²nsEoKpkNRTCFCFR~kfC[�¬�c�c���c���c�c���2�c���c���c�c���c���c�A�%�2#
¸s�G� j�VG]TKLC�]TW"KF@"B��Ur¨ª k,�gª�� r¨ª)(~�gª6� kaª*(²��RTO"Ml�Ur¨ª kTª)(~�«M"E`C�KLS7E`I"H,KFE`]aO,C�]iW"SFB[eD]aO,C7KLS7H"e[KFBDM�B[nTBDO\KLC[��� �_v
¸s� v �;]se~R�KLE`]TO�]TW�eDH,KFC�RiO"M©RTP"P"S7]~r,EGJuR�KLB�VG]feDRiKLEG]aO"C£]iW�KF@"B�Kp�>] � !u@"]TKFCFP�]TKLC[��?A@"B

SFBDMQI�RTO,M"C£RiSFB	��@"B[SFB2KL@"Bc��§ � V`]se~RiV`E`C7BDMuKF@"B2@"]TKFCFP�]TK~�Z���2�c���c���c�c���c���c�A�$!2!
¸s��� �fe�@"BDJZRiKFE`e2eD]aJ�P�RTS7E`C7]aOl]TW=��§ � RTO"M ��� � ����	 �QSFB[CFH"VoKLCAWX]aShKL@,B�� !�M"EGC7KLS7E`I"HfKLE`]TOµ�	�A�²¾aw
¸s� � ?A@"B,+Ì�pB[O"BDS7bTklCFP�BDegKLSFR�]TW�KL@,B�� !�@"]TKFCFP�]TKLC[� ���c���c�c���2�c���c���c�c���c���c�A�²¾,�

r,E



xf�G� t5E`C�KL]abTSLRTJ�C]TW���ª ��RiO"M�eD]aC 
�� WX]aS �A� �XSFB[M6�gª�� � �XI"V`H"B~��RTO,M¶�����XbaSFB[BDO6�
B[naB[O\KLCD�N�c���c�c�c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A�²¾\¸

§��G� §´C7e�@"BDJZRiKFE`e2SFB[P"SFB[CFBDO\KLRiKLEG]aO¬]iW�R�M"]aH,I"V`B2B[nTBDO\K~� ���c�c���2�c���c���c�c���c���c�A��¸T¾
§�� v ��O,BDSFbikNM"BDP�BDO"M,BDO"e[B]TW«P"@"]TKF]fM,E`CFEGO\KLBDbTSLRiKFE`]aO/e[SF]aC7C5C7BDegKLE`]TOµ�µ�c���c���c�c���c���c�A��¸a¸

� �o� §´C7e�@"BDJZRiKFE`e2M"EURibaSLRTJº]TW�KL@"B�q5rsWX]aSFMQBDVGH,KLEG]aOlSFEGb ���c�c���2�c���c���c�c���c���c�A�²x\v

rfE`E



� � � � ��� � ��� � � �

�T�G� j=RTS�KLE`e[V`B[C�]iW«KF@"B��sK�RTO,M�RTSFM¬É¬]sM"B[V�]iW�j«RTS7KFE`eDVGB�j�@\kfC7E`e[CD�����2�c���c���c�c���c���c� �
�T� v É¬B~RTC7H"SFB[M�O"BDHfKLSFEGO"]N��HfrfBDCcWXSF]aJ¦C7]aVURiScO,BDH,KFSFE`O,]¬B¢r,P�BDS7E`J�BDO\KLC[�/?A@"B/�,�	q S7Bg�

CFH"VoKLC	RiSFBO,]TK£EGO"eDVGH"M"B[Mµ��?A@"B 
�]TSFBgrfEGO"]/BgrfP�BDS7E`J�BDO\K£EGC5M,E`CFe[H"CFC7BDM©VUR�KLBDS�EGO¬KL@,E`C
e�@�RTP,KFBDSD�$���c�c�c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c� #

�T��� �fH"J�JuRTS�k/]TW«SFB[CFH"VoKLCAWXSF]TJ KL@"B�Y�S7C7K�Kp�>]ZP"@"RTCFB[C5]TW�KL@,B�f�	q$B¢r,P�BDS7E`J�BDO\K ���c�¦���
�T� � �fH"J�JuRTS�k/]TW«O"B[H,KLS7E`O"]�J�EorfE`O"b�P"RTSLRTJ�B[KFBDS7ChKL]�M�RiKLB��c�c���2�c���c���c�c���c���c�3vTw

vs�G� d	E`C7KFSFEGI"H,KLB[MNCF]aH"S7eDB[C5M"B[P"V`]²kTBDM�M,H"SFEGO"b�KL@"Bc� � d-P"@�RiCFBT���2�c���c���c�c���c���c�4�a¾
�f�G� ?=RTS7baB[K�SFRTM"E`]TP"H"SFEoKpk/VGB[naB[V`ChWX]aShKF@"Bcd � q&RTO,M¬t � q ��j>�fm£j���S7BDbaEG]aO"C[�&�c���c���c� !1�
�,�G� Ë�B[CFH"VoKLC	WXSF]TJ�KF@"B�RTO�RiVGksCFEGC	]TW�CF]aH,SFeDB�M"RiK�R/RiO"M*É � WX]TS£CFP�BDe[EGY�B[M©e~RTVGE`I"SFRiKLEG]aO

CF]aH"S7eDB[C¬�c���c�c�c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�9¾ !
�,� v Ë�B[CFH"VoKLC2WX]aS ���� WXSF]TJ CFEGJ�H"V`RiKLEG]aO"C	]TW !¬ÉQB !¦���_E`O"BgKLEGe²�	BDO"B[SFbTk©B[V`B[e[KLS7]aO"CcRTO"M

� Á ¡�?AV�M,BDe~R~ksC���EGKL@NO"]TSFJZRTVÌRTO"MNEGO"eDS7B~RTC7BDM³� � d´S7B[��B[e[KFEGnsEGKpkT�����c���c�c���c���c�9¾\¸
�,��� Ë�B[CFH"VoKLCWXS7]aJ�P"SFB[V`E`J�E`O"RTS7k³W�Ri�TB/M�R�K�R¬KFBDC7KFC�]TWAKF@"BuKp�>]�vTd V`EG�TB[V`E`@,]f]sM�Y"KFKFE`O"b

SF]aH,KFE`O"B[CD�Nj�SF]iKL]TKpksP�BuE`C2KL@,BZe[]fM"B���SFEoKFKLB[O(I\k©KL@"BZRTH,KF@"]aS�RTO"M(ËAq2q�?&E`C2KL@"B
? �6SFRTe[KFE`]aO �=EGK7KLBDS�eD]sM"BT���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�3¸av

�,� � �2B[O"BDSFRiKLB[M(SLR�KLBDCcRTO,M*e[]aO"eDB[O\KLSLR�KLE`]TO"CcWX]TS�B~RTe�@*I�RTe��_baSF]TH"O"M�É � E`O�KF@"Bud � qSFBDbTE`]aO¥]iWAKL@"BZM"B[KFBDe[KF]aSD��§¯JuRiCFC�]TW	�²wawaw¬KF]aO"O"B[C�]TW�d � q9RTO,M �²x2#��_b³]iW��5E
��B[SFBcH"CFB[Mµ�¬�c�c�c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�3¸3�

�,�"! �5H"J�I�BDS>]TWÌBgnaBDO\KFCA]aI,K�RiE`O"B[M�WXS7]aJ KL@"B�JuR�r,EGJ�H"J VGE`�TB[V`EG@"]f]sM�Y"K�KL]cKL@"B5M�RiK�RcE`O
KL@"Bcd � q$S7BDbaEG]aOµ���c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�3¸1�

�,�Æ¾ �fH"J�JuRTS�k�]TW�C7ksC7KFBDJZRiKLEGe/BDS7SF]aS7CWX]aS�KF@"B ��� � ����	 ��RTO�RTVoksCFE`C�]TW�?A@�RTO"M�m�d � qI�RTe��_baSF]TH"O"M"C[� �c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�3¸1�
�,� ¸ �fH"J�JuRTS�k(]iW�C7ksC7KFBDJZRiKLEGe/BDS7SF]aS7C�WX]aS�KF@"B ��� � ����	 ��RiO�RTVGksC7E`C]iW5?A@�RiO"M®m I"H"VG�

� � d$I"RTe��_baSF]aH,O"M"CD�Í���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�3¸2!
�,�Æx �fH"J�JuRTS�k	]TWfSFB[CFH"VoKLCµWXS7]aJ KF@"B ��� � ����	 �cRTO�RiVGksCFEGCÌ]TWfKF@"B�KL@,SFBDB�M"EGC7KFSFE`I,H,KLB[McC7]aH"S7eDBDC

M"BDP"VG]²kaBDM¬E`OlKL@,B�d � q´SFB[baE`]TOQM,H"SFEGO"b�KL@"Bc� � d´P"@�RTC7BT� ���2�c���c���c�c���c���c�3¸2!
�,��# � ]aSFS7BDVUR�KLE`]TOlJuRiKFSFE ruWX]aShKF@"B�vTd4Y"K~�¼�2�c���c�c���c���c�c���2�c���c���c�c���c���c�9xaw
�,�G�²w:Ë5RiKFBDC�RTO"MQJZRTCFC7BDC���]TW«P�RTS7BDO\K5OsH,eDV`B[E �>WX]aShKF@"B � !�ÉQ]aO\KLB � RTSFVG]"�N���c�c���c���c�9x !
�,�G�a�¥�5H"J�I�BDSA]iW«BgnaB[O_KFC5]TI,K�RTEGO"BDMlWXS7]aJºKF@"B�JZR�rfE`J�H"J VGE`�TB[V`EG@"]f]sMZY,KAKL]�KL@,B���!M"RiK�R,�cx !
�,�G��v:�fH"J�JuRTS�k/]TW«C7ksC�KLBDJZRiKFE`e2BDS7SF]aS7C�WX]TShKL@"B ��� � ����	 ��RTO"RTVGksCFEGCA]TW�KL@"B � !�@"]TKLC7P¨]iK~� �9xa¾

rfE`EGE



�,�G�%� �fH"J�JuRTS�k/]TW«C7ksC�KLBDJZRiKFE`e2BDS7SF]aS7C�WX]TShKL@"B ��� � ����	 ��RTO"RTVGksCFEGCA]TW�KL@"B �cv�@"]TKLC7P¨]iK~� �9x\¸
�,�G��� �5H"J�I�BDS2]TW�BgnaBDO\KFC�]aIfK�RTEGO"BDM�WXSF]TJ KL@,B�JuR�rfEGJ�H"J�V`E`�iBDVGE`@"]s]fMQY"K�KL]/KF@"B�M�RiKLR,�

?A@"B£O_H"J�I�BDS�]TWÌBgnaB[O_KFChP�RTC7CFEGO"bBDRTe�@ue[H,KhEGO�KF@"B5e[]aSFS7BDC7P¨]aO,M"E`O"b�É � RTS7B5bTEGnaB[Oµª
RTV`]aO,b���EoKL@lKL@,BcS7BDC7H"VGKFE`O"b�e[]aO"eDB[O\KLSLR�KLE`]TO"CD���c�c���c���c�c���2�c���c���c�c���c���c�9x2#

�,�G�$!:�fH"J�JuRTS�k/]TW«BDS7SF]aS7CAWX]aShKL@"B ��� � ����	 ��RiO�RTVGksC7E`CAE`OlKF@"Bct � q&j��,m5j:SFB[baE`]TOµ��c���c�4#aw
�,�G�²¾ � ]aSFS7BDVUR�KLE`]TOlJuRiKFSFE ruWX]aShKF@"Bct � q4Y"K~�9�c���c�c���c���c�c���2�c���c���c�c���c���c�4# !
�,�G��¸:�fH"J�JuRTS�k/]TW«O"B[H,KLS7]aO¬P,SF]sM"H"e[KFE`]aOlnsEUR�P"@,]TKL]sM"E`C7E`O\KLB[baSLR�KLE`]TO/E`OlKL@,B�� � d$P"@"RTCFBi� # !
!s�G� � BDO\KLSFRTVsniRTVGH"BDC�]TW,?A@�eD]aO,eDBDO\KFSLRiKFE`]aORTO"M�RiI"CF]aVGH,KLB�C�kfC�KLB[JuRiKFE`e�BDS7SF]aS�M"H"B�KL]5H"Of�

eDBDS�K�RTEGO\KpkNE`O/KL@,BcS7E`b�I�RTe��_baS7]aH"O"MQJ�B~RTC7H"SFB[JZB[O_KFC�WX]TS�j>�fm£j RTO,M¬eDR²nsEoKpkNt5?AEUq
RTCFCFR²ksC5E`OlKL@"Bc� � d´P"@"RTCFBi�!�RTVGH"BDCAbTEGnaB[O�RiSFB�ba?A@���b\t � q����²w Ã ��� ���c�c���c���c�A�a��v

!s� v Ë�B[CFH"VoKLCAWXSF]aJ¯KL@"Bcd � q-B ��eDEGBDO"egkNe�@"BDe��QRTC7CLR~ksCD�"�c���c�c���2�c���c���c�c���c���c�A�a���
!s��� Ë�B[CFH"VoKLCAWXSF]aJ¯KL@"B2e~R~nsEGKpk/B ��eDEGBDO"egkNe�@"BDe��QRTC7CLR~ksCD�����c�c���2�c���c���c�c���c���c�A�a���
!s� � �fH"J�JuRTS�k/]TW«B ��e[E`BDO,eDE`B[C�WX]TShKL@"B2O"Bg�4t5?AEUq´P"S7]fe[BDM"H,SFBT�Ê�2�c���c���c�c���c���c�A�a�²¾
!s�"! �sksC7KLB[JuR�KLE`e2B[SFSF]TSFCAWX]aS�d � q´RTO"M¬t � q&RiCFCLR~ksCD��§£VGVµBDS7SF]aS7C�RTSFB�P�BDS7eDBDO\KLRTbaBDC[�Ì���c�A�a��¸
!s�Æ¾ ��S7SF]aS��>BDE`bT@_KFBDM³J�B~RiO¬�p p��?A@¬eD]aO"e[BDO\KLSFRiKLEG]aO"C�WX]aS�B~RTe�@�SFBDbTE`]aONWXSF]aJ¯KL@"B�t5?AEUq

RTCFCFR²ksC[�¬�c���c�c�c�c�c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A��vav
!s� ¸ � ]aJZP"RTSFEGCF]aON]TW � ��� ����	 �¬RTO"M ��� � ����	 �¬?A@Qe�@�RTEGOQS7BDC7H"VGKFCD�����2�c���c���c�c���c���c�A��vav

¾f�G� d	B[W�RTH"VoK�niRTV`H,BDCWX]aS�RTV`V�KL@"S7BDC7@"]aV`M,C�RTO"M�KLEGJZEGO"baC�RTC�CFBgK�]aO�KL@"BQ�fH,M"I"H"S�k�RTO"M
q£rsWX]aS7M¬I�]\RTS7M"CDª�§5H"baH"C�K£vTwaw\¸f�±���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A�%�aw

¾f� v j�S7]aI�BcP�]aEGO_KFC�RTO"MlKL@"S7BDC7@"]aV`M,C ���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A�%�2�
¸s�G� Ë�B[CFH"VoKLCAWXSF]aJ¯KL@"B ��� � ����	 ��RTO"RTVGksCFEGCh]TW«KL@"B � !�@"]TKLC7P¨]iK~�Q���2�c���c���c�c���c���c�A���"�
¸s� v �sK�RTS�K5RTO"MNBDO"M¬M�RiKFBDCAWX]aShKL@,B�� � d$C7P"E`�iBcCFRTJ�P"V`B[CD�(�c�c���2�c���c���c�c���c���c�A���_¸
¸s��� Ë�B[CFH"VoKLCAWXSF]aJ¯KL@"B2BDVGH,KLEG]aOl]TW�KL@"B � !�@"]TKFCFP�]TKLC[�¶�c���c�c���2�c���c���c�c���c���c�A�$!Tx
¸s� � �'��e[E`BDO,eDE`B[C�WX]TSAB~RTe�@QC7KLRTbaB2]TW�KL@"BcRTe[E`MNBDVGH,KLEG]aO/KLB[e�@"O"E`^_H"Bi�³�c���c���c�c���c���c�A�$!Tx
¸s�"! É�RTCFC7BDC5]TW=H,SLRTO"EGH"J�RiO"MQKF@"]aS7E`H"J¯JZBDRTCFH"S7BDMQI\kNRTeDEGMNBDV`HfKLE`]TOµ� �c���c�c���c���c�A�$!3#
¸s�Æ¾ ?A@"B�@,]TKLC7P¨]TK�C�KLS7BDO"bTKF@"C���@"E`e�@QI¨B[C7K5M"BDC7eDS7E`I�B2KF@"Bc��§ � M�RiKLR,�6���c���c�c���c���c�A�²¾,�
¸s� ¸ Ë�B[CFH"VoKLCAWXSF]aJ¯KL@"B2eD]TE`O"e[E`M"B[O"eDB2RTO"RTVGksCFEGCA]TW�KL@"Bc��§ � M�RiKLR,���c���c���c�c���c���c�A�²¾\v
¸s�Æx É�RTCFC7BDC�]TW�H"SFRTO"E`H,J RTO,M�KF@"]aS7E`H"J�J�B~RTC7H"SFB[M®I\k�BDRTe�@�KLB[e�@"O"E`^_H"B/WX]TSKL@"B � !

RTO"M���v�@"]iKLCFP�]TKFCD���c���c���c�c���c���2�c���c�c���c���c�c���2�c���c���c�c���c���c�A�²¾2�
¸s��# �5BDHfKLSF]TO"C5P,SF]sM"H"eDB[M¬P�BDS�M�R~klI\kNBDRTe�@¬@,]TKLC7P¨]TKD�u�c���c�c���2�c���c���c�c���c���c�A�²¾2�
xf�G� §5naB[SLRTbTB�S7BDCFH,VGKLCAWXS7]aJ �6RT�iBcM"RiK�R�Y"KLC[�>�sK�RiKFE`C�KLE`eDRTV±B[SFS7]aSFC�]aO"VoklRTS7B�baEGnTBDOµ�6�c���c�A�²¾ax
xf� v �fH"J�JuRTS�k/]TW«C7ksC�KLBDJZRiKFE`e2BDS7SF]aS7C�WX]TShKL@"B�W�RT�iBcM"RiK�R�KLS7EURTVGCD���2�c���c���c�c���c���c�A�²¾2#
§��G�¦j�S7E`O"e[E`P"VGBAM"BDeDR~kZJ�]sM"BDC�WX]aS>v2RTO"M �cbaRTJZJZR	M"B[e~R~ksC�E`O\nT]aVGnTBDM�E`O�KL@"EGC�e~RTVGeDH"V`RiKLEG]aOµ����¸Tx

5�G� �£RTJ�BcRTO"MNO_H"J�I�BDSFEGO"b�eD]aO\nTBDO\KLEG]aO¬WX]aS�� � d	C����c���c�c���2�c���c���c�c���c���c�A�²x,�

r,Eon



� � � ��� � 	��

y � � §£O�RTVG]abaH"B	KF]�d	E`baEoK�RTV � ]aO\naB[S7KL]TS

y�� §£eDS�ksV`E`e !�B[CFC7BDV

� y �-y � � ]aJ�P"H,KFBDS�§£H,KF]aJZRiKLB[M�ÉQB~RTC7H"SFB[JZB[O_K£RTO"M � ]aO\KFSF]aV

� � � @�RTSFbTBDM � H,SFSFB[O\K5EGO\KLBDSFRTe[KFE`]aO

��� � � ]aH"O\KFC£j�BDS�t5]aH,S

� � ' � @�RTS7baBTª6j«RTSFEoKpkNRTO"MN?AE`J�B

� y � � d�RiK�R�§5O�RTVGksC7E`C5É�RTC7�l�5H"JI¨B[S

� y�� d�RiKLR�§£eD^_H"EGCFEoKLE`]TOQ�sksC7KLB[J

��y � ��rsKFBDSFO"RTVÌ§£VGP"@�R � ]aH"O\KLB[S

� � ' y ��KF@_ksVGBDO"BDd	EURTJ�E`O"B[?«BgKLSFRaRTeDBgKLEGe�§£eDEGM

� ( ��VURTC�KLE`ec�se~RiK7KLBDS7E`O"b

�	�
� * �=EGSFC�K�ÇpOµª �=E`S7C7K5q	H,K

� ���ly �=EGBDV`MNj�S7]abaSLRiJZJZRTI"VGB �2RiKLB�§5SFSLR~k

� ' � * t�ksM"S7]aH"C�?AEGK�RiO"E`H"J�q5r,EGM"B

� � t�E`ba@ !�]aVoK�RTbTB

� � � * ÇpO\KLB[SFO�RiKFE`]aO"RTVÌ�5EGe��TB[V � ]TJZP�RiO_k

� ' � ÇpOQ?AE`J�B�Ë�RiKLEG]

 � � �;EGba@\K���JZEoKFKLEGO"b�d	EG]fM"B

 �-y �;RTS7baBcÉ¬EorfEGO"b�§£O"baVGB

�� y �ÌEGba@\K �¥RiKFBDS�§£C7CLR~k

rsn



�´y � É�RiCFC�§hKFKLB[O_H�RiKLEG]aO � ]fB �Ze[E`B[O_K

� � ÉQ]aO\KLB � RTSFVG]

� � *
	 É�RTO"b\RiO"BDC7B�q5rfE`M"B

� ( � É¬EG�s@,B[kaBgn�ªµ�fJ�E`S7O"]²n/RiO"M �*]aVoWXBDO"C�KLBDEGO

��� �¦É�R�rfE`J�H,J �ÌE`�iBDV`EG@"]s]fM �=EoKFKFBDS

��� ��BDH,KFSLRTV � H"S7SFB[O_K5E`O\KFBDSLRie[KLEG]aO

����� �5B[H,KLSFRTV � H"S7SFBDO\K£d	B[KFBDe[KF]aS

� � � �5H"e[V`BDRTS�ÇpO"C7KFSFH"J�BDO\K£É¬]sM"H"V`B

* � ��� q5rsksbaBDO���SFBDBct�E`ba@ � ]aO"M,H"e[KFEGnsEGKpk�� � ]aP"P�BDSL�

� , � j�S7]aI�RTI,E`V`EoKpk/d	B[O"CFEoKpk ��H"O"egKLE`]TO
�={ , j�H"VGCFB��f@�RTP�Bcd	E`C7eDSFEGJZEGO�RiKFE`]aO

��� ' j�@"]TKL]TJ�H"VGKFE`P"VGE`B[S�?�H"I¨B

� (�� � j�@,]TKL]aJH"VGKFE`P"VGE`BDS��fH"P,P¨]aS�K£�sKLS7H"e[KFH"SFB

� ' � � j�]aVGk_KLBgKLSFR �=V`H,]aSF]\��KF@"BDO"B

� � y Ë5RTM,E`H"J¯d � q$§5CFCLR~k

� * Ë�B[naB[SFC7B�q	CFJ�]aCFEGC

� ( � � RiV`E`I,SLRiKFBDMN��O"BDS7bTkQË�BDCFP�]aO"C7B

()�+* �fH"M,I"H"S7kQ��BDH,KFSFEGO"]Zq�I,CFBDS�niRiKL]aS�k

()�+* �-y � �f�	q É¬]TO_KFB � RTSFVG]�§5O�RTVokfC7E`CAP"S7]abaSFRTJ

'�� � ?AE`J�B	KL]�d	EGbaEGKLRTV � ]TO_nTBDS�KL]aS

� � � m�VGKLSFR�j�H"SFB��¥R�KLBDS

rfnsE



� � ��� ��� 	 �

� � � � 	 � � � � � � � ��� �

�
	�� ����������������

?A@"BhO"B[H,KLS7E`O"]£��RTC=Y"SFC7K�P¨]aC�KLH"V`RiKLB[MI\k �*]aVoWXb\RTO"b5j=RTH,V`EsE`Ou��#2�aw5KF]	BgrfP"V`RTE`OcKL@"BhB¢rfP¨B[SFE`J�BDO\KLRTV`Vok
]aI"CFB[S7nTBDMe[]aO\KLEGOsH,]aH"CÌBDO,BDSFbik�CFP�BDegKLSFH,J¼]TWfBDV`B[e[KFSF]aO"CÌB[JZEoKFKFBDM�I\k	I�B[KLR�M,BDe~R~k�]iW,O_H"e[V`BDE�� ����� �ÊEGKL@
KL@"B�E`O"e[V`H"C7E`]aOQ]TW���@�R�K	E`C�O"]²�´�_O"]²��O³KL]uI�B�RiO�RTO\KLE �pO"B[H,KLS7E`O"] �¢ª¨KF@"BI�B[KLRZM"B[e~R~k³]iW�RZO_H"e[V`BDH,C
JuR~k/I�B2SFB[P"SFB[CFBDO\KFBDM³I\k

�  "!$#	�&% �  � �'!$# �Ê��� �)( Ã �+*,.- ���a�o���

��@"BDS7B)*,/- EGC�KF@"B¬RTO\KLEo� O"BDHfKLSFEGO"]"ª0( Ã EGCuRTO®BDVGBDegKLSF]TOµª� E`C�KL@"B�RiKL]TJZEGelJuRTC7C�OsH,J�I¨B[Su]TW5KL@"B
OsH,eDV`B[H"C�RiO"M1# E`C2KL@"B�P"S7]TKL]aO�O_H"J�I�BDSc]TWhKF@"BZO_H"e[V`B[H"CD�l?A@"BZE`O"e[V`H"C7E`]aO©]TW�KL@"BZRTO\KLE �pO"B[H,KLS7E`O"]
RTV`VG]���C�KL@"B�Y"O�RTV=C�K�RiKFB�BDO"B[SFbTk¬KL]lI�B�CF@�RiSFBDM©I�B[Kp�>BDB[O(EGK	RTO"M³KF@"B�BDJ�EGK7KLBDM�B[V`B[e[KLS7]aOµª±KF@"B�]aO"Vok
eD]aO"C�KLSFRTE`O\KLC«I¨B[E`O"b�KL@�R�K=KL@,B�CFH,J$]TW�KF@"BDEGS«B[O"BDS7baE`B[C=EGC=BD^_H�RiVsKF]£KL@"B32��¤niRTV`H"B�]TW�KF@"B�S7B~RTegKLE`]TOµªaRTO,M
KL@"B�CFJZRTV`VÌO_H"e[V`B~RiS5S7BDeD]TE`V;BDO"B[SFbTk¬E`C�O"B[baV`B[e[KLB[Mµ��?A@"E`C�BgrfP"V`RTE`O"B[M¬KF@"BB¢r,P�BDS7E`J�BDO\K�RiV`VGk/]aI"CFB[S7nTBDM
BDV`B[e[KFSF]aO¥B[O"BDS7bTk*CFP�BDe[KFSFH"JQ�³ÇpO�RTM,M"EGKFE`]aOµª=j=RTH,V`E+) CcO"BDH,KFSFEGO"]�RTVGV`]²��B[M�RTO"bTH"VURTScJ�]aJZB[O\KLH"J KL]
I¨BNeD]TO"CFB[S7naB[Mµ�ÊÇ K��hRTC�]aI"C7BDS�naBDM�EGO�I¨BgK�R*M,BDe~R~ksCZKF@�RiK�EGW�KL@,B¬P�RiSFBDO\KZO_H"eDVGBDE�e~RTS7SFEGBDC�E`O\KLB[baBDS
�XWXSLRie[KLEG]aO�RTVU��CFP"EGOµªsKF@"B	M�RiH"ba@\KLB[ShO_H"eDVGBDEµRiV`CF]�@�RTChEGO\KLBDbTBDS�� WXSLRTegKLEG]aO�RTVU��C7P"E`O±��?A@"E`C>eD]aH"VGM/O"]TK�I¨B
BgrfP"VURiE`O"B[M*I\k�KL@,BZB[JZEGCFCFEG]aO©]TW�RQC7E`O"baVGB�CFP"EGOf�p@"RTVGW>BDVGBDe[KFSF]aO±�uj«RTH"V`E*)¿C2O"B[H,KLS7E`O"]N�>]aH"V`M�BgrfP"V`RTE`O
KL@"EGC�]TI"CFB[S7niRiKLEG]aO�EoW�EoK�KF]f]���RTC£C7P"E`Of� @�RTVoWÅ��t�E`ba@"B[S�niRTVGH"BDC�]TW=O"BDH,KFSFEGO"]uC7P"E`OQ��B[SFBS7H"V`B[M�]aHfK5I\k
KL@"B�]TI"CFB[S7niRiKLEG]aO³]TW�C7P"E`Os� (DB[SF]uKF]/CFP,E`Of�'(DBDS7]uKLSFRTO"C7EGKLEG]aO"C5E`O�O_H"e[V`BDRTS	I�B[K�RZM"BDeDR²k¬KL@�R�K	]seDeDH,SFSFB[M
RiK�R�CFE`J�E`V`RTS�SFRiKLB	KF]�]TKL@"B[S�RTV`VG]��>BDM*�54 	 w\��KFSLRTO"C7EGKFE`]aO"C[�

?A@,B�M"E`C7eD]²naB[S7k¬]TW�KF@"BO"B[H,KLS7]aO�I\k � @�RTM,��EGe��¬EGO(�%#2�avfª6�¿v/�«V`B[M ��BDS7JZEÌKF]/M"B[nTBDVG]aP�R�KF@"Bg�
]aSFBgKLE`eDRTV=M,BDCFe[SFEGP,KLEG]aO©]TW�:M"B[e~R~k7� �8�¤� �6B[SFJ�E=KLS7B~RiKFBDM©I�B[K�RlM"B[e~R~k�RTC2R/KLSFRTO"C7EGKLEG]aOµª¨M"BDP�BDO"M,BDO\K
H"P¨]TOQKF@"BC�KLSFB[O"bTKF@�]TW=eD]aH"P,V`E`O,bZI�B[Kp�>BDB[O�KL@"B�E`O"EoKLE`RTVµRTO,MQY�O"RTV;C7K�R�KLBDC[ª�KF@�RiK��hRiC5J�BDM"E`RiKLB[M¬I\k
RTO¬EGO\KLBDSFRTe[KFE`]aOl]iW (DB[SF]�SLRTO,baBT����BDS7JZE*)¿ChKF@"BD]aS�klP"S7]�nsEGM"BDM�R�KF@"BD]TSFB[KFE`eDRTVµWXSLRTJ�B[�>]aS7�uWX]aS�j=RiH"V`E*)¿C
P¨]aC�KLH"V`RiKLBi�

9;:=<.>@?A>@?CBEDGFIH/?5J/KEF�LMFON�BPDQHRH�J/S�TUFOKV>@?AW;DXH/?5FIKEYXFIZ
�



���������	��
����
�������������������� 
���"!$#%�	����&('���!$#)� v

ÇpO��%# !3�,ªfRC7JuRTVGV�CFeDRTV`B5SFB~Rie[KL]TS�BgrfP�BDS7E`J�BDO\KhP�BDS�WX]aSFJ�BDM/I\kZË�BDE`O,BDCARTO,M � ]²�hRTOlP,SF]²nsE`M"B[M
P¨]aC7CFEGI"V`B�B[nsE`M"B[O"eDB�WX]TS5KL@,B�O"BDH,KFSFEGO"] � �U�¤�2?A@"Bgk�KF@"BDO�e[]aO"C7KFSFH"egKLB[M(RuV`RTSFbTBDS£C7e~RTVGB�BgrfP�BDS7E`J�BDO\K~ª
��EGKL@�I�B[K7KLB[S�I"RTe��_baSF]aH,O"M¶C7@"E`B[V`M"EGO"b�RiKKL@"B¬�,R~niRTO"O�Ri@¶Ë�EGnTBDS�O_H"e[V`B~RiS�P¨]²�>BDS�P"VURiO_K � !/���(?A@,B
SFB~Rie[KL]TSP"S7]�nsEGM"BDM�R¬CF]aH"S7eDB/]iW�O"BDH,KFSFEGO"]aC�RiO"M(KL@,B/M"B[KFBDegKL]aS�e[]aO"C7E`C7KFBDM�]TWAR¬K�RTO,��]iW�RT^_H"BD]aH,C
e~RTM"J�E`H,J�e�@,V`]aS7E`M"Biª±CFH,SFSF]TH"O"M"B[M*I\k�Kp�>]/K�RiO"�_C�]TW�CFeDEGO\KLE`VGVURiKF]aSD�£�5B[H,KLS7E`O"]aC5��B[SFB�M"BgKLBDegKLB[M�nsEUR
KL@"B�WX]aVGV`]²��E`O"bE`O\naB[SFCFBcI�B[K�R�M"B[e~R~kNSFBDRTe[KFE`]aO

*,/- �®P % (²À �®O
��@"BDS7B *, E`C2KL@,B/RTO\KLE �pO"B[H,KLS7E`O"],ª«P*E`C�RQP"SF]iKL]aOµª ( À E`C�RTO¥P�]aC7EGKLS7]aO*RTO"M¥O¥EGCRQO"BDHfKLSF]TOµ�¬?A@,B
P¨]aC7EGKFSF]aOuRTO"O"EG@"E`V`RiKLB[CDª_P"SF]sM"H"e[E`O"bw,��!f�a�2É¬B !¼b\RiJZJZRTC���@"E`e�@NRTS7B£M"BgKLB[e[KLB[MlE`O/M,BDVUR~kTBDMleD]TE`O"e[Eo�
M"BDO"e[BA��EGKL@�R�O"B[H,KLS7]aO�e~RTP,KFH"SFB�RTP,P"SF]~rfE`JZRiKLB[VGk !�*µC�VUR�KLBDS[�=ÇpON�%# !i¾�KF@"E`C=E`J�P"SF]²naB[M�BgrfP¨B[SFEGJZB[O_K
P"SF]²nsE`M"B[MQKF@"B�Y�SFC�K�eD]aO"e[V`H"C7EGnTBcP,SF]s]TW=]iW«KF@"B2O"BDH,KFSFEGO"] � !/���

ÇpO��%# !T¸fª ��B[ksO"JZRTO¬RTO"M �2B[V`Vo�ÅÉ�RTO"OlP,SF]aP�]aCFB[M�R�KL@,BD]aS�kl]TW=�>B~Ri�lE`O\KLB[SLRTegKLE`]TO"ChKL@�R�K£Rie[KLC
]aO¶VGB[W K�@�RiO"M"BDM¶P�RTS�KLE`e[V`B[C�RTO"M®SFE`bT@_K�@"RTO"M"B[M RTO\KLE �pP�RiS7KLEGeDVGBDCD��?A@,E`C�KL@"B[]aS7k�EGC��_O"]²��O�RTC�KL@"B
!5�p§º� naB[e[KL]TS�J�E`O_H"ChR�rfEURTVU��KL@"B[]aS7ku]TW���BDRT�lE`O\KLB[SLRTegKLEG]aO"CD�=?A@"B2]aI"CFB[S7niRiKFE`]aOlKL@"RiKAKL@"B2O"B[H,KLS7E`O"]
@"BDVGE`eDEoKpk�+���RTC�e[]aO"C7E`C7KFBDO\KQ��EGKL@ R¥����C7K�R�KLB©V`B[M�KF]®KF@"B(RiCFCFH,JZP,KFE`]aOÊKL@"RiKNKL@"B©O"B[H,KLS7E`O"]��hRiC
JuRTC7CFVGBDCFC�RTO,MNKF@"E`CA��RTC�E`O"e[]aSFP�]aSFRiKLB[MQEGO\KL]�KL@"B��sKLRTO"M�RiSFM¬É¬]sM"BDVÌ]TW�j=RTS�KLEGeDV`B	j�@\ksCFEGeDC[�

?A@,B�O,BDH,KFSFE`O,]l@"BDVGE`eDEoKpk¬��RTC2J�B~RTC7H"SFB[M�EGO��%# !Tx/EGO©RTO©BgrfP�BDSFEGJZB[O\K2P¨B[S7WX]aS7JZB[M�I_k �2]aVGMf�
@�RTI�BDS ��	 %�� � ¾/���®?A@,E`C�M"BDJ�]aO"C�KLSFRiKLB[M®KF@�RiK�KL@"BNO"B[H,KLS7E`O"]©B¢r,EGC7KFC�]TO"VGk�EGO®R©VGB[W K�@�RiO"M¶C�K�RiKFBTª
eD]aO"C7E`C�KLBDO\K���EGKL@¥R¬@"B[V`E`e[EGKpk�]iW����a�NÇpO(KF@"E`CcBgrfP�BDS7E`J�BDO\K~ª�baRTJZJZRTC2P"S7]fM"H,eDBDM(I_k�KL@,BuM"B[e~R~k(]iW
��� � �fJ H"O,M"BDS���B[O_K�SFB[CF]aO"RTO\K�C7e~RiK7KLB[SFE`O,bQEGO©R/SFEGO"bl]TW��fJ � q   �?A@"B�CFH,I"CFB[^sH,BDO\K�b\RiJZJZRTC£P,SF]i�
M"H"eDB[M�I_k�KL@"EGC�CFeDRiKFKFBDS7E`O"b£�>BDS7B�SFBDe[]aSFM,BDM�I\k�R	CF]sM"EGH"J-E`]sM"E`M"B>CFe[E`O\KLEGV`VUR�KL]aS�RTO"M�P,@"]TKL]TJ�H"VGKFE`P"VGE`B[S
KLH"I�BT��?A@,B£KLSFRTO"CFJ�E`C7CFEG]aO�]TWµKL@,B£E`O,EGKLE`RTV,baRTJZJZRTC�WXSF]TJ&KL@"B ��� � �fJ M"BDeDR~kZM,BDP�BDO"M"C�]aOZKF@"B£@"B[V`EGeg�
EGKpkcRTO"M�KL@"B>M"E`S7BDe[KFE`]aO�]TW6RTORTP"P"VGE`B[MJZRTbaO"BgKLE`e�Y�B[V`Mµ��
>kcSFBgnaBDS7CFEGO"b	KL@"B>M"E`S7BDegKLE`]TO�]TW,KL@"B�RTP"P"VGE`BDM
JuRTbTO"B[KFE`e�Y"BDV`M±ª±KL@"BP¨]aV`RTSFEGCLRiKFE`]aOQ]TW�KL@,B�O"BDHfKLSFEGO"]leD]TH"V`M�I�B�M"BgKLBDS7JZEGO"BDM³WXS7]aJ3KL@"B�e�@�RiO"baB�E`O
eD]aH"O\K�SLR�KLBT�

�
	-, . �0/ �213/ ��1 4 �51��6 �(798:/ ���&�<;�6� 8�=?>"���@; �

?A@"B��sK�RiO"M�RTS7M�É¬]fM,BDV,]iW±j«RTS7KFE`e[V`Bhj�@\ksCFEGeDC�M"BDC7eDS7E`I�BDC�KL@,B�WXH"O"M�RiJZB[O_KLRTV,P"RTS7KFE`eDVGBDC«]TW�O�RiKLH,SFBARTO,M
KL@"B[E`SAE`O\KFBDSLRie[KLEG]aO"C[��§5V`VµJZRiK7KLBDSAEGC�eD]aJ�P¨]TCFBDMQ]TW�WXH"O"M�RiJZB[O_KLRTVÌCFP,E`Of� @�RTVGW«P�RTS�KLEGeDV`B[CDª,��@,E`e�@QJuR~k
I¨B�C7P"V`EoK2E`O\KL]/Kp�>]¬C7H"If� baSF]aH,P"CDª�O�RTJ�BDVok�^_H�RTS7�_CRTO,M*VGBDP,KF]aO"CD��?A@,B�^_H�RiSF�_CRiO"M©V`BDPfKL]aO"C2@�R~nTB
eD]aS7SFBDC7P¨]TO"M"E`O,b�RTO\KFEo�pP"RTS7KFE`eDVGBDC[� � @"RTSFbaB[C�]iW�KL@,BZ^_H�RTS7�_CRTO,M(V`B[P,KL]TO"CcRTSFB�baEonaBDO*E`O�?=RiI"V`BN�a�o�a�
� H"RTSF�_C�RTO"MNV`B[P,KL]TO"C�RTSFB2baS7]aH"P�BDMNE`O\KF]�KF@"SFB[B2baBDO"B[SLRiKFE`]aO,C�RTeDe[]aSFM"EGO"b�KL]�KL@,BDE`S�JuRTC7CDª"��EoKL@lKL@"B
Y�SFC�K5bTBDO"B[SLRiKFE`]aONI�BDE`O,b�KF@"B2V`EGba@\KLBDC�K�RTO"MQ]aO"Vok/C�K�RTI"VGB�P�RTS�KLE`e[V`B[CD�

ACB FOLM>MWO> BED >M?CBP<.F&N.KPD-F FIW;BE>MDQHRD-G�?5N/> HRDQH�BED3BP<.F Z�>MKEF W BE>MDQHRD-G S DQS FOH�BPJ.SH



����� � � &�� �	� 
���� 
����� � � 
�� ������� � �

j=RiS7KLEGeDVGB � @�RiSFbaB �sksJ�I¨]TV ��BDO"B[SLRiKFE`]aO

� H�RiSF�_C

m5P � �  H �=E`S7C7K
d	]���O �

�
  M �=E`S7C7K

�sKLSFRTO"baB �
�
  C �fBDe[]aO"M

� @"RTSFJ � �  e �fBDe[]aO"M

>]TKFKF]aJ �

�
  I ?A@,E`SFM

?«]aP � �  K ?A@,E`SFM

�;B[P,KL]TO"C

��V`B[e[KLS7]aO � � B �=E`S7C7K
��V`B[e[KLS7]aONO"BDHfKLSFEGO"] w ,.- �=E`S7C7K

É¬H"]aO � � * �fBDe[]aO"M
É¬H"]aOQO"B[H,KLS7E`O"] w ,�� �fBDe[]aO"M

?=RTH � � � ?A@,E`SFM
?=RTHQO"B[H,KLS7E`O"] w ,�� ?A@,E`SFM

?=RiI"V`B��a�o�aÈ�j=RiS7KLEGeDVGBDCA]TW�KL@"B��sKLRTO"M�RiSFM�É¬]fM,BDVÌ]TW=j=RTS�KLEGeDV`B2j�@\ksCFEGeDCD�

� H�RiSF�_C	RTO,M�V`B[P,KL]TO"C5EGO\KLBDSFRTe[K5��EGKF@¬BDRTe�@�]TKL@,BDS�I_kNKF@"BB¢r,e�@"RTO"baB�]iW�E`O\KLB[baBDS�CFP,E`O�P"RTS7KFEo�
eDV`B[Ch�_O"]²��OQRTC 
�]aC7]aO"CD���sH"e�@ 
>]aCF]aO,CARTSFB5KL@"B�� �
	����� %�	�	 � ��	 ��]TW;KF@"B2�sKLRTO"M�RTS7M¬É¬]fM,BDVµRiO"MNRTSFB
SFBDC7P¨]TO"CFEGI"V`B�WX]aS2KL@"B�KL@"S7BDBZWXH,O"M�RTJ�BDO\K�RiV�WX]aS7eDB[C�KL@"RiKB¢rfE`C7KE`O�KL@"B/�sK�RTO,M�RTSFM¥É¬]sM"BDV*��BDV`B[e[KFSF]i�
JuRTbTO"B[KFE`eTª±C7KLS7]aO"b¬RTO"M��>B~RT�6���2SFR~nfEoK�RiKFE`]aO"RTV�WX]TSFeDB�EGC�O"]TK2E`O,eDV`H,M"BDM©E`O³KF@"BZ�sK�RiO"M�RTS7M¥É¬]sM"B[V¤�
��VGBDegKLSF]TJuRTbTO"B[KFE`e>WX]TSFeDB�V`B~RiM"C=KL]�I�]aH"O,M�C�K�RiKFBDC�]TW¨RiKF]aJ�C�RTO"M�J�]aV`B[eDH"VGBDC[�«Ç K�EGC�J�BDM"E`RiKLB[M�I_k�KL@"B
JuRTC7CFVGBDCFC2P"@,]TKL]aO¶���µ��RTO,M*]aO,VGk³B¢rfE`C7KFC2I¨BgKp��B[BDO¥e�@�RiSFbaB[M(P�RTS�KLEGeDV`B[C	]aS2O"B[H,KLSFRTV�P�RTS�KLE`e[V`B[C	��EGKL@
O"]aOf�'(DBDS7]ZJZRTbaO,B[KLEGe�JZ]TJZB[O_KFC�CFH"e�@�RiC�KF@"B�O,BDH,KFSF]aOµ���(BDRT�lE`O\KFBDSLRie[KLEG]aO"C�RTS7Bce�@"RTSFbaBcE`O,M"BDP�BDOf�
M"BDO\K�RTO,M�E`O\na]TVGnaB>KL@"BhB¢rfe�@�RTO"baB�]TW6]aO"Bh]iW�KL@"S7BDB2�XJuRTC7CFEonaB²�Ì��BDRT�cI¨]aC7]aO"C[ª�� À ª�� Ã ]aS�# Á �=?A@,B
��BDRT�WX]aS7eDB�E`O\na]TVGnsE`O"b�� À RTO,M�� Ã Bgrfe�@�RTO,baB5EGC�SFB[CFP�]aO"C7E`I"VGBhWX]aS�I¨BgK�R�M"B[e~R~k�E`O�O_H"e[V`BDE����sKFSF]aO,b
E`O\KLB[SLRTegKLE`]TO"C5]TO"VGkN]seDe[H"S£I�B[Kp�>BDB[O�^sH"RTSF�_C�RTO,M³P"SF]seDB[BDM³I\k¬Bgrfe�@�RTO,baB�]TW�JZRTC7CFV`B[CFC5baV`H"]TO"C����,�g�
?A@"B�C7KFSF]aO"b�WX]aSFe[B	I"E`O,M"Ch^_H�RTS7�sCAEGO\KL]�@�RTM,SF]aO"ChRTO"MlO"B[H,KLS7]aO"C�RTO"MlP,SF]TKF]aO"ChEGO_KF]�RiKF]aJZEGe5O_H"e[V`B[E¤ª
nfE`R�KL@"B2Bgrfe�@�RiO"baBc]TW=J�BDC7]aO"C��¢�

?�]:M"RiKLBiª	KL@"B(�sK�RiO"M�RTS7M4É¬]sM"BDV2]TW�j=RTS�KLE`e[V`B�j�@\kfC7E`e[C�@�RTCQCFH,eDeDB[CFC�WXH"V`Vok M,BDCFe[SFEGI¨B[MÍKL@"B
JuR��7]TSFEGKpkN]iW�BgrfP¨B[SFEGJZB[O_KLRTV�]aI"CFB[S7niRiKFE`]aO"C[����nsE`M"B[O"eDB�]TW�P,@_ksC7E`eDC�I�B[kT]aO"M³KF@"B��sKLRTO"M�RTS7M�É¬]sM"BDV
@�RTC�I�BDBDO�]aI,CFBDS�naB[M:E`O�C7]aVURiS�RTO"M®RiKFJZ]TCFP"@"B[SFEGe/O"BDHfKLSFEGO"]�BgrfP�BDS7E`J�BDO\KLC[�¥?A@"BDC7BN]aI"CFB[S7niRiKFE`]aO"C
��E`V`V�O"]²� I¨B�M"EGCFe[H"CFC7BDMNWXH"S7KF@"BDS[ª"I¨B[baE`O,O"E`O"b���EGKL@NR�M"B[CFe[SFE`PfKLE`]TOl]TW;KL@"Bc�sKLRTO"M�RiSFMQ�f]aV`RTS�É¬]sM"B[V¤�

�
	�� � =� . �0/ �213/ ��1 . � 6 / � 4 �51�6
?A@"B�B[O"BDS7bTkcSLRTM"E`RiKLB[M�I\k2KL@,BA�fH"O�E`C�P"SF]sM"H"e[BDM�I\k�R�CFBDS7E`B[C=]TW"WXH,CFE`]TO�S7B~RTegKLE`]TO"C«]seDe[H"SFS7E`O"b���EGKF@"E`O
EGKLC;e[]aSFBi��É¬]aC�K=]iW,KL@,E`C;BDO"B[SFbTkcEGC�P,SF]sM"H"eDB[M�I\k�KL@"B�P"S7]TKL]aOs�pP"S7]TKL]aOu��P,P6�;e�@"RTE`Oµ�«d	B[KLRTE`VGBDM2J�]fM"B[V`C
]TW�KL@"B��fH"O�@�R~naBI¨B[BDO©M"B[nTBDVG]aP¨B[M©RTO"M�S7B[Y�O"B[M�]²naBDS�JZRTO\kNkaBDRTSFC[��sH"e�@�JZ]sM"B[V`C5RTCFC7H"JZB�KL@�RiK

� � S FI?EDQHR>@?"!3T8DXJ.H/Z$#�J
!$K %&!$H/Z$!QHXBP>('�#�J
!$K %



����� � � &�� �	� 
���� 
����� � � 
�� ������� � �

KL@"B�P"S7BDCFC7H"SFB5baBDO,BDSLR�KLBDMZI\k�WXH"CFEG]aO���EGKL@,E`O�KL@"B5�fH,OuBgr,RTegKLVok�I�RTV`RTO"eDB[C�EGKLC�baSFR~nfEoK�RiKFE`]aO"RTVsWX]TSFeDB�KL]
P"SFBgnaBDO\KceD]TV`VURiP"CFBi��?A@"B[k©RiV`CF]/RTCFC7H"JZB�KF@�RiK	KF@"B�BDO,BDSFbik³SFB[V`BDRTCFB[M�I_k�KL@"B�O_H"e[V`BDRTS	P"S7]fe[BDCFC7BDCcE`C
KL@"B5M"]aJ�E`O�RTO\K>CF]aH,SFeDB£]TW;BDO"B[SFbTkZP"S7]fM"H,eDBDM±��m5O"M"B[S�KL@,BDCFB	RTCFC7H"JZPfKLE`]TO"CDªfM"B[KLRTE`VGBDMuJ�]sM"BDVGC>@�R~nTB
I¨B[BDO�M"B[nTBDVG]aP¨B[M�KF@�RiK�S7BDP"S7]fM,H"eDBAJZRTO\kWXBDRiKLH"S7BDC�]TW6KF@"B��fH"Oµ��q�O,BACFH"e�@u�sK�RiO"M�RTS7Mu�s]aVURTS�É¬]sM"BDV
�hRTC�M"B[nsE`C7BDMNI\k �T]a@,O 
hRT@"eDRTV`V �¿¸.�µRTO,MlEGKh@"RTChCFH,eDeDB[CFC�WXH"V`Vok/P"S7BDM"EGe[KLB[MNR�O_H"J�I�BDSh]TW;P,SF]aP�BDS�KLE`B[CD�

?A@,BQ�sK�RTO,M�RTSFM®�s]aVURTSÉ¬]sM"BDV�@�RTC�I�BDB[O®H,CFBDM�KF]³P"SFB[M"E`egK�KL@,B/CFP�BDB[M®��EoKL@(��@"EGe�@�CF]aH,O"M
KLSLR~nTBDV`C2EGO³KL@"B��fH,Oµ��?A@"B�CFP�BDB[M(]TW�CF]TH"O"M�E`C�M"B[P¨B[O"M"BDO\K�H"P�]aO�KL@"B�KLB[JZP�BDSFRiKLH,SFB�RTO"M©@"B[V`EGH"J
RTI"H"O"M"RTO"eDBlEGO¥KL@"BQ�sH"Oµ��§9P"SFB[M"E`egKLE`]TO¥]TW�EGKFC�CFP�BDB[M¶JZR~k(I�BlJuRiM"B/I\k¥eDRTV`e[H"VURiKFE`O"bQKL@"B/WXS7Bg�
^sH,BDO"egkZ]iWµKL@"B�CFH,S7W�RTe[B�nsE`I,SLRiKFE`]aO�RiV"JZ]sM"B[C>]TW¨KL@"B£�fH"OuH"CFEGO"bcKF@"B£�sK�RTO,M�RTSFM/�f]aV`RTS�É¬]sM"BDV���?A@"E`C
P"SFB[M"E`egKLE`]TO³e~RTO�I�B�e[]aJZP"RTSFB[M���EGKF@�@"BDVGE`]aC7BDE`C7JZ]TV`]abaEGe~RTV¨]aI"C7BDS7niRiKFE`]aO,C£��@"E`e�@�J�B~RiCFH"S7BKL@"B�WXS7Bg�
^sH,BDO"egk�C7P¨B[e[KLS7H"J�]TW�P"S7BDCFC7H"SFB]aCFe[E`V`V`RiKLEG]aO"Ch]TO¬KL@,B��fH"O )¿C5CFH"S�W�RTeDBi�"��]f]sM¬RTbaSFB[BDJ�BDO\K5I¨BgKp��B[BDO
KL@"Bl]aI,CFBDS�naB[M:RTO,M�P"SFB[M"E`egKLBDM�niRTVGH"BDC�]iW5P"RTSLRTJ�B[KFBDS7C�CFH"e�@®RTC�e[]aSFB/KFBDJ�P¨B[SLRiKFH"SFBiª�SLRTM"EGH"C�RTO,M
V`H"J�E`O"]TCFEGKpk©@"RTC�I¨B[BDO�WX]aH"O"M � x8���(?A@"EGC�CFH"bTbaBDC�KLC�KL@�R�K�KL@"BQ�_K�RTO"M"RTSFM¶�f]aV`RTS�ÉQ]fM"B[VheD]TSFSFB[e[KFVGk
JZ]sM"BDVGC�KL@,BcMfkfO"RTJZEGe�I¨B[@�R~nsE`]aH"S�]TW�KL@,B�sH"Oµ�

q£W>P�RTS�KLE`e[H"VURiS�E`O\KLB[SFBDC�K2KL]NKL@"EGC	KL@"B[CFE`C2EGC2KF@�RiK2KL@,Bu�_K�RTO"M"RTSFM(�f]aV`RTS2É¬]sM"BDV�eDRTO*I�B�H"CFB[M
KL]�P,SFBDM,E`e[K�KL@"BZO_H"J�I�BDS]iW�O"BDH,KFSFEGO"]aCP,SF]sM"H"eDB[M¥I\k*KF@"Bl�sH"Oµ��§5CVGH"JZEGO"]aC7EGKpk�EGC�M"BgKLB[SFJ�E`O"B[M
I_k�KL@,B	BDO"B[SFbTkuSFB[V`B~RiCFBDMlI\kuOsH,eDV`BDRTShP"S7]fe[BDC7CFBDCAEGOuKL@,B2�fH"Oµª,EGK>P"SF]²nsE`M"B[C�RC7KFSF]aO,b�eD]aO"C�KLSFRTE`O\Kh]TO
KL@"B5OsH,J�I¨B[S�]TW;O,BDH,KFSFE`O,]aC>P,SF]sM"H"eDB[Mµ���5B[H,KLS7E`O"]aC�RTSFB5P"SF]sM"H"e[BDM/EGO/RTI,H"O"M�RTO,eDB	I\kuRO_H"J�I�BDS�]iW
SFB~Rie[KLEG]aO"C�EGO�KL@"B��sH"Oµ��?A@"B[CFB�RTS7BACF@"]²��O�E`O �=EGbaH"S7B	�a�o�a�=?A@"BAO,BDH,KFSFE`O,]cB[O"BDS7bTk�C7P¨B[e[KFSLR	WX]aS�BDRTe�@
P"SF]seDB[CFC	EGO¬KL@,BP"P³e�@"RTE`O�RTSFBc��B[V`V�H"O"M"B[SFC7KF]f]sM�RTO,M³e~RTO�I¨BcBgrfP"V`RTE`O"B[M³H"C7E`O"bZBgrfE`C�KLE`O,buO_H"eDVGB~RTS
P"@\kfC7E`e[CD��?A@"B��_K�RTO"M"RTSFM��s]aVURTS=É¬]sM"BDVfJuR~kcI�BhH"CFB[M�KL]	P,SFBDM,E`e[K«KL@"B�SFBDV`RiKLEonaB>eD]aO\KLS7E`I"HfKLE`]TO"C�WXS7]aJ
B~RTe�@³I,SLRTO"e�@�]TW�KL@,Be�@�RTEGO¬KF]ZKL@,B�KL]iK�RTVÌ��Hfr¬]TW�CF]aV`RTS�O"BDH,KFSFEGO"]aCD��?A@"BI"SLRTO,e�@"BDC�RiSFBcCF@"]²��O�E`O
�=E`baH,SFB��a�Ævf�

?A@,B�KF]TK�RiV"CF]aV`RTS�O"B[H,KLS7E`O"]2C7P¨B[e[KLS7H"J E`C�M,]aJZEGO�RiKFBDM�I\k�O"B[H,KLS7E`O"]aC�P"S7]fM,H"eDB[MZI\k�KF@"B�E`O"EoKLEURiV
P"PÊSFB~Rie[KLEG]aOµ�´d	BDC7P"EGKFB³KL@"B¬��Hfr���I�BDEGO"b�J�H"e�@ÊV`B[CFC/KF@�RTO KL@"RiKN]TW2KL@"B�P,P�SFB~Rie[KLEG]aOµª�KL@"B�¡ 

P"SF]seDB[CFC5��C7@"]²��OuE`O �«E`baH"S7B	�a�o���=P"S7BDCFB[O\KLBDM�KL@"B�I�BDC�K�P¨]aC7CFEGI"E`VGEGKpkc]TW¨M"B[KFBDe[KFE`]aO�WX]aS�BDRTSFVok�O"B[H,KLS7E`O"]
BgrfP¨B[SFEGJZB[O_KFCD� ?A@"E`CZE`C�P�RTS7KFEURTVGVGk�]i°±C7B[KlRiCZKL@,B³eDS7]aCFCZCFBDegKLEG]aO"C/]TW	O"BDH,KFSFEGO"]¥E`O\KFBDSLRie[KLEG]aO"CZRTSFB
P"SF]aP�]aS�KLE`]TO�RTVfKF] � � ªsRiK�VG]��¶BDO,BDSFbTE`BDC[ª_JuRT�_EGO"b2@"E`ba@,BDS�BDO,BDSFbik�CF]aV`RTS�O"B[H,KLS7E`O"]aC�BDRTCFEGBDS�KL]2M"BgKLB[e[K~�

?A@,B>e[H"SFS7BDO\K=KF@"BD]aS7B[KFE`e~RiV\BDC7KFE`JZRiKLB�]iW,KL@,B>C7]aVURTSÌO,BDH,KFSFE`O,]���Hsr,B[C=EGCµWXSF]aJÍKF@"B�vTwaw3� 
hRT@,e~RTVGVo�
j�EGO"CF]TO"O"B~RiH"VGK�J�]fM"B[V�� �~w/��� ��SF]aJºKL@"EGC5J�]fM,BDV¤ªfKL@"BcP"SFB[M"E`egKLB[M¬KL]iK�RTVµ��HsrQ]TW�¡ 
�CF]aV`RTSAO"B[H,KLS7E`O"]aC
������¡����F��E`C

��� ¡ ��� 	 !s½ ¸3# ���Å��� w,½ v1�\� �¥�²w � eDJ Ã � C Ã � ½ ���a�Æva�

?A@"B£^_H"]TKFBDM/H,O"eDB[S7K�RiE`O\Kpk�E`C�M"]aJ�E`O�R�KLBDM�I\k�H"O"eDB[S7KLRTE`O\Kpk�]aOZKF@"B	RiI"H"O"M�RiO"eDB5]TWµ@"BDR~nskZBDVGBDJ�BDO\KLC
]aOlKL@"B2CFH,S7W�RTe[B�]TW�KL@,B�sH"O�RiO"M¬H,O"eDB[S7K�RiE`O\KpklE`OlKF@"B2eDSF]TCFC�CFB[e[KLEG]aOQ]TW«KF@"B�WX]aV`VG]²��E`O"b�P,SF]seDBDC7C

  t5B �  t5B % Ä 
�B � ��½
�
	 J����H J.S0T8FIKVD-G N
!$KEBE>@W;LMFI?=NUFOKV? #�J
!$KPF&W;S NUFOK6?5F W;DQH8Z



����� � � &�� �	� 
���� 
����� � � 
�� ������� � !

������� ���	��
���������������

�������! �" " " " " " " " " " " "

�#�%$&�'������)(��	�*
+�,�����-�

.&�0/� 111111111111
2

�3���4�5
768�:9;�=<

111111111111111111>�?@ 
2

6A�B9;�C68�:9:
D��B9E��F��

" " " " " " " " " " " " " " " " " "
FHGJI . (&K  
2

6A�B9;�	��
7DA�B9;�����*�����

�3L%$M�'�2
I ?! 

68�B9;�CD8�:9:
ONQPR9E�C<

SSSSSSSSS�����T>@U� 
2

N�P;9;���)(5
N8VXWM���-��QY[Z]\&�

2
N8VXWM�	�5
F^D[�B9

_ _ _ _ _ _ _ _ _ .�� I�`  
2

N�PR9;�	��
7aAP=�C<

2
a8P�
a8PR9�b%���c�H���-� �Qd[Z��

2
aAP;9�bE
OF^D8�B9

�=E`baH,SFB��a�o�aÈ��5B[H,KLS7E`O"]�P"S7]fM,H"eDEGO"b�SFB~Rie[KLEG]aO"CAEGONKF@"B��fH"O � #/�¤�



����� ��� ��� 
� ������� � ! � �:��������� ! � ���(�0� ¾

�=E`baH,SFB��a�ÆvfÈA�f]TVURTS�O"B[H,KLS7E`O"]ZBDO"B[SFbTkQCFP�BDegKLSFRZWX]aS�B~RTe�@³I,SLRTO"e�@�]TW�KL@,B�P"P�e�@�RTE`O±�A?A@"B�RTP,P"SF]~rfEo�
JuRiKFB	KL@"S7BDC7@"]aV`M,C�]iW=e[H"SFS7BDO\K£C7]aVURiShO"BDHfKLSFEGO"]�BgrfP�BDSFEGJZB[O\KLC5RTSFB�C7@"]²��O¬WX]aSAe[]aJZP"RTSFEGCF]aOµ�

?A@"BDC7B�KF@"BD]aS7B[KFE`e~RiV�SFBDC7H"VGKFC�JuR~k�I�B�eD]aJ�P�RTS7BDM���EGKL@�S7BDCFH,VGKLC�]aI"C7BDS�naBDMZE`O�niRTSFEG]aH"C�CF]TVURTS�O"B[H,KLS7E`O"]
BgrfP¨B[SFEGJZB[O_KFCA��@"E`e�@¬RTSFB2O"]²�ÍM"BDC7eDSFEGI¨B[Mµ�

�
	�� . � 6@/ ���������� � ��� �
	�� �� �� �� ���
��������� %¥! �Å�>
6���	�

?A@"B�Y�SFC�K�CF]aV`RTS±O"B[H,KLS7E`O"]�M"BgKLB[e[KL]TSµ�hRTC;I"H,E`VGK±I\k2Ë5R~k	d�R²nsEGCÌRTO"M2eD]TV`VURiI¨]aSFRiKL]TSFC6WXSF]aJ 
�SF]s]a�_@�R~naB[O
�£RiKFE`]aO�RiV	�;RTI�]aSLRiKF]aS7kTª��5Bg����]aS7��ª6m£�f§-E`O©�%#a¾a¸"� �a�Q�¤���Ì]feDRiKLB[M�RiP"P"SF]~rfE`JZRiKFBDVGk �\xawTw�WXB[B[K�H"Of�
M"BDS7baSF]aH,O"M¥E`O*KL@"But5]aJ�BDC�K�RT�iB/ba]aVGM(J�E`O"B�E`O¥�f]aH,KF@�d�RT�T]TKLR,ª«KF@"B/M"BgKLB[e[KL]TSeD]TO"CFEGC7KLB[M�]TW�¾,�$!
KL]aO"O,BDC�]TW>P¨B[SFe�@"VG]aSF]sB[KF@\kfVGBDO"B � � � V  ²ªÌ@"B[V`M�E`O©RuKLRTO"��RTO"M©CFH"S7SF]aH,O"M"BDM�I\k³��RiKLB[SD���f]TVURTS5O"BDHf�
KLSFEGO"]aC�E`O\KLB[SLRTegKLB[M/��EGKL@ue�@"V`]aS7E`O"B���  Ä � VU�gªfP"SF]sM"H"e[E`O"bRSLRTM,E`]\RTegKLEonaB£EGCF]TKF]aP�B5]TW�RiSFba]aO���  Ä §£SL��nsEUR
KL@"B�WX]aVGV`]²��E`O"bE`O\KLB[SLRTegKLE`]TO

,/- �   Ä � V %   ÄL§5S �)( Ã ½
?A@"B¬O_H"JI¨B[S�]iW   Ä §£S�RiKF]aJ�C�P"SF]sM"H"e[BDM¶��RTC�M"E`S7BDegKLVGk¥P"SF]aP�]aS�KLE`]TO�RTV>KF]�KF@"BNE`O\KLB[baSLR�KLBDM®CF]TVURTS
O"BDH,KFSFEGO"]Q�"Hfr*RTI�]�nTBZKF@"E`C�KL@,SFBDC7@"]aVGM(JZRT�_E`O"bNEGK2C7BDO"C7EGKFEGnaB�KL]QO"BDHfKLSFEGO"]aCcP"SF]sM"H"e[BDM*I_k�C7B[naB[SLRTV
M"EG°¨BDS7BDO\KI,SLRTO"e�@,BDC�]TW�KL@"BZP"P¥e�@�RTEGOµ�l?A@"BZM"]aJ�E`O�RTO\KceD]TO_KFSFEGI"H,KLEG]aO*KF]   Ä §5SP"S7]fM,H"e[KFE`]aO©�hRiC
WXSF]aJ ¡ 
ÊO,BDH,KFSFE`O,]aCD�

§5P"P"S7]²rfEGJuRiKFBDVok!a¹�]TW�KF@"B�KLRTO"�lna]aVGH"J�Bc��RTC£JZRTM"BcH"P³]iW�@"BDVGE`H"J ��t5B~��b\RTC���@"EGe�@��hRiC



����� ��� ��� 
� ������� � ! � �:��������� ! � ���(�0� ¸

H"CFB[MuKL]c��H"CF@u]aH,Kh  Ä §£ShR�K�KF@"B£B[O"M/]TWÌR�SFH,Oµ��§hK>KF@"B£B[O"M/]TWµB~RTe�@uKp�>]�J�]aO\KL@ZSFH"Oµªs@"B[V`E`H,J&�hRiC
I"H"I"I"VGBDMlKL@,SF]aH"bT@NKF@"B	K�RiO"�ZKF]�S7BDJ�]²naBcRTO\k   Ä §5SAP"SF]sM"H"e[BDM¬RTO"MNeD]aVGV`B[e[KhEoKAE`ONR�e�@�RiSFeD]aRTV±KLSFRTPµ�
q�O,eDB�KL@,B�BDO\KLEGSFBKLRTO"��@"RTM©I¨B[BDO©P"SF]seDB[CFC7BDMµªÌKL@,B�  Ä §£S£��RTC�SFB[JZ]²nTBDM©WXSF]aJ3KL@"B�KFSLRTP±ªµP"H"S7EGY�B[M
H"CFEGO"b�b\RTCNe�@"SF]TJuRiKF]abaSFRTP"@\kaª	J�EorfB[MÊ��EoKL@ÊJ�B[KL@"RTO"B�RTO"M�eD]aH,O_KFBDM E`O�R�CFJZRTV`V	P,SF]aP�]aS7KFE`]aO"RTV
eD]aH"O\KFBDS�WX]aS�RckaBDRTSD��§�W KLB[S>R2kaBDRTSDªsM"BDeDR~kZC7P¨B[e[KFSLRc�>BDS7B5Y"K7KLB[MZKL]2KL@,B5e[]aH"O\KLEGO"bl�XSLRiKFB²��M�RiKLR�RTO,M
KL@"B2O_H"J�I�BDS�]TW   Ä §£SAeDRTV`e[H"VURiKFBDMµ�

Ë�BDC7H"VGKFCcWXS7]aJ KF@"But�]aJ�BDC7KLRT�TB�BgrfP�BDS7E`J�BDO\K2��B[SFB/RiO"O"]aH"O,eDBDM(E`O��%#a¾axQRTO"M©KL@,BZO_H"J�I�BDS
]TWh]aI,CFBDS�naB[M   Ä §£ScM"BDeDR~kfC��hRTCcCFEGbaO"EoY�e~RTO\KFVGk�VG]��>BDS2KL@"RTO*KF@�RiKcP"SFB[M"E`egKLB[M¥H"CFEGO"bNKL@"Bu�sK�RiO"M�RTS7M
�f]aVURiS�É¬]fM,BDV¤�A?A@,BBgrfP�BDS7E`J�BDO\K£e[]aO\KLEGOsH,BDM¬WX]TS£RTP,P"SF]~rfE`JZRiKLB[VGk �aw�kTB~RTS7C	RTO"MQKL@"BcY�O�RTV;S7BDCFH,VGKLC
WX]aH"O"M©KL@�R�KcKF@"B�JZBDRTCFH"S7BDM���Hfr�]TW>BDVGBDe[KFSF]aO*O"BDHfKLSFEGO"]aC�WXSF]TJ KL@"Bu�fH"O©��RTC�w,½ �3� � w,½Æw3�lKFE`J�BDC
KL@"B2BgrfP�BDegKLBDM¬CF]aV`RTSAO"B[H,KLS7E`O"]���Hfr � ��v.�¤�

§5C�KF@"BZM,EG°¨BDSFB[O"eDB��hRiC�CF]¬VURTS7baBTª�JuRiO_k©e�@,BDe��_C���B[SFB/JZRTM"B�]aO�KL@"B�SLRTM,E`]se�@"BDJ�E`C�KLS7k³E`Of�
na]aVonaBDM±��q£W"P�RiS7KLEGeDH"V`RTSµEGJZP�]aS7KLRTO"e[B=�hRiC�KF@"B>O,BDBDMcKL]�M"BgKLBDS7JZEGO"B���@"B[KF@"BDS«]aSÌO"]TK;KF@"B�t5]aJ�BDC�K�RT�iB
BgrfP¨B[SFEGJZB[O_K£RTe[eDH"SFRiKLB[VGkNJ�B~RTC7H"SFB[M�KL@"B�RTJ�]aH"O\K�]TW�  Ä §5S5P"S7]fM,H"eDB[Mµ�A§£S7ba]aO³R�KL]aJ�C�eD]aH"VGM�@�R~nTB
I¨B[eD]aJ�B�KLSLRiP"P¨B[M�EGOQKF@"B2P�RTSFB[O\K£J�]aV`B[eDH"VGBDC�]TW � � � V  ²�>?«]�M"B[KFBDS7JZEGO"B�KL@"BcM"B[KFBDegKLE`]TO�B ��e[E`BDO,e[kaª
  � � VA�hRTCZRTM"M,BDM�KL]©KL@"BNM"BgKLBDegKL]aS[�   � � VAI�B[KLR�M,BDe~R~ksCZKF]   � §£SD�¶d	H"S7E`O"b³KF@"BlKLBDC�K~ª   � §£S��hRiC
BgrsKLSFRTe[KFBDMNH"CFEGO"bKF@"B�CLRTJ�B£J�B[KF@"]sM"CARTC�KF@"]aC7B�H"CFB[M¬R�K�KL@,B	BDO"MN]TW;BDRTe�@NSFH"O±��?A@"E`C�KFBDC�K�P"SF]²naB[M
KL@�RiK�§5S���RTC�O"]TK�KLSFRTP"P�BDM®E`O�KL@,B¬P�RiSFBDO\KZJZ]TV`BDe[H"V`B/RTO"M®eD]aO,Y"SFJ�BDM R�baB[O_H"E`O"BQM"EGCFeDS7BDP�RiO"e[k
I¨BgKp��B[BDO¬KF@"BD]TS7kQRTO"MNB¢r,P�BDS7E`J�BDO\K~�

��������� � �= "�;
 �%(�;
��«�	���«<

?A@"B �cRiJZEG]a��RTO"M"B��*�2RTJ�E`]a��R��H"eDVGBD]aOQd	B[e~R~kN�=rfP¨B[SFE`J�BDO\K���M"B[KFBDe[KF]aSh��RTC�eD]aO"C�KLS7H"e[KFBDM�EGO/KL@"B
B~RTS7VGk��%#TxawTC�KL]uC7B~RTS7e�@�WX]aS�O_H"eDVGBD]aO�M"BDeDR²k � �%�8���A§5W KFBDS5RTO�H"P,baSLRTM,B�EGO(�%#ax2!fª"KL@"BcM"BgKLBDegKL]aS��hRiC
H"CFB[M*KL]NM"BgKLB[e[K�V`]²�&B[O"BDS7bTk�O"B[H,KLS7E`O"]QB[nTBDO\KLC[�u?A@"B�M"BgKLB[e[KL]TS�e[]aO"CFEGC7KFBDM�]TWhRNe[ksVGE`O"M"S7E`eDRTV«KLRTO"�
eD]aO\K�RiE`O"EGO"b/vs���\w�KL]aO"O,BDC	]TW�P"H"SFBt � q����5B[H,KLS7E`O"]TC£E`O\KFBDSLRie[KLB[M³E`ONKL@,B���RiKLB[S5nsEUR�KL@"BcWX]aV`VG]���EGO"b
SFB~Rie[KLEG]aO

,�� �)( Ã % ,�� �7( Ã
��@"BDS7B,��E`C	RiO_kQ�6R~na]TH"S	]TW�O"B[H,KLS7E`O"],�£?A@"B�B[V`BDegKLS7]aO"C	P"S7]fM,H"eDB[M�I_kQKL@,E`C£B[VURTC�KLEGe�C7e~RiK7KLBDS7E`O"buSFBg�
RTe[KFE`]aO*SLRTM"E`RiKLB �� BDS7BDO"�i]²n�V`EGba@\KcKF@�RiK��hRTCM"B[KFBDe[KFBDM�I\k:�~wawaw³viw�E`O"e�@(P"@"]TKF]aJ�H"VoKLE`P,V`E`B[S£KLH,I¨B[C
CFH"S7SF]aH"O,M"E`O"b�KF@"BNM"B[KFBDe[KF]aSD�®?A@"BNBgrfP�BDS7E`J�BDO\K��hRTC�CFB[O"CFEoKLEonaBlKL]�RTVGV�KL@"S7BDBQRTegKLEGnTBl�6R~na]aH"S7CZ]iW
O"BDH,KFSFEGO"]"ªµI"HfK��hRTCcRTP,P"SF]~rfE`JZRiKLB[VGk¬¾uKLEGJZB[C	J�]aSFB�C7BDO"C7EGKFEGnaB�KF]lBDVGBDe[KFSF]aO�KpksP�B�O,BDH,KFSFE`O,]aCD��
�Bg�
e~RTH"C7B/]TWAEoKLC2KL@"S7BDC7@"]aV`M±ª«KL@,B��2RTJ�E`]a��RTO"M,B�B¢rfP¨B[SFE`J�BDO\KeD]aH"VGM(]aO,VGk�M"B[KFBDegK ¡ 
$O,BDH,KFSFE`O,]aC�RTO,M
RTP"P"S7]²rfEGJuRiKFBDVok !Twa¹º]TW�KL@"B2P"S7BDM"EGe[KFBDM�O,BDH,KFSFE`O,]��"Hfrl��RTC5C7BDB[Oµ�

ÇpOÍ�%#2#,�aªhR(VURTS7baBDS�RTO,M E`J�P"SF]²nTBDM:nTBDSFC7E`]aO:]TW	KL@,B �2RTJZEG]a��RTO"M"BNB¢r,P�BDS7E`J�BDO\Ku��RTCZeD]aOf�
C7KLS7H"e[KFBDMµ��?A@"B�fH"P�BDSÅ� �2RTJ�E`]a��RTO,M"B£B¢r,P�BDS7E`J�BDO\K��¤�sH"P¨B[S�� ����I�BDbaRTOlK�RT�_E`O,b�M"RiK�R�E`O���#2#a¾,��?A@,B
�fH"P�BDS�� � M"B[KFBDegKL]aS	EGC£R�e[ksV`EGO"M"S7E`e~RiVµK�RTO"�6ª��"�a� �uJ�K�RiV`V¤ª0�3#,����J3E`O�M,EURTJ�B[KFBDS�RTO"M³@,]aV`M"C !Tw,ª¿wawaw
KL]aO"Cl]iWH"VoKLSFR¥P"H"SFB���RiKLB[SD� ?A@"B�KLRTO"� EGClCFH"S7SF]aH"O,M"BDM�I\k-�a�aªo���\¾�vTw�E`O,e�@�P,@"]TKL]TJ�H"VGKFE`P"VGE`B[S



����� ��� ��� 
� ������� � ! � �:��������� ! � ���(�0� x

KLH"I�BDC[��?A@,BZJ�B~RTC7H"SFB[M��"Hfr�WXSF]TJ ��v2!ixNM"R²ksCc]TW>M�RiK�R/��RTCcw,½ � !f� ��w,½ÆwTw !"��C�K�RiKL� À"ÁFÂ Á ���Ã ÁFÂ Á �� �XC7ksC7K¢��]iWKL@"BcBgrfP�BDe[KFBDM©O"B[H,KLS7E`O"]���Hfr � �%�8��� �ÌEG�TB2KL@"Bt5]aJ�BDC�K�RT�iBBgrfP�BDS7E`J�BDO\K~ª6KL@"EGCA�hRTC£V`BDC7C�KF@�RTOQKL@�RiK
P"SFB[M"E`egKLBDMQI\k/KL@,B�_K�RTO"M"RTSFM��f]aV`RTS�É¬]sM"BDV��

��������� � ��� �7��� �

�6]TV`V`]²��EGO"b�KF@"B2t5]aJ�BDC�K�RT�iB�BgrfP�BDSFEGJZB[O\K~ª"Kp�>]�SFRTM"EG]fe�@"B[JZEGe~RTV�BgrfP�BDS7E`J�BDO\KLC�H"C7E`O"b�b\RiV`V`EGH"J��+�2R\�
��B[SFBcM"B[nsE`C7BDMNKL]�M"B[KFBDegK5O,BDH,KFSFE`O,]aCAnfE`R

,/- �®Ä � �cR % Ä � �2B �7( Ã

��@"E`e�@Ê@�RTCQR(KF@"SFB[CF@"]aVGM ]iWwf� v3�3��É¬B !�A?A@"E`C/KF@"SFB[CF@"]aVGM�niRTVGH"B�RTVGV`]²��C/P"PÊO"B[H,KLS7E`O"]TC/KL]�I¨B
M"B[KFBDe[KFBDMµ� §5ClKL@"B©@�RTVoWcV`EGWXB¬]TW Ä � �2B�EGCNRTSF]TH"O"M-�a�a� ��M�R~ksCDª£KF@"B©BgrfP¨B[SFEGJZB[O_KNe[]aH"VGM�I�B�SFH,O
WX]aS�CFBgnaBDSFRTV���B[BD�_CI�B[WX]aS7B�RiKFKFBDJ�P,KLEGO"blKL]NBgrsKLSFRTe[KcKL@,B ��BT��?h�>] �2RQB¢rfP¨B[SFE`J�BDO\KFCc@"R²nTBZI�BDB[O
e~RTS7SFE`B[M�]aH,KDª=�s§ �c�&�¤�f]²nsE`BgK7�p§5JZB[SFEGe~RTO��2RTV`VGE`H"J3�=rfP�BDSFEGJZB[O\K¢� � ���U��RTO,M ��§"� �;��� �+�2RTV`VGE`H"J
��rfP�BDS7E`J�BDO\K¢�¢� �;RiKFBDSDª	�c�£q9�+�2RTV`VGE`H"J �5B[H,KLS7E`O"]Nq	I"C7BDS�nTR�KL]aS�k"� � �%!/�¤ª6��RTC	M"B[CFE`bTO"BDM©RTO,M³I"H"EGVGK
RTC�RTONH"P"baSFRTM"B�KL]���§"� �;����

?A@,Bu�s§ �c��BgrfP¨B[SFEGJZB[O_K	eD]aO"C7E`C�KLBDM�]TW>x/?�B[��]aO©VGE`O"B[M³K�RTO"�_C[ªÌB~RTe�@�eD]aO\KLRTE`O"EGO"bN¸ZKF]aO"O"B[C
]TW���P,H"SFB~��V`EG^_H"E`M �cRZRiK�R�KLB[JZP�BDSFRiKLH"S7B]TW �Tw�� � ��?A@"B�BgrfP�BDS7E`J�BDO\K£��RTC£VG]feDRiKLB[M�H"O,M"BDS7baSF]aH,O"M
RiK>RTOZB[^_H"EGniRTVGBDO\K�M"BDP,KF@u]TW��"�Æva¸��sJ ]iW¨��RiKLB[SD��§hK�KL@,B5B[O"Mu]TW¨B~Rie�@/SFH"O±ª_��@,E`e�@ZKpksP"EGe~RTVGVGk�VURTC�KLB[M
]aO"B2JZ]TO_KF@µª6V`EG^sH,E`M �2R�WXS7]aJ KL@,B�M"BgKLB[e[KL]TS���RTC5KFSFBDRiKLB[M¬��EGKF@QniRTS7E`]aH,CACF]aVonaBDO\KFC5KL]�SFB[JZ]²nTB ��BT�
�6]TV`V`]²��EGO"b�eD]aO"e[BDO\KLSFRiKLEG]aO�RTO"M�C�ksO_KF@"BDC7E`C�KL]£P"SF]sM"H"e[Bhb\RTC7BD]aH"C�bTBDSFJZRTO"B	�+��B~t  g�gªaKF@"BARTJ�]aH"O\K�]iW
�2B£��RTCAEGO,WXBDS7SFBDMNI\k/e[]aH"O\KLEGO"b�KL@,B�SLRiKFB	]TW�I¨BgK�R�M"B[e~R~ksC�]iW Ä � ��B£KF] Ä � �cR�H"C7E`O"b�R�P,SF]aP�]aS7KFE`]aO"RTV
e�@�RTJ�I�BDS[�

?A@,B ��§"� �;���ÊM"B[KFBDegKL]aS�H"CFB[MuR�C7E`O"baVGB�¸Tw�J   KLRTO"��eD]aO\K�RiE`O"EGO"b2RTOZRT^_H"BD]aH,C�C7]aV`HfKLE`]TO�]TWµx
JZ]aV �U4±b\RiV`V`EGH"J&e�@,V`]aS7E`M"B�+�2R � V   �>RTO,Mu@\ksM"SF]se�@"V`]TSFE`e£RTeDEGM���t � V �¢��?A@"B	M,B[KLB[e[KF]aS>��RTChVG]feDRiKLB[MuE`O
KL@"B ��SLRTO,Mu�fRTCFC7] �;RTI�]aSLR�KL]aS�kl�XÇ K�RTVok"�;��EGKL@�R�SF]se��]²nTBDSFI,H"SFM"B[O/BD^_H"EoniRTV`B[O_K�KF] �,� �2�_J ]iW���RiKFBDSD�
?A@"B ��BP"S7]fM"H,eDBDM�I\k�O"BDH,KFSFEGO"]/E`O\KFBDSLRie[KLEG]aO"C�WX]aSFJ�BDM �2B � V  	��@"EGe�@³�hRiC	SFB[JZ]²naB[M�RiK£KF@"B�BDO,M
]TW�R³SFH"O�I\k*WX]aSFe[E`O"b³O,EGKLS7]abaB[O¥b\RTCKF@"SF]TH"ba@¥KL@,B/M"B[KFBDegKL]aS[�*?A@"B ��B � V  ��hRiC�KL@"B[O�eD]aO\naB[S7KFBDM
E`O\KL] �2BDt  �RTO,MueD]TH"O\KLBDMlH,CFE`O,b�RP"S7]aP�]aS7KFE`]aO�RiV�eD]aH"O\KFBDSD��?A@,B��c�£qÍBgrfP�BDSFEGJZB[O\K�H"C7BDMNRcVURTS7baBDS
K�RTS7baB[K�JZRTCFC�RTO,M¬RiO¬EGJZP"S7]²naBDMNM�R�K�R�RTO�RTVoksCFE`ChKFBDe�@"O,E`^_H"BT�

� ]TJ�I"E`O"RiKLEG]aO�]TW¨SFBDC7H"VGKFC�WXSF]aJ´KL@"B[CFB�KL@"S7BDB�b\RTVGV`E`H,J´B¢rfP¨B[SFE`J�BDO\KFC�baR²nTB�RcJ�B~RTC7H"SFB[JZB[O\K>]iW
w,½"!T¸3# �(w,½¿w !Twc]TWÌKL@"B5BgrfP�BDe[KFBDMNO"B[H,KLS7E`O"]�"Hfr�� �²¾/�¤���ÌE`�iB5KF@"B	t�]aJZB[C7KLRT�TB�RiO"Mu��RiKLB[S³�� BDS7BDO"�i]�n
BgrfP¨B[SFEGJZB[O_KFCDª;KL@"B�O_H"J�I�BDS2]TW>]aI"C7BDS�naBDM(CF]aV`RTS�O"BDHfKLSFEGO"]aC���RTC2CFE`bTO"EGY�eDRTO\KLVok³I�BDV`]²�´KL@"B[]aSFBgKLEGe~RTV
P"SFB[M"E`egKLE`]TO"CD�



����� � � &�� � ���	
��9����� � ��! � �9� ���� �"� � #

�=rfP¨B[SFE`J�BDO\K ��O"BDS7bTkN?A@"SFB[CF@"]TV`M É¬BDRTCFH,SFBDM��a�"�"É �"Hfr
t5]TJZB[C7K�Ri�TB wf�Æx,� ��É¬B ! w,���1�
�f§ �2� � �2§ � ������� �c�£q wf� v3�3��É¬B ! w,�"!ix
�fH"P�BDSÅ� �2RTJ�E`]a��RTO,M"B !��ÅvTw�É¬B ! w,� � !

�]aS7BgrfE`O,] wf� va¸iw�É¬B ! w,�Æ¾2!

?=RTI,V`B/�a�ÆvfÈ2ÉQB~RTC7H"SFB[M*O"B[H,KLS7E`O"]/�"HfrfBDC2WXSF]aJ�CF]aV`RTS	O"B[H,KLS7E`O"]NB¢r,P�BDS7E`J�BDO\KLC[�?A@"BZ�,�£qºS7BDCFH,VGKLC
RTSFB�O"]iK5EGO"eDVGH"M"B[Mµ��?A@"B 
�]aS7BgrfE`O"]�BgrfP�BDS7E`J�BDO\K�E`CAM"EGCFe[H"CFC7BDM³V`RiKLB[ShE`OlKL@,E`CAe�@�RTPfKLBDS[�

�
	�� � =� . � 6@/ � �  ���&� � ��� 8 �&���26� 

�=V`HfrfB[CJ�B~RTC7H"SFB[M�I_k*KL@"BuCF]aV`RTS�O,BDH,KFSFE`O,]³BgrfP�BDSFEGJZB[O\KLC�M"EGCFe[H"CFC7BDM¶RTI¨]²nTBlRTSFBZbaEGnTBDO�EGO¥?=RiI"V`B
�a� vs��ÇpO�BDRTe�@³eDRTCFBiª�KF@"BDS7B�EGC�C7E`baO,EGY�eDRTO\K5M,E`CLRibaSFB[BDJ�BDO\K£I�B[Kp�>BDB[O�KL@,B�B¢r,P�BDS7E`J�BDO\K�RiV�S7BDC7H"VGKFC£RTO,M
KL@"B	niRTVGH"BDChP,SFBDM,E`e[KFBDMNI\k/KL@,Bc�sK�RTO,M�RTSFM¬�f]TVURTShÉ¬]fM,BDV¤���s]aVURTS>]aI"C7BDS7niRiKFE`]aO,ChCFH"bTbaBDC�KLBDMNKL@"RiKAKL@"B
�sK�RTO,M�RTSFM¬�f]TVURTS�ÉQ]fM"B[VµeD]TSFSFB[e[KFVGk/J�]sM"BDVGV`BDM/KF@"Bc�fH"O )¿C�I�BD@�R~nsE`]aH,SD��t5]²�>B[nTBDSDª�P�RTS�KLEGeDV`B£P"@\kfC7E`e[C
]aI"CFB[S7niRiKFE`]aO"C�e[]aO"C7E`C7KFBDO\KLVok©eD]aO\KFSLRTM"EGe[KFBDM�KL@"EGCD��?A@"EGC�M"E`CFRTbaSFB[BDJ�BDO\KcI¨B[e~RTJ�B�baB[O"BDSFRTV`Vok³�_O"]²��O
RTCAKL@"B��f]aV`RTSA��BDH,KFSFE`O,]Zj�S7]aI"V`B[J¬ªfKL@"B2CF]TV`H,KFE`]aO/KF]���@,E`e�@QE`CAO"]²�¼M,E`CFe[H"CFC7BDMµ�

�
		� �������������� 
 �0; �<6@6@/ �����
� �

?A@"B£B¢r,P�BDS7E`J�BDO\KLC�P"SFB[CFBDO\KFBDMNCF]W�RiS>EGOZKL@,E`C�e�@"RTP,KLB[S>�>BDS7B	P"SFEGJuRiSFE`Vok�C7BDO"C7EGKLEonaB	]TO"VGk�KF]BDVGBDegKLSF]TO
KpkfP�BO,BDH,KFSFE`O,]aCD��Ç W�]TKF@"BDS��6R~na]aH"S7C£]TW�O"BDH,KFSFEGO"]Z�>BDS7B�BDJ�EGK7KLBDMQWXSF]aJ�KF@"B��sH"Oµª¨KF@"B[kN�>]aH"VGM�O"]TK
I¨B�SFB[eD]aS7M"BDMZI\k�KL@"B[CFB�BgrfP¨B[SFEGJZB[O_KFCD��§5C�R2SFB[CFH"VoK~ªaKF@"B5J�B~RiCFH"S7BDM���Hfr�]TW¨CF]aV`RTS�O"B[H,KLS7E`O"]aC��>]aH"VGM
I¨B�VGBDCFC�KF@�RTO�KL@�R�K2P"SFB[M"E`egKLBDM�I\k³KL@,Bu�_K�RTO"M"RTSFM*�f]aV`RTS2É¬]sM"B[V¤��?A@"BZ�f]TVURTS���BDH,KFSFEGO"]Qj�S7]aI"VGBDJ
��]aH,V`MI�B�C7]aVGnTBDM�EoW,KF@"B�B[V`BDegKLS7]aOKpksP¨B>O"BDHfKLSFEGO"]aC«P"SF]sM"H"e[BDM�I\kcKL@"Bh�fH"O�e�@�RiO"baBDME`O\KL]5]aO"B�]iW"KL@"B
]TKL@"B[S«Kp�>]	�6R~na]aH,SFC�]TW6O"B[H,KLS7E`O"]£I¨BgWX]aSFB�KL@"Bgk�>BDSFB�M"B[KFBDe[KFBDM�]aO�KF@"Bh��RTS�KL@µ��ÇpOu�%#a¾2# ��SFEGI¨]²ncRTO,M
j«]aO\KLB[eD]aS�na]le[]aSFS7BDe[KFVGkNP"S7]aP�]aCFB[M�KL@�R�K5KF@"B�C7]aVURiS�O,BDH,KFSFE`O,]uP"S7]aI"V`B[J9eD]aH,V`M�I�BcM"H"B�KF]uO"B[H,KLS7E`O"]
]aCFe[E`V`V`RiKLEG]aO � ��¸��¤ªÌI,H,K2E`O"e[]aSFS7BDegKLVGkQC7H"babaB[C7KLB[M�KF@�RiK	KF@"B[k³]aCFe[E`V`V`RiKLBcE`O\KF]NRTO\KLEo� O"BDHfKLSFEGO"]aC£RTO"M�O"]TK
KL]�]TKL@,BDSA�6R~na]aH,SFCD�

��BDH,KFSFEGO"]aCcE`O\KLB[SLRTegK���EoKL@(JZRiK7KLBDS2nsEURlKL@"B���BDRT��E`O\KLB[SLRTegKLE`]TO(RTO,M¥RTS7B/RTVo�hR~ksC�P,SF]sM"H"eDB[M
RTV`]aO,b���EGKL@lKF@"BDEGS�e[]aSFS7BDC7P¨]aO,M"E`O"b�e�@�RiSFbaB[M�V`B[P,KL]TOQP"RTS7KFO"BDS[�>��BDH,KFSFEGO"]aC�JuR~kNRiV`CF]�I�B�BgrfP"S7BDCFC7BDM
E`O�KFBDSFJ�C	]TW�JZRTCFC£C7K�R�KLBDC , �$! , � ! ,   �2Ç W>VGBDP,KF]aO�O_H"J�I�BDS	EGC	O"]TK�RTI"CF]TV`H,KFBDVGkQe[]aO"CFB[S7nTBDM¥RiO"M³KL@"B
O"BDH,KFSFEGO"]�@�RTC�R�Y�O"EGKFB�JuRiCFCDªfKL@"B2JZRTCFC�BDEGbaBDO,C7K�R�KLBDC�M"]�O"]iK�eD]aS7SFBDC7P¨]TO"M�B¢r"Rie[KLVokuKF]�KF@"B	�6R~na]aH,S
BDE`bTBDO"C�K�RiKFBDCDª�RTVGV`]²��E`O,b¬KL@,B/P¨]TCFCFEGI"E`VGEGKpk©]TW�J�EorfE`O,b�I�B[Kp�>BDBDO��6R~na]TH"S�C7K�R�KLBDC[�*ÇpO¥KF@"E`CCFeDB[O�RTS7E`]"ª
�6R~na]aH"S�BDEGbaBDO,C7K�R�KLBDC���]TH"V`M�I¨B�WX]aSFJ�BDM2WXSF]TJ¼V`EGO"B~RTSÌe[]aJ�I"EGO�RiKFE`]aO"CÌ]iW�JuRiCFC�BDE`bTBDO"C�K�RiKFBDC«RTC«C7@"]²��O
I¨B[V`]²�ÍEGO*���a� �\�

� ,��� 	������ ��� � , � � ���a� �\�
��@"BDS7B ����� � EGC�KL@"B�j«]TO_KFBDe[]aS7nT]i��É�Ri�sE �Å�5RT��RTb\R~�hR����,RT��RiKLR(��j�É��	�"��JZRiKLS7Eor¨ª � 	 ('! *�!��*RTO,M



����������� � � ��! � � � � #0! �	�	
��"!$����� �²w

� 	 �'!¢v ! �,��?A@"B�j�É��	�NJuRiKFSFE r/EGC�� � -�� � -�� � -
	
� ��� � ��� � �	
� �� � ��� � ��	 ���� �� � ��� � ��	 ����� � ��� ����	 (������� ����� � ��	 � � ����� ��	��!��	 (������ � ��� � ��	 � � �����"��	#����	 (����$� �"��	 � ��	�������"��	 � � ��������	 ( ���$� � � ����� ��	 � ����� � ��	��!��	 ( ����� � ��	 � ��	 �� %'&)(+*�,

-/.10230 �54!617 � 23081230930 6;: 9=< 6 0 4�617?>�@ 9=< 6 0 @!AB: .10DCE<GFH< 61IJ4!61I)K 09MLN0 : -O0�0 6P: .10QC 4 9=9M9 :R4�: 0�9 4!6S7T <U9 4 81. 4 930 A�4!>�:=@ 2V-/.1< > .W<U9 @)6SKUXY61@)6[Z�\ 0�2 @ < A]6 0�^ : 23< 61@J@ 9 > < K_K_4�: < @)6 9a`[< @!Kb4�: 0dcfe >@!6 9=0�23` 4�: < @)6 (g .S0hcO. @H@)\ 2=0 4�>�:R@ 2i0�FH8N0�2=<UCE0 6�:Jj & k�l . 4 9 7 0�C @!6 9 : 2 4�: 0 7W: . 4m: �on 	 <_9f93C 4!KUKB4�617p>K_@ 9=0 :R@\ 02 @ ( g .1<U9 4�K_K_@ -/9 : .10qCr<�FH< 61I C 4�: 2=<GF :=@ LN0593<_Cr8 K <�st0 7?:=@Y4uI)@H@[7p4 818S2 @ FH<_C 4�: < @)6wv�: .�^19 %'&)(+*�,
LN0 >@ Cr09 x >�@ 9zy"{ 9=< 6 y"{� 9=< 6 y"{ >@ 9zy"{ | %'&)(~}),
4!617�: .10h< 6;: 02 A 0230 61> 0h<_9DL�0 : -�00 6�: - @P6 0�^ : 23< 61@ 9 :R4�: 0�9�D� n 4!6S7 ���r-/.10230Y���E<_9 4EK < 6 0 4 2 >@ C ZL1< 6t4m: < @!6W@!A � � 4!617 ����9 :�4�: 09 vt614 CE0 KUX� � � &� �f� � � � ���"�;�g .10q9=<_Cr8 K 09 :/>4 9=05-/< K_KB6S@ -�LN0581230930 6;: 0 7 C 4m: .10�C 4�: < >4!K_K�X (
���
� ��� ��� ���q���>���d���������5�5� ���H���3 ' '�o¡1�Å�O¢d�£ 6¤: .1<_9 >4 9=0 v1: .105¥ 4 ` @ ^12¦0�< I 0 6 9 :R4�: 0�9 4 2=0q2=0 Kb4�: 0 7W:R@u: .10qC 4 939/0< I 0 6 9 :�4�: 09 4 9 A§@)K_KU@ -/9x

� � n �� ��� � | � x >@ 9zy"{ 9=< 6 y"{� 93< 6 y"{ >@ 9zy"{"| x
� � � �
� � � � |-/.10230py"{P<_9 : .10?` 4!> ^1^1C¨CE<GFH< 61I©4!61I)K 0EL�0 : -�00 6ª: .10P9 :R4�: 0�9 (�« 0�^ : 23< 61@ 9 4 230P812 @[7 ^ > 0 7¬4!6S7CE0 4 9=^1230 7¬4 9�¥ 4 ` @ ^S2u0< I 0 6 9 :�4�: 09 v LS^ : 812 @ 8 4!I;4m: 0 : .12 @ ^ I .938 4!> 0 : <UCE0 4 9®C 4 9=9J0< I 0 6 9 :�4�: 09 (¯ 9 : .S0iC 4 939=0�9 >@ 232=0938 @!617 < 6SIq:=@d: .10iC 4 939�0< I 0 6 9 :�4�: 09 4 230 61@!: 0�°[^ 4!K
v < ( 0 (o± �d²�³± ��: .10iC 4 9=90< I 0 6 9 :�4�: 09Q8S2 @ 8 4�I;4�: 0 4�:¦7 <�´B0�2=0 6;: 9=8�00 7 9 ( g .10230 A§@ 230 vz: .10�- 4 `)0 A ^ 61>�: < @!6µ@!Ao: .10 6 0�^ : 23< 61@ <_9I <U`!0 6 L XW: .10q9=^S8N0�2=8 @ 9=< : < @!6¤@�A¶: - @ C 4 939D9 :�4�: 09

� � n � � >@ 9zy"{ � � � ��· 9=< 6 y"{ � � ���
� � � � � � 93< 6 y"{ � � � ��·ª>�@ 9zy"{ � � ��� � %'&)(¹¸;,

º X 2=0 4 2=2 4!61I < 61I %�&)(¹¸;, vm: .10VC 4 9=9�0�< I 0 6 9 :R4�: 0�9¶C 4"X LN0M0�FH81230939=0 7 < 65: 023CE9 @!A ¥ 4 ` @ ^S2o0< I 0 6 9 :�4m: 09
� � � � � >@ 9zy"{ � � n � � 9=< 6 y"{ � � � �
� � ��� � 93< 6 y"{ � � n �»·¬>@ 9zy"{ � ��� � � %'&)(~¼),



�������������
	���������������������	�������
&)&

g .10¦C 4 939M0�< I 0 6 9 :R4�: 0�9�< 6 %�&)(~¼), 9 4�: <_9 A X®: .10 : <UCE0 7 08�0 617 0 6;: 2=0 Kb4�: <U`[<_9 : < >��H> .12! @)7 < 6SI 02V0°�^ 4m: < @!6-/< : .p9 @)K ^ : < @)6 9
" � � % # , $ � % �'&)(+*b���',-(/. " � � % 0 , $
" � � % # , $ � % �'&213*b���',415. " � � % 0 , $ %'&)(¹k;,

-/.10230 " � � % 0 , $ 4!617 " � � % 0 , $ 4 230 : .10¤0< I 0 6 9 :�4�: 09 4�: # �
0
( £ : . 4 9rLN0�0 6 4 9=93^1CE0 7 : . 4�:Y: .10: - @ C 4 939q0< I 0 6 9 :�4�: 09�. 4 `)0?0�°�^ 4!K 0 6 0�2 I!X %

6 �d4!617 6 � , L1^ :�7 <�´B0�2=0 6�: C 4 9=9309 %�± �q4�617 ± � ,4!617 C @ Cr0 6;:�4 %
7 ��4!617 7 � ,�( ¯ 9®Cr0 6;: < @)6 0 74 L @ `)0 v < A ± ��²� ± �®: .10EC 4 9=9h0�< I 0 6 9 :R4�: 0�9h-/< KUK812 @ 8 4!I;4�: 0 4�:¦7 <�´B0�2=0 6;: 9=8�00 7 9d-/.1< > . 4�K_K_@ -/9 : .10J8 @ 9=9=<UL1< K < :�XE: . 4�:d4 9 :�4�: 0h812 @H7 ^ > 0 7 4 95� n 4�:

#
�

0 C 4"X L�0 7 0 : 0 >�: 0 7�4 9E��� 4�: #98 0
(
:
% � n<; � n , vM: .10p812 @ L 4 LS< K < :�X @�A 812 @H7 ^ > < 6SI 4�60 K 0 >�: 2 @)6r:�X 8�0 6 0^ : 2=< 61@®4�: # � 0 4!6S7?7 0 : 0 >�: < 61I < :O4 9 4!6 0 K 0 >�: 2 @)6Y:�X 8N0 6 0^ : 2=< 61@®4m: #=8 0 C 4"XLN0 >"4�K_> ^ Kb4�: 0 7p4 9 A§@)KUK_@ -/9 (g .S0 A§@)KUK_@ -/< 6SI 0�FH81230939=< @!6 9 4 230 @ L :R4 < 6 0 7 L X 93^1L19 : < : ^ : < 61I %'&)(¹k;, < 6;:=@ %�&)(¹¸;,

" � n % # , $ � % �>&)(?*b���',-(?. >@ 9zy"{ " � � % 0 , $ ·@% �>&A(+*b�B,415. 9=< 6 y"{ " � � % 0 , $�
% �>&)(?*b���',-(?. � >@ 9zy"{ " � � % 0 , $ ·@% �DCE,-(��B,F1HGI. 9=< 6 y"{ " � � % 0 , $ ��J %'&)(

K
,

-/.10230uy"{h<U9 : .10®Cr<�FH< 61Ir4!6SI)K 0�LN0 : -O0�0 6µ: .S0J¥ 4 ` @ ^12 4!617 C 4 939¦0�< I 0 6 9 :R4�: 0�9 ( ¯ 9 : .10 6 0�^ : 23< 61@<_9Q230 K_4�: <�`H<U9 : < >!v 6MLON ·QP 1�+R 4!617 6 � �
6 �"vB: .10 7 <�´B0�2=0 61> 0®L�0 : -�00 6�: .10®C @ Cr0 6;:�4 7 �D4�617 7 �>"4!6 LN0d-/23< :3: 0 6�4 9

7 � � 7 � L ± � �� 7 � � ± ��� 7 � L ± � � � ± ��� 6 { S
T
± �� 6 {-/.10230 6 {h<_9 : .10®0 6 02 I!X�@!A�: .10 6 0^ : 2=< 61@W4!617 T

± � <U9 : .10 7 <�´B0�2=0 6S> 0hL�0 : -�00 6�: .10h93°�^ 4 2=0 @�A: .10qC 4 9=9i0�< I 0 6 9 :R4�: 0�9 @!A¶6 0�^ : 23< 61@ 812 @ 8 4!I;4m: < @!6 ( � ^1LS9 : < : ^ : < 61I®: .1<_9/< 6�:=@ %'&)(
K
, I <�`)09

" � n % # , $ � % �>&A(+* � >@ 9�y"{ " � � % 0 , $ ·@%VUEW�X
15Y1+Z\[ 93< 6 y"{ " � � % 0 , $ � �g .10q812 @ L 4 L1< K < :�X?4 Cr8 K < : ^ 7 0 @!Ao7 0 : 0 >�: < 61Ir4!6 0 K 0 >�: 2 @)6p6 0�^ : 23< 61@E4�: #=8 0 <_9

] � n " � n $ � % �>&A(?* � >�@ 9zy"{ ] � n " � � % 0 , $ ·@% UEW�X
1 Y1+Z [ 93< 6 y"{ ] � n " � � % 0 , $ �)�

^ 9=< 61Iq: .1<U9 4�617r: .10D2=0 K_4�: < @)6 ] � � " ��_ $ � T � _ v;: .10D812 @ L 4 L1< K < :�X�: . 4�:V: .10 6 0^ : 2=< 61@ ¥ 4 ` @ ^12M2=0�C 4 < 6 9^ 61> . 4!6SI 0 7 <_9 I <�`)0 6 L X
:
% � n`; � n ,V� "a] � n " � n $b" ��

" >@ 9 � y"{ ·@%VUEW�X
1 Y1+Z\[ 9=< 6 � y"{ " �� >@ 94cNy"{ · � � % UEW�X 1 Y1+Z\[ ·@%ed UfW�X

1 Y1+Z\[ � 9=< 6 � y"{ >@ 9 � y"{ · 9=< 6 cBy"{!�
%'&)(�&

0
,

¯ 9 6 0^ : 2=< 61@ 9 : 2 4 `!0 K�>KU@ 9=0 :R@¬: .S0 938N0�0 7 @�A®K < I . :"v # C 4 X LN0�2=0�8 Kb4!> 0 7 L Xhgiv -/.S02=0 g <_9: .10 7 <U9 :�4�61> 0rLN0 : -O0�0 6 : .10r9 @ ^12 > 0 @!Af6 0^ : 2=< 6S@ 9 4!617 : .10Y8 @ < 6;:�@!AO7 0 : 0 >�: < @)6 ( º X ^1930 @!A�: .10



�������������
	���������������������	�������
& �

< 7 0 6�: < : <_09 vt>@ 9�� S
n U���� n d U��� v 93< 6 � � S

� �
	��� ���� 4!6S7©>@ 9�� S
� � 	��� ���� v %�&)(U& 0 , C 4"X L�0J93<_Cr8 K <�st0 7:R@

:
% � n ; � n ,V�h& � 9=< 6 � � y"{]9=< 6 � x T ± � g*

6 { |�h& � :
% � n`; � � , � %'&)(�&)&�,

g .10W812 @ L 4 L1< K < :�X @�Ai: .10 6 0�^ : 23< 61@ ¥ 4 ` @ ^12u230C 4 < 6 < 61I ^ 61> . 4!6SI 0 7 <_9 4©A ^ 61>�: < @)6 @!AD7 <_9 :�4!61> 0 (¯ A : 0�2 4 I <�`)0 6 7 <U9 :�4�61> 0 vd: .10 6 0^ : 2=< 61@ -/< K_K 230 : ^12 6 :R@ < : 9p< 6 < : < 4!K 9 :R4�: 0 ( g .1<_9 7 <U9 :�4�61> 0�<_92=0 A 0�2=230 7?:=@u4 9 : .10���������� ��� � � ����� ��� � ��!"�$#�!�% ��&
(
' 0�s 6 < 61IJ: .10¦` 4!> ^1^1C @ 9 > < KUKb4�: < @)6YK 0 61I!: . :R@ LN0

g { �
c�( &) P 1 v %�&)(�&)&�, C 4 X LN05-/23< :=: 0 6¤4 9

:
% � n`; � n ,V� & � 93< 6 � � y"{]93< 6 � x

* g
g { | �£ 6: .10 >4 9=0 @�A 9 @)K_4 2 6 0�^ : 23< 61@ 9 vo: .10?` 4 2=< 4�: < @)6 < 6 7 <U9 :R4!61> 0?LN0 : -O0�0 6ª> 2=0 4�: < @)6 4!6S77 0 Z: 0 >�: < @)6 <_9dC®^ > . K_4 2 I 0�2 : . 4!6 g { ( g .10230 A§@ 230 v]: .10YCr0 4!6 @ LS9=02'`)0 7 ` 4!K ^S0 @!A : % � n ; � n , v < ( 0 (

:
% � n ; � n , v <U9 I <U`!0 6 L X

:
% � n ; � n ,M� & � 9=< 6 � y"{� � &� � & ·¬>@ 9 � � y"{ , J

4 9 : .10 4 `)0�2 4!I 0Y` 4!K ^10 @!A 9=< 6 � x
(,++ [ | <_9 �� ( g .1<U9q812 @ L 4 L1< K < :�X¤>"4�6 6 0�`)0�2JL�0 K 0�9=9 : . 4�6 �� ( g .S0C 4.-3@ 2=< :�X�@!A 9 @)K_4 2 6 0�^ : 23< 61@ 0#FS8�023<_Cr0 6;: 9q. 4 `!0 A§@ ^ 617µ: .10Y812 @ L 4 L1< K < :�X�@�A 93^123`[<U` 4!K¶:R@ LN0 K 09=9: . 4!6 �� v <UCE8 K�X < 61I : . 4m:P: .10©9=<_Cr8 K 0 >"4 9=0 @!A ` 4!> ^1^1C @ 9 > < K_K_4�: < @)6 9 71@ 09 61@�:p4 818 K�X :=@ 9 @!Kb4 26 0^ : 2=< 61@ 9 (

/10
�20�3 4 �o¡H¡65��87�¢:9d�V¢d�;5=<?> �S���' 3 ��o¡1����¢d�
@ .10 6 0 K 0 >�: 2 @)6u6 0^ : 2=< 61@ 9 : 2 4 `!0 KS: .12 @ ^ I .®C 4�:=: 02 : .10 XJ>"4�6 < 6;: 0�2 4!>�: -/< : .®0 K 0 >�: 2 @!6 9o`[< 4Q> . 4 2 I 0> ^1232=0 6;: 2=0 4!>�: < @)6 9 ( A ^ @!6�4�617W:�4 ^ 6 0�^ : 23< 61@ 9 >"4!616S@!: < 6;: 0�2 4!>�: `[< 4®> . 4 2 I 0 7p> ^12=230 6;: 812 @[> 0�9=9=0�94 9 : .10�2=0 4 230 61@/6t4�: ^S2 4!KUKUX¦@H>�> ^1232=< 6SI Ch^ @)6 9 @ 2 :R4 ^19 4!6S7�: .10930 6 0^ : 2=< 6S@ 9 71@D61@!: . 4 `)0V93^6B > <_0 6;:0 6 0�2 I!Xµ:=@ 812 @H7 ^ > 0 : .10�C ( g .S0E8 @ 9=93<_L1< K < :�X©: . 4�:J4!6 0 K 0 >�: 2 @)6 6 0^ : 2=< 6S@©>@ ^ K_7 8 4 2 : < > <_8 4m: 0u< 64¤> . 4 2 I 0 > ^S2=2=0 6;: < 6;: 02 4�>�: < @)6 < 6;: 2 @H7 ^ > 0�9 4�6 4!7S7 < : < @)6t4�K 8 @�: 0 6;: < 4!K < 6µ: .10DC 4 Cr< K�:R@)6 < 4!6¤: . 4�:@)61KUX 0 K 0 >�: 2 @)6�6 0^ : 2=< 61@ 9/0�FH8�02=<U0 61> 0 ( g .1<U9¦< 7 0 4 - 4 9¦st239 : 812 @ 8 @ 930 7 L X @ @)KUA 0 6 9 : 0< 6j & K l 4!6S70�F : 0 617 0 7 L X A <$E�.10 X 0�` 4!6S7 � Cr<_2 61@ ` j � 0 l�( g .S0 7 <�´B0�2=0 61> 0VL�0 : -�00 6J: .10M8 @�: 0 6;: < 4!K 0#FH8N0�2=<_0 61> 0 7L X?: .10q0 K 0 >�: 2 @!6©4!6S7¤@�: .10�2/¥ 4 ` @ ^1239 %

F
, @!A¶6 0�^ : 23< 61@ <_9

THG
�

G n � G � � � �JILKNM n-/.10230 IOK <U9 : .10QPt023CE< >@)6 9 :�4�6�:54!617 M n <_9 : .10 7 0 6 93< :�X�@�A 0 K 0 >�: 2 @)6 9Q< 6©: .10®Cr0 7 < 4r: .S2 @ ^ I .-/.1< > . : .S0 6 0^ : 2=< 61@®: 2 4 `)0 K ( ¯ 9 : .105C 4 9=9 7 <�´B0�2=0 6S> 09iL�0 : -�00 6©6 0�^ : 23< 61@ 9 :�4�: 09 4 230d9=C 4!KUKB4!6S7



�������������
	���������������������	�������
&
�

: .10YC 4 9=950�°[^S<U` 4!K 0 6;:J@�A�: .10Y8 @!: 0 6;: < 4!KoI <U`)0 6 4 L @ `)0 >4!6 L�0 >@ Cr8 4 2 4 L K 0 v C 4�:=: 0250�´B0 >�: 9 >"4�69=< I!6 <Us >4!6;:RK�XP4 ´N0 >�:/: .10 @ 9 > < KUKb4�: < @)6 (g .S0¤` 4!> ^1^1C @ 9 > < KUKb4�: < @)6 0< I 0 6 9 :�4�: 09 I <U`!0 6 < 6 %'&!(~¸;, >4!6 LN0p2=0 Z -/23< :=: 0 6¬A§@ 2 6 0�^ : 23< 61@ 9: 2 4 `!0 K_K < 61I®: .12 @ ^ I .pC 4m:=: 0�2 4 9 A§@)K_KU@ -/9�
" � � P $ � >�@ 9�y P " � n $ · 93< 6 y P " ��� $" � � P $ � � 93< 6 y P " � n $ ·ª>�@ 9zy P " ��� $-/.10230 " � � P�� � P $ 4 230 : .10qC 4 9=9/0< I 0 6 9 :�4m: 09 4!6S7 y P <U9 : .10qC 4�:=: 02fCr<�FH< 6SIY4!61I)K 0 v17 0�s 6 0 7 L X:�4!6 � y P � 9=< 6 � y"{>@ 9 � y"{ � � ��ILK M n &) P 1

� %'&)(�& � ,
£ Ai: .10 7 0 6 93< :�X @!Ai: .S0PCE0 7 <_^SC 4!617 0 6 02 I!X @�Ai: .10 6 0^ : 2=< 61@µ4 230?9=^ > . : . 4�: � ��ILK M n &) P 1

�
>@ 9 � y"{ : .10 6 2309 @)6t4!61> 0 @H>�> ^1239 4!617 y P � *�}

�
( ¯ 9 : .10 7 0 6 9=< :�X�@!AV: .10 � ^ 6 <U9 61@!:5>�@)6 9 :�4!6;:"v2=09 @)6t4!6S> 0 >"4�6ª@[>> ^12 4�:®7 <U´N0230 6;: 8 @ < 6;: 9J< 6: <_Cr0 4 9 : .10 7 0 6 9=< :�X@!A C 4�: 0�2=< 4!K <_9®0�´B0 >�: <�`)0 KUX: <_Cr0 7 08�0 617 0 6;: ( ¯ :f: .10 > 0 6;: 230 @!Aw: .S0 � ^ 6wv � ��ILK M n <U9 K_4 2 I 0 4!617E:�4!6 � y P ; 0 v 9 @ y P ; ( � v9=< 6 y P ;

& 4!617µ>@ 9 � y P ; � &)( £ 6�: .1<U9 K <UCE< :"v1: .S0 6 0^ : 2=< 61@ C 4 9=9d9 :�4�: 0r� � P <_9Q< 7 0 6;: < >"4�K¶:R@: .10r¥ 4 ` @ ^12J0< I 0 6 9 :�4�: 0P� n 4 9 : .S0 4!7S7 < : < @)6t4�K 8 @!: 0 6;: < 4!K�� 2 4 <_9=0�9�� : .10rC 4 9=9 @�Af: .10?� n ( £ Ai: .107 0 6 93< :�X?> . 4!61I 0�9 4!7 < 4 L 4�: < >"4�K_KUX!v): .10 6 0^ : 2=< 61@ -/< KUK 230C 4 < 6 < 6?: .105^1818�02f0 6 02 I!X 9 :�4�: 0 v 0�CE0�2 I 0A 2 @ C : .S0 � ^ 6�4 9q� �d4!617©: .10®9=^S23`[<U` 4!K 812 @ L 4 L1< K < :�X!v : % � n�; � n ,i� 9=< 6 � y"{ ( £ 6�I 0 6 0�2 4!K�v < Aa: .104!7 < 4 L 4�: < >q>@)617 < : < @)6 . @)K_7 9 vN@ 9 > < K_K_4�: < @)6 9/LN0 : -O0�0 6 C 4�:=: 02D0< I 0 6 9 :�4�: 09dC 4"X L�0 6 0 I)K 0 >�: 0 7 4!6S7: .10 6 0�^ : 23< 61@ 0Cr02 I 09 A 2 @ C : .10 � ^ 6�4 9
" � n $ � � 93< 6 y P " � � $ ·¬>@ 9zy P " � � $ % �	�-/.10230�
 �

) P 1 *� & [ ( g .10230 A§@ 230 v < 6: .10 4!7 < 4 L 4�: < >?>4 9=0 vM: .10W9=^S23`[<U` 4!K 8S2 @ L 4 L1< K < :�X @!A 0 K 0 >�: 2 @!66 0^ : 2=< 61@ 9i<_9 I <�`)0 6 L X
:
% � n`; � n ,�� 93< 6 � y P 93< 6 � y"{ ·ª>�@ 9 � y P >�@ 9 � y"{ � � 9=< 6 y"{]9=< 6 y P >@ 9�y"{ >@ 9zy P >@ 9�
��

^ 8 @)6 230 4!> .S< 61Iq: .10� 4 2 : . v;: .10 4 `)0�2 4!I 0/` 4!K ^S0 @�AN: .10¦8S. 4 9=0 A�4!>�:R@ 2 v[>�@ 9�
 v <U9 0 ( g .10230 A§@ 230 v�: .104 `!02 4!I 0q9=^12'`[<U` 4!K 812 @ L 4 L1< K < :�X <U9
:
% � n`; � n ,V� &� � & ·ª>@ 9 � y P >@ 9 � y"{ � �¯ :EK_@ - 0 6 02 I <_0�9 v y P � y"{ 4�617 : .S0¤` 4!> ^1^1C @ 9 > < KUKb4�: < @)6 >4 9=0�<_9Y2=0 >@ `)0�2=0 7Bv -/.S< K 0 4�:.1< I . 0 6 02 I <_0�9W< : <U9 K 0�9=9 : . 4!6 �� 4�617 0°�^ 4!KQ:=@ 9=< 6 � y"{ ( £ 6 : .S0 � ^ 6wvD: .10µ9 >"4!K 0 @!A�7 0 6 93< :�X` 4 2=< 4m: < @!6 <U9 Kb4 2 I 0 >@ Cr8 4 230 7 -/< : . : .10 @ 9 > < K_K_4�: < @)6uK 0 61I!: . 4!617r: .10 4!7 < 4 L 4!> < :�Xu>�@)617 < : < @!6 . @!K_7 9: 2=^S0 ( ¯ 9 4 2=0�9=^ K�:"v): .10f9=^S23`[<U` 4!K 812 @ L 4 L1< K < :�Xq>4!6 LN0 K 0939 : . 4!6 �� v;4 9 @ L19=0�23`)0 7 L X 9 @)K_4 2 6 0�^ : 23< 61@0�FH8N0�2=<UCE0 6�: 9 ( g @5A ^12 : .102�< 6 `)09 : < I;4�: 0 : .10/9 @!Kb4 2 6 0^ : 2=< 61@ 812 @ L K 0C 4!61@�: .10�2�0�FH8N0�2=<UCE0 6�:vB� « � v- 4 9 7 0�`[<_9=0 7�4!6S7¤: .1<_9i<U9 61@ - 7 <U9 > ^S9=9=0 7 (



�����!����� � ��� 	���� � ��� 	���� �����
	 �����@��� ��	����� ���	�� � ��B��	=�����
&"*

e�. 4 930 � < I)6t4!K P K ^HF %
�
&
0�� > C � � 9 � � ,

' � � cic & � ¼!¸ ����� ���� ��� � �« c } � & � ����� � c� ��� � �
 � � � ��K ����� � �� ��� � �

�S4�KU: cic & � ¸)k ����� � �� ��� ���« c * � K * ����� c 	� ��� c �
 � � � � } ����� ���� ��� ���g 4 L K 0 &)(

� � � ^1CrC 4 2 XE@!A 23093^ KU: 9 A 2 @ C : .105st2=9 :D: - @ 81. 4 9309 @!A¶: .10 � « � 0�FH8N0�2=<UCE0 6�:
����� ���
 "!$#&%' )(+*',�- %'./� 01!$2$3$!$*54 67�
!8%'*:9<;/, =>3$ "�?*'@BAB%5,�*54º 0 A§@ 230 : .10 � ^ 7 L1^12 X « 0�^ : 23< 61@ � L19302'` 4m:R@ 2 X %

�
«
�
, 0�FH8�02=<UCE0 6;:"vt4!KUK 81230�`[< @ ^19i9 @)K_4 2 6 0�^ : 23< 61@0�FH8N0�2=<UCE0 6�: 9�. 4!7 CE0 4 9=^1230 7h4D7 0�s > < : < 65: .10�¥t^[F @!A � n A 2 @ C : .10 � ^ 6 ( ¯ K�: . @ ^ I .q< : - 4 9 : . @ ^ I . :: . 4�:q6 0^ : 2=< 6S@¤@ 9 > < K_K_4�: < @)6 9Q0#FH8 Kb4 < 6 0 7µ: .10 @ L19=0�23`!0 77 <U9 > 2=08 4!61>�X!vo4�6 0#FS8�023<_Cr0 6;:q>"4 8 4 L K 0 @�ACE0 4 9=^123< 61I�4!KUKo: .12300r¥ 4 ` @ ^1239 @!Af6 0^ : 2=< 61@ - 4 9J2=0°�^1<U2=0 7 :R@ ` 4!K < 7t4�: 0 : .1<_9 : .10 @ 2 X ( �

«
� - 4 9L1^1< K�:/:R@ Cr0 4 9=^1230h< 6S7 08�0 617 0 6;:RK�X¤: .10J¥1^HF @�A � n 4!617�: .10�¥t^HF @!AV4!KUK»4!>�: <U`)0 6 0^ : 2=< 61@ ¥ 4 ` @ ^1239A 2 @ C : .10 � ^ 6 ( g .10 � « � 0#FS8�023<_Cr0 6;: <U9 7 09 > 2=<ULN0 7 < 6J7 0 :R4 < K < 6 cO. 4 8 : 02 � ( £ : ^19=0 7 81^1230O.10 4 ` X- 4�: 02 %

' � � , 4 9 4d:�4 2 I 0 :oA§@ 25C º 6 0�^ : 23< 61@ 9a-/.S< > . >@ ^ K_7 < 6;: 0�2 4!>�: < 6u@!6 0 @!Az: .10 A§@)KUK_@ -/< 6SI¦: .S2=00- 4"X 9�&)( cO. 4 2 I 0 7¤> ^1232=0 6�: % cic , -/.1< > .�8S2 @ `[< 7 0�9 4 Cr0 4 93^12=0 @!A¶: .10J� n ¥t^HF (� (D« 0�^ : 2 4!KB> ^12=230 6;: %�« c , 812 @ `[< 7 < 61Iu4 Cr0 4 9=^1230 @!A�: .10 :R@!:R4!K ¥1^HF @!A 9 @)Kb4 2 6 0�^ : 23< 61@ 9 v < 6S7 0 Z8N0 617 0 6�:¦@!A ¥ 4 ` @ ^S2 (
�
(
 Kb4 9 : < > 9 >"4m:=: 0�2=< 61I %

 �
, -/.1< > .�Cr0 4 9=^12309 4!K_K»: .12300 4!>�: <U`!0®¥ 4 ` @ ^S2=9 @!A�6 0^ : 2=< 61@¤4!617 <_9¸S(~} : <_Cr09fC @ 23059=0 6 9=< : <U`!0 :=@ � n (£ A�: .10u¥t^HF Cr0 4 93^12=0 7 L X�: .10rcic 230 4!>�: < @!6µ7 <_9 4!I 2=0�095-/< : . : . 4�: Cr0 4 9=^1230 7 L X©: .10 « c 2=0 4!>�Z: < @!6wv < :Q>@)6 st2=Cr9 : . 4m:d: .10 7 <U9 > 2=08 4!61>�X LN0 : -O0�0 6 : .10uCr0 4 93^12=0 7 4�617 812=0 7 < >�: 0 7 ¥t^[F @!A 9 @!Kb4 26 0^ : 2=< 61@ 9i<_9/0#FS8 Kb4 < 6 0 7 L X ¥ 4 ` @ ^12 > . 4!61I < 61IY6 0^ : 2=< 61@Y@ 9 > < K_K_4�: < @)6 9 (g .S0 s12=9 : 81. 4 9=0 @!A�: .10 �

«
� 0#FS8�023<_Cr0 6;: 2 4�6 A 2 @ C « @ `)0ChLN0�2 &

K�K�K :R@ ¯ 8S2=< K � 0�0 �4!617 ^1930 7 8S^12=0 ' � � 4 9 4p:�4 2 I 0 : ( P @)KUK_@ -/< 61IP: .10 4!7S7 < : < @)6 @!A � :R@)616 09 @�A 9 @[7 <_^1C > . K_@ 23< 7 0%�« 4 c K , vN:R@ 0 6 . 4!61> 0Y930 6 93< : <�`[< :�X©:=@W: .10 « c 812 @H> 09=9 v]: .10Y9=0 >@)6S7 81. 4 9=0Y2 4�6 A 2 @ C A 4"X � 0�0 �:R@ � 08 : 0ChLN0�2 � 0�0 *1( D 093^ KU: 9 A 2 @ C L @!: . : .10930J8S. 4 9=0�9 4 2=0 I <U`!0 6 < 6 g 4 L K 0 &!(
�
(

D 093^ KU: 9 A 2 @ C : .S0Ys12=9 :5: - @ 81. 4 9309 @!AM: .10 � « � 0#FH8N0�2=<_Cr0 6;:rj � & v �)� v � � l 93. @ - 4W>K 0 4 27 <U´N0230 61> 0�L�0 : -�00 6�: .10¤¥t^HFH09 @!A � n 4�617�4!KUKi6 0^ : 2=< 61@ 9 ( g .10©Cr0 4 93^12=0 7 ¥t^[F @�A54!KUK/4!>�: <U`)0



����� ����� � ��� 	���� � ����� �
� � ��� �
&�}

¥ 4 ` @ ^1239 % A 2 @ C : .10 « c 812 @[> 0�9=9 , <_9M< 6EI)@H@[7E4!I 2=0�0Cr0 6;: -/< : . : . 4m: 81230 7 < >�: 0 7 L XY: .10 �[:�4�617t4 2 7
�H@)Kb4 2 A @[7 0 K (

P¶< I ^1230 &)(
� 9=. @ -/9 >@)6;:R@ ^12O8 KU@!: 9 @!AB: .10 : - @ CE<GFS< 61I 8 4 2 4 CE0 : 0�2=9 A§@ 2 : .10D9 4!K�: 81. 4 9=0 7t4�:�4j �)� l
( º X >�@ C®L1< 6 < 6SIp: .10 � « � 9 4!KU: 81. 4 9=0?23093^ KU: 9J-/< : . : . @ 930 @ L :R4 < 6 0 7 L X : .10�� 4 C�� ¯ «

'0�FH8N0�2=<UCE0 6�:vS: .S0�L�09 : s : ` 4�K ^10�9 A§@ 2 : .10qCr<�FH< 6SI 8 4 2 4 CE0 : 0�2=9 4 2=0 T ± � ��� � k � 0 ����� �� ��� c � &
0 �	� 0�
 �4!617 y ��� �

� � � K � � � c� � � � 7 0 I 2300�9 ( g .10 �
«
� 23093^ KU: 9r9 : 2 @)61I)K�XA�4 ` @ ^12 : .10�� 4 2 I 0 A <GFH< 61I ¯ 6SI)K 0%

� A ¯ , . X 8 @�: .10�9=<_9 @!A Cr<�FH< 61I (
���� ���
 "!$#&%' >(+*', - �7A - ��� 6 �g .10�� 4 CE< @ E 4 �]<_°�^1< 7 9 > < 6;: < K_Kb4m:R@ 2 ¯ « : < Z 6 0^ : 2=< 61@ ' 0 : 0 >�:R@ 2 %

� 4 C�� ¯ «
'
, <U9 K_@[>"4m: 0 7 < 6��)4 8 4�66 0�F :¤:R@ : .10 � ^S8N0�2 Z � 0�FH8N0�2=<UCE0 6�: % 7 <_9 > ^1939=0 7³Kb4�: 02 ,�( � 4 C�� ¯ «

' 7 0 : 0 >�: 9 4!6;: < Z 6 0^ : 2=< 61@ 9812 @[7 ^ > 0 7 L X }
� 6 ^ >K 0 4 2D2=0 4!>�:=@ 2=9D< 6��)4 8 4!6©4�617 < : <_9 K_@[>"4�: 0 7�4�:¦4!6�4 `!02 4!I 0 7 <_9 :�4!61> 0 @�A & k

0
E[C A 2 @ C 0 4!> .�2=0 4�>�:R@ 2 ( ¯ 6;: < Z�6 0^ : 2=< 6S@ 9 4 2=0 7 0 : 0 >�: 0 7 `[< 4®: .10 A§@)K_KU@ -/< 61I < 6�: 02 4!>�: < @)6

�� n · 8 ; % � ·ª6-/.1< > .µ<U9 4!6 < 6 `!0239=0uL�0 :�4P7 0 >"4"X 812 @[> 0�9=9 ( g .10u230 4!>�: < @)6 <_9 7 0 : 0 >�: 0 7 ^193< 61Ip4E7 0 K_4 X 0 7 >@ < 61> < Z7 0 61> 0 >�@ ^ 6;: < 61I Cr0 : . @[7wv -/.10230 : .S0E93< I)6t4�K <_9 4 9 > < 6�: < KUKb4�: < @)6�K < I . : 93< I)6t4�KaA 2 @ C : .10r812 @ Cr8 :
% � A§@)K_KU@ -�0 7�4 2 @ ^ 617 �)� 0�� 9 K_4�: 0�2QL Xµ4 93< I)614!K¶A 2 @ C 6 0^ : 2 @)6 >4 8 : ^S2=0 @)6 4 812 @!:R@!6 ( g .10 >@�Z< 61> < 7 0 61> 0 >�@ ^ 6;: < 61I CE0 : . @[7 9=< I)6 <�s >"4!6;:=KUX 2=0 7 ^ > 0�9 : .10 6 ^1C®L�02 @!A L 4�> E I 2 @ ^ 6S7 93< I)6t4�K 9O< 6P: .107t4�:�4 930 : ( g .S0Dst239 : 2=0�9=^ K�: 9 A 2 @ C�� 4 C�� ¯ «

' j � *ml A§@ ^ 617 0 � ¸H&)& � 0 � 0 k)}W% 9 :R4�: , � 0 � 0 *1&?% 9 X 9 : ,@!A�: .1050#FS8�0 >�: 0 7 ¥t^[F ( ¯ 9=9=^SCE< 61IY> . 4 2 I 0 Z 8 4 2=< :�X�Z
: <UCE0 % cfe g , >@)6 9=02'` 4�: < @)6¤4!617P: - @E6 0�^ : 23< 61@CE<GFS< 61I1v!: .10D2=093^ KU: 9O0#F >�K ^ 7 0 7W4!KUK1@ 9 > < KUKb4�: < @)6 9 @)K ^ : < @!6 9�0�F > 0�8 :f: .10 K_4 2 I 0iCE<GFS< 61I�4!61I)K 0 %
� A ¯ ,

9 @)K ^ : < @)6 ( g .10�� A ¯ 9 @!K ^ : < @)6 -/< K_Kw61@ - LN0 7 <U9 > ^S9=9=0 7 (
����� � A * � � ! 9#"�9<;$� � ;$��# �  ",�#<!8%59 ,�;

D 0�9=^ K�: 9 A 2 @ C : .S0 �
«
� 4�617 � 4 C�� ¯ «

' 0�FH8N0�2=<UCE0 6�: 9?9 : 2 @!61I)KUX¬A�4 ` @ ^12 : .10$� 4 2 I 0 A <�FH< 61I¯ 61I)K 0 %
� A ¯ , 2=0 I < @)6 @�A Cr<�FH< 6SI 8 4 2 4 Cr0 : 0�2u9=8 4�> 0 ( g .10�� A ¯ 9 @)K ^ : < @)6 4 939=^1Cr09 : . 4�:u: .104!7 < 4 L 4!> < :�X�>�@)617 < : < @!6 . @)K_7 9 4!617 6 0�^ : 23< 61@ 9 : 2 4 `)0 K C 4!6;X @ 9 > < KUKb4�: < @)6�K 0 61I�: .19 7 ^123< 61I¬: .10�<_2812 @ 8 4!I;4�: < @)6P: .12 @ ^ I . : .10 � ^ 6 ( g .10�9=^12'`[<U` 4!K 812 @ L 4 L1< K < :�X -/.10 6 y ��	 <_9i9=C 4!KUK L1^ :D61@)6[Z�\ 0�2 @ <_9: .10�2=0 A§@ 2=0 I <U`!0 6 L X

:
% � n ; � n ,�� &� %'& ·ª>�@ 9 � y P >@ 9 � y ��� , >�@ 9 c y ��	4!617 y P <_9 : . 4�:�I <U`!0 6 < 6 �°[^ 4�: < @)6 %�&)(�& � ,�( ¯ : 0 6 02 I <_09 I 230 4�: 02 : . 4!6 &

0 A 0�
 v]: .10 7 0 6 93< :�X7 08�0 617 0 6;:�: 0�2=C <_9 I 2=0 4�: 0�2 : . 4!6 & 4!617h: .10f9=^S23`[<U` 4!K 812 @ L 4 L1< K < :�X 2=0 7 ^ > 0�9 :R@ 93< 6 � y ����v -/.10230iy ���<_9 : .10Q` 4!> ^1^1C�Cr<�FH< 61IJ4!61I!K 0 ( P @ 2�0 6 02 I <_0�9fLN0 K_@ - � A 0�
 v 2=0�9 @)6t4�61> 0d<U9 61@�: 8 @ 9=93<_L K 0 4!6S7?: .10



����� ��� � ����� �9�� ����O��������� ��������	�����
& ¸

)2
 e

V
-5

 (
10

2
 m∆

5

10

15

20
(a)

θ2tan

)2
 e

V
-5

 (
10

2
 m∆

5

10

15

20

0 0.2 0.4 0.6 0.8 1

68% CL

95% CL

99.73% CL

(b)

Po< I ^S2=0 &)(
� � A � @ >@)6;:R@ ^12P8 KU@!: 9 A§@ 2 : .10�9 4!KU: 81. 4 930 @!A�� « � (d% 4 , <_9 A§@ 2E9 @)Kb4 2 7t4�:R4 @)61K�X4!617 % L , < 61>K ^ 7 09E2=0�9=^ K�: 9 A 2 @ C � 4 C�� ¯ «

'
( c � 2=0 A 0�2=9 :=@ c @)6 s 7 0 61> 0 �]0�`)0 K
v T ± � <_9 : .107 <U´N0230 61> 0JL�0 : -�00 6�: .10J9=°�^ 4 230 @!A¶: .10JC 4 939=0�9 @!A¶: .10�2=0 K 0�` 4!6;: 0< I 0 6 9 :�4�: 09 @!A 812 @ 8 4!I)4�: < @)6�@�A: .10 6 0^ : 2=< 61@ 9 4�617 :�4�6 � y©°�^ 4!6;: <�st09 : .10?9 : 230 61I!: . @!Af: .10PCr<�FH< 61I L�0 : -�00 6 : .10E¥ 4 ` @ ^12 4!6S7C 4 939i9 :R4�: 0�9 (



��� ��� �O��	���� � ��� ��	����� � � ��� � �� � � � 	��
&�¼

β < cos2θ12

β > 1

1 - — sin22θ12

1

2

sin2θ12
P ee

Eν

0.0

0.2

0.4

0.6

0.8

1.0

Po< I ^S2=0 &)(+* � �H> .S0C 4�: < > 2=08S2=0930 6;:�4m: < @!6h@!A 0 K 0 >�: 2 @)6q6 0�^ : 23< 61@ 93^123`[<U` 4!K 8S2 @ L 4 L1< K < :�X¦4 9 4fA ^ 61>�: < @)6@!A 0 6 02 I!X ^18 :R@ � 0 A 0#
 A§@ 2 4!6 � A ¯ 9 @)K ^ : < @)6 -/.S02=0�� � ��� �	��
��� & [) P 1 j � }ml�(
9=^12'`H<�` 4!K 812 @ L 4 L1< K < :�X <_9M< 7 0 6;: < >4!K1:R@q: . 4�:VA§@ 2 : .10/` 4�> ^1^1C @ 9 > < K_K_4�: < @)6u>"4 930 v < ( 0 (f& � �� 93< 6 � � y ��� (
P @ 2u0 6 0�2 I <U09rLN0 : -O0�0 6 � 4!617 &

0 A 0#
 v�: .S0 @ 9 > < K_Kb4m: < @!6 : 0�2=C <_9Y93< I)6 <�s >"4�6�:v L1^ :r: .10230©<U9 4: 2 4�6 9=< : < @!6 LN0 : -O0�0 6 : .10 : - @ 0�F : 230Cr0E9 :�4�: 09 ( ¯ 7 <_9 :R@ 2 : < @)6µ@!AO: .10Y0 6 0�2 I!X 938N0 >�: 2=^1C < 6�: .1<_92=0 I < @)6 <_9Q0#FH8N0 >�: 0 7 LS^ : . 4 9 61@!:dX 0 : L�00 6 0�FH8�02=<UCE0 6;:�4!KUKUXp@ L19302'`)0 7 ( g .10 6 0^ : 2=< 61@ 9=^S23`[<U` 4!K812 @ L 4 L1< K < :�XE4 9 4®A ^ 61>�: < @!6¤@�A 0 6 02 I�XPA§@ 2 4!6 � A ¯ 9 @)K ^ : < @)6 <_9i93. @ - 6 < 6 Po< I ^1230 &)(+*1(
��� ��� = %'./�
* 6 �?!8%'*:9<;/, � "�� �
*:9<- �?; %5 £ 6W4!717 < : < @)6r:=@ 9 @)Kb4 2 6 0�^ : 23< 61@ CE0 4 9=^1230Cr0 6;: 9 vt4J6 ^1ChLN0�2 @!A 0#FS8�023<_Cr0 6;: 9�. 4 `)0 @ L19=0�23`)0 7p6 0^ Z: 2=< 61@ Cr<�FH< 61I ( �H@ Cr0 @!A»: .10�9=0 4 2=0 61@ - L12=<U0�¥ XW7 09 > 2=<ULN0 7 (
/10 /�� 0 / � ¡1�������:9 5»�z��� ¢ 5»�¦¡1�z�'¢�� 5���� 5��z�'� 5»¢O¡S�£ 6®4!717 < : < @)65:R@ 9 @)K_4 2 6 0^ : 2=< 61@ Cr0 4 93^12=0�CE0 6;: 9 vm: .10 � ^18�02 Z � 4 Cr< @ E 4!617 0 %

� ^18�02 Z � , 0�FH8N0�2=<UCE0 6�:812 @ `[< 7 0�9 4 CE0 4 9=^S2=0Cr0 6;:5@�AM: .10®¥t^HF @!AV6 0�^ : 23< 61@ 958S2 @[7 ^ > 0 7 < 6©: .10 4�: C @ 9381.10230 j � ¸�l�( CD< I .0 6 0�2 I!X 812 @!:R@!6 9 A 2 @ C >�@ 9=Cr< > 2 4"X 9�< 6;: 02 4�>�: -/< : . @ F X[I 0 6 4!617�6 < : 2 @)I 0 6 6 ^ >K 0�<V< 6µ: .10r^1818�024�: C @ 9=8S.10230 :R@ 812 @H7 ^ > 0W81< @)6 9 %
* �

,�( g .10�9=0¤9=^1L1930°�^10 6�:=KUX¬7 0 >"4"X 812 @H7 ^ > < 61Iµ6 0^ : 2=< 61@ 9 % � n4!617 ��� , 4!617 C®^ @)6 9 %
� �

, `[< 4®: .10 A§@)K_KU@ -/< 61I 812 @H> 0939=09
* � ; � � · ���
� � ; �� � ·�% � · � n �



��� ��� �O��	���� � ��� ��	����� � � ��� � �� � � � 	��
& k

� ^18�02 Z � >"4�6161@!:¤7 <U9 : < 61I ^1<U9=. L�0 : -�00 6 ���� 4!6S7 � � v 9 @ª: .10 CE0 4 9=^S2=0 7 2 4�: < @ @!A ��� :=@ � n <_90�FH8N0 >�: 0 7�:=@ LN0 >KU@ 9=0 :=@ � (
P @ 2 6 0^ : 2=< 6S@ 9p812 @[7 ^ > 0 7 < 6 : .10 4�: C @ 9=81.10�2=0 vQ: .10�2=0µ-/< KUK L�0 4 93< I)6 <�s >"4�6�:p7 <U´N02=0 61> 0LN0 : -O0�0 6�: .S0 7 <U9 :�4�61> 0 : 2 4 `!0 K_K 0 7©: .12 @ ^ I . : .10  4 2 : . A§@ 2 : . @ 9=0J812 @[7 ^ > 0 7µ7 <U2=0 >�:RK�X¤4 L @ `!0 4!6S77 <_230 >�:=KUX L�0 KU@ - : .10 7 0 : 0 >�:R@ 2 ( g .10 @ L19=0�23`!0 7 ¥t^HF @!A C®^ @!6®6 0^ : 2=< 61@ 9o- 4 9 A§@ ^ 617h:=@ LN0O9 : 2 @)61I)K�X7 08�0 617 0 6;:D@)6W\ 0 6 < : . 4�61I)K 0 v -/< : . 4®Kb4 2 I 0 7 0�s > < :/@!A�6 0^ : 2=< 6S@ 9i2=0 >@ 2 7 0 7WA§@ 2f0�`)0 6�: 9 : 2 4 `)0 K_K < 61I: .12 @ ^ I . : .10  4 2 : . :R@¤: .10 7 0 : 0 >�:=@ 2 (¤« @ 9=^S81812=0�9=93< @)6 @ 2q0#F > 0939®- 4 9 @ L193023`!0 7 A§@ 2q0 K 0 >�: 2 @!66 0^ : 2=< 61@ 9 v < 617 < >"4�: < 61I�: . 4m: C®^ @)6W6 0^ : 2=< 6S@ 9O-�02=0 : 2 4!6 9 A§@ 2=Cr< 6SI < 6;:R@J:�4 ^ 6 0�^ : 23< 61@ 9 j � ¸�l
( D 0 Z9=^ K�: 9/-O0�2=0 >�@)6 93<_9 : 0 6;: -/< : . 6 0^ : 2=< 61@E@ 9 > < K_K_4�: < @)6p4!617¤: .10�LN0�9 : s : 8 4 2 4 CE0 : 0239D-�0230 A§@ ^ 6S7�:R@LN0 j � ¸�l " T ± ���	 " � � � } � &

0 � 	 0�
 � 4�617 9=< 6 � � y ��	 8 0 � K ¸ %
K�0�� c � , v 812 @ `H< 61IP: . 4�:56 0�^ : 23< 61@ 9. 4 `)0�C 4 939 v1>�@)6;: 2 4 2 XW:=@Y: .10 �[:�4�617t4 2 7 A @H7 0 K]@!A e 4 2 : < >�K 05e�. X 9=< > 9 (

/10 /�� 0�3 � �� '����� 5»�¦¡S�z�3¢�� <:5]¡65��B¡t����¢ � � ¡�9 �H���3¢O¡1�3 ' '�o¡��M�g .10 º @ 230�FH< 61@ 0#FH8N0�2=<_Cr0 6;: <U9 K_@[>"4�: 0 7 < 6 : .10��52 4�617@�S4 939 @ � 4 L @ 2 4�:R@ 2 X)v £ :R4!KUX ( g .10 7 0 : 0 >�Z:R@ 2 >�@)6 9=<U9 : 9 @�A®4 9=8S.1023< >"4�K < 616 02W` @)K ^1Cr0 @!AJ@ 2 I;4�6 < > 9 > < 6�: < KUKb4�:=@ 2 71@ 8N0 7 -/< : . eVe � % � v } Z7 <_81.S0 6;X[K_@ F 4!\@)K 0 , -/.1< > .�<_9 4 ¥1^ @ 2=0�9 > 0 6;:57SX 0 ( g .10J< 616 0�2D` @)K ^SCE0q<_9/93^12=2 @ ^ 617 0 7 L X�4 L1^S´N02\@)6 0 >@!6�:R4 < 6 < 61I 81930^ 71@[> ^SCE0 6 0 4!617E7 <_Cr0 : . XHK 81. : . 4�Kb4�: 0 ( g .S0¦0 6�: <_230 7 0 : 0 >�:R@ 2O<_9V93^12=2 @ ^ 617 0 7L X ^ KU: 2 4 81^1230W- 4�: 02 vM:=@ 230 7 ^ > 0¤L 4!> E I 2 @ ^ 617 9 ( « 0^ : 2=< 61@ 9Y0 K_4 9 : < >"4�K_KUX 9 >"4�:3: 0�2r< 6 : .10p< 6S6 02` @)K ^1CE0 v 812 @[7 ^ > < 61I��cO0�2=0 6 E @ ` K < I . : -/.1< > .E<U9 7 0 : 0 >�: 0 7 L X �)� & � k < 6S> .r8S. @!:R@ C®^ KU: <_8 K <_0�2 : ^1L�09 (g .S0 º @ 230�FH< 6S@ 0�FH8�02=<UCE0 6;: - 4 9 7 0�9=< I)6 0 7 :R@ 0#FH8 K_@ 230 : .10 KU@ -O0�2?2=0 I < @!6 @!Ad: .10 A � @8 K_@!:OI <U`!0 6 < 6 Po< I ^S2=0 &!(¹* L XP7 0 : 0 >�: < 61Iu6 0�^ : 23< 61@ 9 A 2 @ C : .S05C @)6S@ 0 6 02 I 0 : < > � º 05812 @[> 0�9=9 ( g .S0st2=9 : 2=0�9=^ K�: 9 A 2 @ C : .10 º @ 2=0#FS< 61@ 0�FH8�023<_Cr0 6;:�j � ¼�l I <U`!0 4 6 0�^ : 23< 61@ ¥1^HF @!A *;}
�

¼1% 9 :�4m: , �& � % 9 X 9 : , >�@ ^ 6;: 9
	 % 7t4"X (U& 0 0 :R@!6 , vt>�@ CE8 4 2=0 7¤:=@E4 �[:R4!617t4 2 7 �[@)Kb4 2 A @H7 0 K 812=0 7 < >�: < @)6W@!A ¼!} � *
>@ ^ 6;: 9�	 % 7t4"X (�& 0�0 :R@)6 ,#( g .10930J2309=^ KU: 9 4 230 >@)6 9=<_9 : 0 6�: -/< : . : .10�� A ¯ 9 @)K ^ : < @)6 (
/10 /�� 0� � �]�;5¶  5��t�o¡ �M� ¢ 5»�¦¡1�z�'¢�� 5 ��� 5��z�'� 5»¢O¡1�¯ >> 0 K 02 4m:R@ 2 6 0^ : 2=< 6S@ 0�FH8�02=<UCE0 6;: 9i< 6 ` @)K `!0d^19=< 61Iu4!6p4�>> 0 K 0�2 4�:=@ 2 :=@ 812 @[7 ^ > 0 4 81^12305LN0 4 C @�A6 0^ : 2=< 61@ 9 @!A�@)6 0O¥ 4 ` @ ^S2 4!617 st230i< :o: .12 @ ^ I . : .S0  4 2 : . ( g @�>�@)6 st23C 4!6Y4 818N0 4 2 4�61> 0 @ 2 7 0�s > < :@!A]6 0�^ : 23< 61@ ¥ 4 ` @ ^1239 v1@!6 0 7 0 : 0 >�:R@ 2O<_9M8 K_4!> 0 7P>KU@ 9=0 :R@J: .10Q9 @ ^12 > 0 4!6S7P4!61@�: .10�2 4JA 0�- .[^ 617 2=0 7
E[< K_@ Cr0 : 0239 4 - 4"X ( g .S0¦2309=^ KU: 9 A 2 @ C 0 4!> . 7 0 : 0 >�:R@ 2 4 2=0 >@ Cr8 4 230 7u:R@ 9=0�0¦< Az: .10 6 0�^ : 23< 61@ 9V. 4 `!0> . 4!61I 0 7 ¥ 4 ` @ ^12 ( � 0�`!02 4!K 93^ > .©0#FH8N0�2=<_Cr0 6;: 9¦. 4 `!0 :�4 E!0 6 8 Kb4�> 0 4!617p: .10qC 4.-3@ 2 @)6 0�9 4 2=0 61@ -L12=<U0�¥ XW7 09 > 2=<ULN0 7 (
�����g .10�� � � 0�FH8�023<_Cr0 6;: ^19=0 7�: .S0 � ^18N0�2 Z � 7 0 : 0 >�:R@ 2 :R@ Cr0 4 93^12=0 4 LN0 4 C @!A ��� : . 4�: . 4�7 L�00 6812 @[7 ^ > 0 7 � } 0 E�C 4 - 4 X 4m:�: .10 �  � 4!>�> 0 K 02 4�:R@ 2 A�4�> < K < :�X ( c @ CE8 4 2=<U9 @)6 @!A 23093^ KU: 9 A 2 @ C



��� ��� �O��	���� � ��� ��	����� � � ��� � �� � � � 	��
&
K

: .10 6 0 4 2 4!617 A�4 2 7 0 : 0 >�:R@ 239u9=. @ -�0 7ª4©7 0�s > < : < 6 ��� 4�:h: .10 A�4 2 7 0 : 0 >�:=@ 2 j � kml�( g .10?LN0�9 : s :8 4 2 4 CE0 : 0239f-O0�2=0�< 6pI)@[@H7p4�I 2=0�0Cr0 6;: -/< : .p2309=^ KU: 9 A 2 @ C � ^18�02 Z � (
���������g .10 A 4 < 6 £ 6�- 0 >�:=@ 2 « 0�^ : 23< 61@ � 9 > < K_K_4�: < @)6 � 0 4 2 > . %

A�£ « � � , <_9 K_@[>"4m: 0 7�4�: Pt0�2=Cr< Kb4 L 4!6S7©: .10
�H@ ^ 7t4�6 CE< 6 0h< 6�: .10 ^ � ¯ ( eV2 @!:R@!6 9 A 2 @ C : .S0 A 4 < 6 £ 6�- 0 >�:R@ 2 4!>�> 0 K 02 4�:R@ 2 % 4�: Pz0�2=Cr< K_4 L , 4 2=0^19=0 7¬:=@ 812 @[7 ^ > 0 4!6 < 6;: 0 6 930WLN0 4 C @!A C®^ @)6 6 0^ : 2=< 61@ 9 ( g .S<_9uL�0 4 C¨<_9hs12=0 7ª4�7 <U9 :R4!61> 0 @�A¼
�
}

E�C : .S2 @ ^ I . : .10  4 2 : . :R@©4¤A�4 2 7 0 : 0 >�:R@ 2 KU@H>4�: 0 7 < 6 : .10 �H@ ^ 7t4!6 Cr< 6 0 ( g .10 A�£ « � �0�FH8N0�2=<UCE0 6�: - 4 9 7 0�9=< I!6 0 7u:R@5: 09 :V: .10 4�: C @ 9381.1023< > 23093^ KU: 9 4�617u: .10fst239 : 2309=^ KU: 9 A 2 @ C A�£ « � �-O0�2=0 " T ± ���	 " � � � ¼�* ����� cHc� ��� � � � &
0 � 	 0#
 � 4!6S7 9=< 6 � � y ��	 8 0 � k;¼h%�¸)k

� c (
�
(~, j � K l < 6hI)@[@H7J4!I 2300�CE0 6�:-/< : .p2309=^ KU: 9 A 2 @ C � ^S8N0�2 Z � 4!617 � � � (

	
����������������������������g .10 � � « ' 0�FH8�023<_Cr0 6;: ^1930 7ª4 LN0 4 C @�A �� � :=@ 9=0 4 2 > . A§@ 2 �� n 4 818�0 4 2 4!61> 0P^193< 61I 4©:R4!6 E @�AK <_°�^1< 7 9 > < 6;: < K_K_4�:R@ 2 ( £ Aq@ 9 > < K_K_4�: < @)6 9 @H>�> ^1232=0 7wv �� n 9?- @ ^ KU7 LN0 7 0 : 0 >�: 0 7 `[< 44!6 < 6 `)0239=0µL�0 :R47 0 >4 X 2=0 4�>�: < @)6 ( ¯ 6 0�F > 0�9=9 @�A �� n 95- 4 9 @ L19=0�23`!0 7wv L1^ :q: .S0u2=093^ KU: 95-O0�2=0Y< 61>�@)6 93<_9 : 0 6;: -/< : . 4: .123005¥ 4 ` @ ^S2 6 0�^ : 23< 61@ Cr<�FH< 6SI C @[7 0 K (
' 0�9=< I)6 0 7¤:R@ 8 @ 93< : <U`)0 KUXW>�@)6 st23C @ 2 7 <_9=Cr<_939 : .10 � � « ' 4!6S@ C 4�KUX)v A < 6 < º @H@ «  ^1930 7µ4�6k

0�0 :R@!616 0 7 0 : 0 >�:R@ 25s KUK 0 7 -/< : . Cr< 6 0�2 4!K»@ < K¶:R@p7 0 : 0 >�:�6 0^ : 2=< 61@ 95812 @H7 ^ > 0 7 L X�: .10 Pt02=Cr< K_4 LL @[@ 9 : 02 4!>> 0 K 0�2 4�:=@ 2 4 81812 @ FH<_C 4�: 0 KUX }
0 0 C 4 - 4"X ( Po<U2=9 : 2=0�9=^ K�: 9 A 2 @ C : .10 A < 6 < º @H@ « 0�FH8�02 Z<_Cr0 6;:D4 2=0 >�@)6 9=<U9 : 0 6;: -/< : .pL @�: . 4!6©4 L19=0 61> 0 @!Aa@ 9 > < K_Kb4m: < @!6 9 4!6S7�4u: - @�Z 6 0^ : 2=< 61@E4 818�0 4 2 4!61> 0@)61KUX?@ 9 > < KUKb4�: < @)6 C @[7 0 K�j ��0 l
(

� ���g .10 g � � 0�FH8�023<_Cr0 6;: <U9 > ^S2=2=0 6;:RKUX ^ 617 02 >�@)6 9 : 2=^ >�: < @)6 < 6 �)4 8 4!6¬4�617 9=. @ ^ K_7 9 :�4 2 :h:R4 E�< 61I7t4�:�4 < 6 � 0�0�K ( ¯ L�0 4 C @!A ���¤-/< K_K L�0?812 @H7 ^ > 0 7 L X 4!6 4�>> 0 K 0�2 4�:=@ 2 4m:h: .S0 � e ¯ D c A�4!> < K < :�X4!617 st230 7�: .12 @ ^ I . : .10  4 2 : . :R@P: .S0 � ^18�02 Z � 7 0 : 0 >�:R@ 2 v]4 81812 @ FS<UC 4m: 0 K�X � K } E�C 4 - 4"X ( g .S00�FH8N0�2=<UCE0 6�: <_9 7 093< I)6 0 7©:R@ CE0 4 9=^1230 4?>�@ C®L1< 6t4�: < @)6¤@!A y ��	q4!617 y ��	 ( £ 6�: .S0Jst239 : 81. 4 9=0 v < : <_9. @ 8�0 7Y:R@ CE0 4 9=^1230Dy ��	f4!617 < AN61@!:v <_Cr812 @ `)0 : .10 > ^1232=0 6;: y ��	fK <UCE< : L Xr45A�4!>�:=@ 2 @!A � 0 ( £ A y ��	®²� 0: .10 6 < : C 4 X L�0h8 @ 939=<_L K 0 :R@ Cr0 4 9=^1230 : .S0ucfe 81. 4 930 4!6S7µ4 930 >@!617 0�FH8�02=<UCE0 6;: < 6 ` @)K `[< 61I?4�6^18 I 2 4!7 0 :R@ : .10 � ^18�02 Z � 7 0 : 0 >�:R@ 2r- @ ^ K_7 L�0 7 0�`!0 K_@ 8N0 7 :R@ 4�:=: 0Cr8 :Y:R@ Cr0 4 9=^1230 : .1<_9 ( £ 64!717 < : < @!6P:R@r4 CE0 4 9=^1230Cr0 6;:D@!A y ��	 v g � � 9=. @ ^ K_7 C 4 E!0 4!6 <UCE812 @ `)0 7 Cr0 4 93^12=0�CE0 6�:D@!A y ��	 (
/10 /�� 0��  5����B¡ �M� ¢ 5»�¦¡1�z�'¢�� 5 ��� 5��z�'� 5»¢O¡1�g .10DcO. @[@)\ 0�FH8�023<_Cr0 6;:"v;KU@H>4�: 0 7 < 6 cO. @[@)\�v Pz2 4!61> 0 7 0 : 0 >�: 9 �� n 8S2 @[7 ^ > 0 7 L X®4d6 ^ >K 0 4 2a230 4!>�:R@ 2K_@[>"4�: 0 7 &)(

0
}

E[C 4 - 4"XWA 2 @ C : .10 7 0 : 0 >�:R@ 2 ( g .10J0#FH8N0�2=<_Cr0 6;: <_9 @!61KUX 9=0 6 9=< : <U`!0 :=@ y ��	Q4!617p: .10



��� � ��� ���"�/� ����� ��� �����
	������� �:���`� ��`� � 0
e 4 2 4 CE0 : 02 
 4!K ^10 aFH8�023<_Cr0 6;:
T
± � ��� ¼ � & � � � �� ��� 	 � &

0 �	� 0�
 � �
«
� 	 � 4 C�� ¯ «

'
" T

± ���	 " � � &
0 � 	 0#
 � A�£ « � � 	 � ^18�02 Z �y ��� � � � } � � � �� � � � �

«
� 	 � 4 C�� ¯ «

'93< 6 � � y ��	 �
&

A�£ « � � 	 � ^18�02 Z �93< 6 � � y ��	 � 0 � & 0 cO. @H@!\g 4 L K 0 &)(+* � � ^1CrC 4 2 XP@�Ao6 0�^ : 23< 61@ Cr<�FH< 6SI 8 4 2 4 CE0 : 0239 :R@r7t4�: 0
4 9=9 @H> < 4�: 0 7 C 4 939 7 <�´B0�2=0 6S> 0 T

± � ��	 4!617 61@!: C 4�:3: 02r0�´N0 >�: 9 ( g .10�23093^ KU: 9 A 2 @ C : .10µcO. @H@)\0�FH8N0�2=<UCE0 6�: 8 Kb4!> 0 4uK <_Cr< : %
K�0 � c � , @)6W: .10qCr<�FH< 6SIY4!61I)K 05y ��	Q@!A9=< 6 � � y ��	�� 0 � & 0 A§@ 2 T ± � ��	�� � � &

0 � 	 0�
 �-/.1< > . K <UCE< : 9MCE<GFS< 61Iu@!A � n�� ���u< 6¤4�: C @ 9=8S.1023< >5@ 9 > < KUKb4�: < @)6 9 (g @ <_Cr812 @ `)05^S8 @)6p: .S<_9i2=0�9=^ K�:"vt>�@)6 9 : 2=^ >�: < @)6�@�Aa4u6 0�- 0�FH8�02=<UCE0 6;:Q4m:i: .10JcO. @[@)\ 9=< : 0q<_9^ 617 0�23- 4 X ( g .10 ' @ ^1L K 0ucO. @H@)\ 0#FH8N0�2=<_Cr0 6;: -/< K_K ^19=0 : - @�7 0 : 0 >�:=@ 2=9 KU@H>4�: 0 7 4�:57 <U9 :�4�61> 0�9 @�A&)(
0
} 4!6S7 0

(
� E[C A 2 @ C : .S0PcO. @[@)\r6 ^ >K 0 4 2�2=0 4!>�:=@ 2 ( ' @ ^1L K 0?cO. @H@)\ -/< K_K 0�FH8 KU@ 2=0 : .10E2 4!61I 0@!A 0 � � 8 93< 6 � � y ��	 8 0 � 0 � < 6 : .10?s12=9 :J: .12300 X 0 4 239 @!A/7t4�:R4�:�4 E[< 61I ( ¯ 6 <_Cr812 @ `!0 7 K <_Cr< :q@ 2CE0 4 9=^1230Cr0 6;:r@!A 9=< 6 � � y ��	 <_9u0#FH8N0 >�: 0 7 4 9 : - @ 7 0 : 0 >�:R@ 2=9E-/< K_K 2=0 7 ^ > 0 : .10p9 X 9 : 0�C 4�: < > 0232 @ 29=< I!6 <Us >4!6;:RK�X (

��� � � 01!$- - A *54 ,�( 67�
!8%'*:9<;/, � . 4  59��� 

Pz2 @ C CE0 4 9=^S2=0Cr0 6;: 9 @!At: .S0
	 � -/< 7H: . 4�: c  D « v < : <_9 E 61@ - 6u: . 4�:a: .S02=0 4 2=0 @!61KUXq: .S2=00 4!>�: <U`)0¥ 4 ` @ ^1239 @!A�6 0�^ : 23< 61@¤j � &�l�( D 0 > 0 6;: 0�FH8N0�2=<UCE0 6�: 9i. 4 `)05Cr0 4 93^12=0 7p4®6 ^1C®L�02 @!A]: .10d8 4 2 4 Cr0 : 02=94 9=9 @H> < 4�: 0 7 -/< : . 6 0^ : 2=< 6S@ Cr<�FH< 6SIu4!617p: .10�9=0 4 2=0593^1CrC 4 23<_930 7 < 6 g 4 L K 0 &!(¹*1(g .S0O9=< I)6h@�A T ± ���	 2=0�C 4 < 6 9�^ 6 E 61@ - 6Y4!KU@)61I -/< : . : .10 : 23^10�` 4!K ^109 @!A 93< 6 � � y ��	V4!617 T ± � ��	 (£ : <_9 61@!: E 61@ - 6 -/.10 : .102 : .10Ycfe³8S. 4 9=0 A�4�>�:R@ 2 T <U9 61@!6HZ�\ 02 @p4�617 -/.10 : .102 ± �� � ± �	 ( £ : <_9. @ 8�0 7E:=@ Cr0 4 9=^1230 : .10930Q8 4 2 4 Cr0 : 0�2=9M< 6YA ^ : ^S2=0 6 0^ : 2=< 61@ 0#FS8�023<_Cr0 6;: 9M9=^ > . 4 9 ' @ ^1L K 0QcO. @H@)\4!617 g � � ( c @ C®LS< 6 < 61I < 6HA§@ 2=C 4�: < @)6qA 2 @ C 4 � @ -  6 02 I!X g .12309=. @)K_7 ¯ 6t4�KUX 9=<U9 %
�  g ¯ , @!AN7t4�:�4A 2 @ C 81. 4 9309 £ 4!617 £3£ @!A � « � vz4u>@ CE8�0 : < : <�`)0 K <_Cr< :�@)6 y ��	 9=. @ ^ K_7 L�0 @ L :�4 < 6 0 7 (g . @ ^ I . : .10O0#F 4!>�: C 4 939¶<U9¶9 : < K_K ^ 6 E 61@ - 6wv): .10 @ 9 > < K_K_4�: < @)6 8 4 2 4 CE0 : 0�2=9 7 0C @)6 9 : 2 4m: 0 : . 4�:: .10 6 0^ : 2=< 6S@ . 4 9dC 4 9=9¦-/.1< > . <_9 61@!: < 61>K ^ 7 0 7 < 6©: .10 �[:R4!617t4 2 7 A @[7 0 Ka@�A e 4 2 : < >�K 0heV. X 9=< > 9 (

� 0�`!02 4�Kw: .10 @ 2=0 : < >4!K C @H7 0 K 9O. 4 `)0qLN0�0 6 812 @ 8 @ 930 7W: . 4�: - @ ^ K_7 < 6S>@ 238 @ 2 4�: 0QC 4 939=<�`)0 6 0�^ : 23< 61@ 9< 6;:R@u: .S0 ��:�4!61714 2 7 A @[7 0 K (
� 6 0 : .10 @ 2=0 : < >4!K C @H7 0 K�: . 4�: - @ ^ K_7 0#FS8 Kb4 < 6: .10W93C 4!KUKO6 0�^ : 23< 61@ C 4 939u<_9 : . 4�:u@!AD: .106 0^ : 2=< 61@ LN0�< 61I 4 A 4.-3@ 2 4�6t4 8 4 2 : < >�K 0 ( g .10 4!6;: < Z 8 4 2 : < >K 0 4�617 8 4 2 : < >�K 0P9 :�4�: 09 @!A A 4 -3@ 2 4!614



��� ���2� 	���� �  � � ��	�� ���� � &
8 4 2 : < >�K 09 4 2=0q< 7 0 6;: < >4!K ( £ A¶: .10 6 0�^ : 23< 61@ - 4 9 4 A 4.-3@ 2 4!6t4 8 4 2 : < >�K 0 v16 0^ : 2=< 61@)K 09=9 71@ ^1L K 0qL�0 :R47 0 >4 X - @ ^ K_7 L�0 4!K_KU@ -�0 7 ( £ 6 6 0�^ : 23< 61@)K 0939 71@ ^1L K 0 7 0 >"4"X)v]: .S0 4!6;: < Z 6 0^ : 2=< 61@ 0�CE< :=: 0 7 L X�: .10LN0 :�4u7 0 >4"XW@!Ao4Y6 0^ : 2 @)6 < 6¤4u6 ^ >K 0^19/<U9 >"4 8 : ^12=0 7©4 9 4Y6 0^ : 2=< 6S@ L Xp4�61@!: .S02 6 0�^ : 2 @)6 < 6W: .109 4 Cr0 6 ^ >K 0^19 (  6 02 I�X 2=0 K 0 4 9=0 7 L X?: .10 : - @ L�0 :R4 8 4 2 : < >�K 09M- @ ^ K_7 L�0d0°�^ 4!Kw:=@®: .10 7 <U´N02=0 61> 0< 6 LS< 617 < 61I 0 6 02 I!X L�0 : -�00 6W: .10d< 6 < : < 4!Kz4�617 s 6t4!K�6 ^ >K 0< ( � L19=0�23` 4�: < @)6W@!A 93^ > . 4h7 0 >"4"X - @ ^ KU7812 @ `[< 7 0 4�6 < 6 9=< I . : < 6;:R@�: .10 6t4�: ^12=0 @!A/: .S0 6 0^ : 2=< 6S@ 4�617 < 6SA§@ 23C 4�: < @)6 4 L @ ^ :®: .10p0�´N0 >�: <U`!06 0^ : 2=< 61@ C 4 939 v `[< 4h: .10 @ L193023`!0 7 0�`)0 6�: 2 4m: 0 (

�[@ CE0¦C @[7 0 K 9 4!K_KU@ - : .10d8 @ 939=<_LS< K < :�Xu@!A»4h6 0^ : 2=< 6S@ -/< : .PC 4 9=9f< Aw: .10 6 0^ : 2=< 61@ <_9 4 ' <_2 4!>8 4 2 : < >�K 0 v < ( 0 ( < : 9u8 4 2 : < >�K 0 4!6S7 4!6;: < Z 8 4 2 : < >K 0?9 :�4�: 09 4 2=0 7 <U9 : < 61>�: ( ¯ ' <_2 4!>P6 0�^ : 23< 61@ - @ ^ KU70�FH<_9 : < 6 * 9 :�4�: 09 vwK 0 A :54!617 23< I . : . 4!617 0 7 6 0^ : 2=< 61@ 9 4!6S7 4!6;: < Z 6 0^ : 2=< 61@ 9 ( g - @p6 0�- 8 4 2 : < >K 09- @ ^ K_7 L�0 4!7S7 0 7®:=@Q: .10 �[:�4�617t4 2 7 A @[7 0 K�v!6t4 Cr0 K�Xq: .10�2=< I . : . 4!6S7 0 7u6 0�^ : 23< 61@d4!617®K 0 A : . 4!617 0 74!6;: < Z 6 0^ : 2=< 61@ ( g .10�9=0 4!717 < : < @!6t4!K 8 4 2 : < >K 09d- @ ^ K_7 L�0r9 : 0�2=< K 0 4 9 : .10Y-O0 4 Eµ< 6;: 02 4�>�: < @)6 9 @)61K�X@H>�> ^12i-/< : .p2=< I . : . 4!617 0 7©4!6;: < Z 8 4 2 : < >K 09 4�617pK 0 A : . 4!617 0 7 8 4 2 : < >K 09 (g .S0 : .1<U2 7P4�617 s 6t4!K 81. 4 930 @!A�: .S0 � « � 0#FS8�023<_Cr0 6;: -/< K_K 812 @ `[< 7 0 4!6 < 6S7 08�0 617 0 6;: Cr0 4mZ9=^1230Cr0 6;:o@�AS: .S0 :=@!:�4!K;6 0^ : 2=< 6S@ ¥t^[Fh^S9=< 6SI 81^S2=8 @ 9=0ML1^1< KU: « 0�^ : 2 4!K cO^12=230 6;: ' 0 : 0 >�:R@ 2=9 %�« c ' 9 ,�(g @)I 0 : .S02d-/< : .µ2=0�9=^ K�: 9 A 2 @ C : .10hst239 :5: - @ 8S. 4 9=0�9 v]: .S<_9Q-/< K_K»>K_@ 9=0 K�X©7 0 : 0�2=Cr< 6 0 : .10 6 0�^ : 23< 61@CE<GFS< 61I 8 4 2 4 Cr0 : 0�2Vy ���f4!6S7?7 <�´B0�2=0 6S> 0/< 6 9=°�^ 4 230 7 C 4 939=0�9 T ± � ��� ( £ : <_9V0#FS8�0 >�: 0 7?: . 4m:�>�@ C®L1< 6HZ< 61I?: .10 7t4m:�4?A 2 @ C : .10 : .S2=00h81. 4 9309 @!A=� « � vN@)61> 0 4!6t4!K�X 93<_9 @!A 81. 4 930 £=£3£ 714�:�4 <U9 >@ CE8 K 0 : 0 v-/< K_K 812 @[7 ^ > 0 4 C @ 2=0 4!>> ^12 4�: 0JCr0 4 9=^1230 @�A¶: .10JcO. 4 2 I 0 7�4!617 « 0^ : 2 4�K cO^12=230 6;: ¥t^HFH09 (
��� ��� � ./�
 59< =�!8%5#<9<;/�g .1<_9 : .1093<_9u<U9 >@)6S> 02 6 0 7 -/< : . 7 0 : 023CE< 6 < 61I�: .10 6 0�^ : 23< 61@ ¥1^HFH09Y< 6 81. 4 9=0 £3£=£ @!A/: .10 �

«
�0�FH8N0�2=<UCE0 6�:v < 6 8 4 2 : < > ^ Kb4 2 : .10 « 0^ : 2 4!K cO^1232=0 6�: ¥t^HF ( g @ 812 @H7 ^ > 0 4!6?4�>> ^S2 4�: 0QCr0 4 93^12=0�CE0 6�:@!Ao6 0^ : 2=< 6S@ ¥t^[F v�4uI)@[@H7 ^ 6S7 0239 :�4�617 < 6SI?4!6S7 Cr0 4 93^12=0�CE0 6;:Q@!A 2 4�7 < @;4�>�: <�`[< :�X < 6W: .10 7 0 : 0 >�:R@ 2<_9W2=0�°�^1<_230 7 ( ¯ 6;X 2 4�7 < @;4�>�: <�`[< :�X < 6 : .10 ' � � >"4!6 2=0 K 0 4 9=0 I;4 CrC 4 9?-/< : .³0 6 02 I <_0�9 I 2=0 4m: 02: . 4!6 � ( �)� } A 0�
 ( g .10�9=0 >"4!6 LS2=0 4 E 4 8 4 2 :O: .10 7 0�^ : 0�2=<_^SC 6 ^ >�K 0^S9i812 @[7 ^ > < 61IY4JA 2300 6 0�^ : 2 @)6 (g .1<_9D812 @[> 0�9=9¦<_9/< 617 <_9 : < 61I ^1<_93. 4 L K 0 A 2 @ C 4 « 0�^ : 2 4!K cO^12=230 6;: 812 @H> 0939 4!617 < : <_9/`[< :R4!Kw: . 4m:¦: .1<_9L 4!> E I 2 @ ^ 617 <U9iCE0 4 9=^S2=0 7©4!>> ^12 4m: 0 K�X ( � 0�`)02 4!K�: 0 > . 6 <_°�^10�9Q^1930 7�:=@ CE0 4 9=^1230 : .1<_9iL 4!> E I 2 @ ^ 6174 2=0581230930 6;: 0 7 < 6W: .S<_9 : .S09=<U9 (¯ 7 0 :�4 < K 0 7u7 09 > 23<_8 : < @)6Y@!Az: .S0 � « � 7 0 : 0 >�:=@ 2V<_9 I <�`)0 6 < 6 cO. 4 8 : 02 � ( g .S0DCr0 : . @[7 9�^19=0 7:R@P7 0 : 0 >�:56 0�^ : 23< 61@ 9d< 6 0 4!> . @!A�: .10 : .12=0�0®81. 4 9309 4 230 @ ^ :=K < 6 0 7wv -/< : .�0Cr81. 4 9=<_9 @)6©: .10 : .S<_2 781. 4 930 ( g .10 > . 4 8 : 0�2 >@)61>�K ^ 7 09a-/< : . 4d7 <_9 > ^1939=< @)6Y@!Az: .10 4 9=9 4"XY4�617 81^123<Us >4�: < @)6 9 X 9 : 0Cr9V^19=0 7:R@ CE0 4 9=^S2=0 : .10q2 4!7 < @)4!>�: <U`)0 >@)6;: 0 6;:Q@!A»: .S0 7 0 : 0 >�:=@ 2D- 4�: 02 (

�[@ ^12 > 09 @�A L 4!> E I 2 @ ^ 617 < 6 : .S0 7 0 : 0 >�:R@ 2 4 2=0 7 <_9 > ^1939=0 7 < 6 cO. 4 8 : 0�2 � ( £ :®7 0 :�4 < K 9�. @ -: .10rC 4 -3@ 2=< :�X @!A L 4�> E I 2 @ ^ 6S7 9 >"4�6 LN0r0 4 9=< K�X 0�F >K ^ 7 0 7 A 2 @ C : .10 6 0^ : 2=< 6S@©7t4�:R4 ^193< 61I¤: .10�<_2> . 4 2 I 0 v¶: <_Cr< 61I¤4!6S7 e A�g 7 <U9 : 23<_L1^ : < @!6 9 ( �[@ ^12 > 09 @�A 2 4�7 < @;4�>�: <�`[< :�X 4!6S7 : .S0<_2�0�´N0 >�:®@)6�: .10



��� ���2� 	���� �  � � ��	�� ���� �)�
0�FH8N0�2=<UCE0 6�:R4!K 2309=^ KU: 9 4 2=0 7 <_9 > ^1939=0 7wv < 6 8 4 2 : < > ^ K_4 2 6 0�^ : 2 @)6 812 @[7 ^ >�: < @!6 `[< 4 81. @!:=@H7 <U9=< 6�: 0 I 2 4mZ: < @!6 ( g - @ Cr0 : . @H7 9q^1930 7�:R@ CE0 4 9=^S2=0 : .1<U9581. @!:=@H7 <_9=< 6;: 0 I 2 4�: < @)6 L 4�> E I 2 @ ^ 6S7 4 230Y812=0�9=0 6;: 0 7< 6 cO. 4 8 : 0239 * 4!617 }H(£ 6 cO. 4 8 : 02 * v�K 0�`)0 K 9 @!A ^12 4!6 <_^1C 4!617J: . @ 23<_^1C��f< 6�: .10 ' � � v « c ' . @ ^193< 61I 9 4!617 e � ^ e��
C � � 4 2=0 7 0 : 02=Cr< 6 0 7 ^193< 61Iq4 9 :�4�: <_9 : < >4!KH714�:�454!614!KUX 9=<U9 : 0 > . 6 <U°�^10 ( g .10iCr0 : . @[7 9a812309=0 6;: 0 7 < 6: .1<U9 > . 4 8 : 0�2 4 2=0J0�F : 0 6 9=< @)6 9 @!A 812=0�`H< @ ^19 : 0 > . 6 <_°�^109 ( g .10 6 ^1ChLN0�2 @!AV6 0�^ : 2 @)6 9d8S2 @[7 ^ > 0 7 <_9>"4!KU> ^ K_4�: 0 7 ^S9=< 6SI A @)6;: 0hc 4 2 KU@ 93<_C®^ Kb4�: < @)6 9 ( g .10�9=0J` 4!K ^109 4 230q9=^1L : 2 4!>�: 0 7©7 <U2=0 >�:RK�X?A 2 @ C : .100�F : 2 4!>�: 0 7P6 ^1C®L�02 @!A « 0^ : 2 4�K cO^S2=2=0 6;:f6 0�^ : 2 @)6 9 ( ¯ 6 < 617 08�0 6S7 0 6;: Cr0 4 9=^1230Cr0 6;:O@�AB: . @ 2=<U^1C< 6 : .10 ' � � 4�617 e � ^ e C � � <U9 @ ^ :RK < 6 0 7 < 6 cO. 4 8 : 02 }H( g .1<_9 > .10Cr< >4!K¦4 9=9 4 Xª: 0 > . 6 <U°[^S00�F : 2 4!>�: 9 4!>�: <U`[< :�X A 2 @ C : .10 ��	�� g . > . 4 < 6 ^193< 61I C X[7 2 @ ^19 g < :R4!6 <U^1C � FS< 7 0 %

C g < � , >@)4�: 0 7s KU: 02=9 v]>@)6S6 0 >�: 0 7 7 <_230 >�:=KUX¤:R@p: .10®- 4�: 02 > <_2 > ^ K_4�: < @)6 9 X 9 : 0�CE9�^ 617 0�2 I 2 @ ^ 617 ( g .S0r0#F : 2 4�>�: 0 74!>�: <U`[< :�X <_9]230C @ `!0 7qA 2 @ C : .10as KU: 0�2=9 vm>�@)61> 0 6;: 2 4�: 0 7®4!617q>�@ ^ 6;: 0 7 ^193< 61I L�0 :R4mZ�4!K 81. 4f>�@ < 61> < 7 0 61> 0>@ ^ 6;: < 61I (g .S0fLN0 :�4mZ�4!K 8S. 4¦>�@ ^ 6;: < 61I 9 X 9 : 0C ^19=0 7 < 6h: .10 4 939 4"XJ: 0 > . 6 <_°�^10f- 4 9a812 @)6 0 :=@QA�4 < K ^12=0 7 ^10:R@ < : 9 7 0�9=< I!6P4!617?4!I 0 ( cO. 4 8 : 02 ¸ 7 <U9 > ^S9=9=0�9 : .S0 7 0�`)0 KU@ 81Cr0 6;:�@!A�4J6 0�- vSKU@ - K 0�`)0 K L�0 :R4mZ�4!K 81. 4>@ < 61> < 7 0 61> 0 >@ ^ 6�: < 61I 9 X 9 : 0�C v < 6;: 0 617 0 7ªA§@ 2 >@ ^ 6;: < 61I 9 4 CE8 K 09 A 2 @ C C g < � 4 9=9 4"X 9 ( g .10930>@ ^ 6;: 02=9/-/< KUK L�0q^19=0 7 < 6p4Y6 ^1C®L�02 @!A»A§@ 2 : . >@ CE< 61I 0�FH8�023<_Cr0 6;: 9 (¯ 9=< I!6 <Us >4!6;:Y4 C @ ^ 6;:®@�A 2 4!7 < @;4!>�: <U`[< :�X - 4 9 7 <U9 >�@ `!0230 7ª@)6: .10?9=^12 A�4!> 0 @!AD@)6 0 @!A/: .10« 0^ : 2 4�K cO^1232=0 6;: ' 0 : 0 >�:R@ 239a^19=0 7 < 6h: .S0i0�FH8N0�2=<UCE0 6�: ( £ : - 4 9 61@!: 0 7®: . 4�: < At: .10 >�@ CE8 @ 93< : < @)6h@�A: .1<U9 4!>�: <�`H< :�X . 4!7 230C 4 < 6 0 7 ^ 6 E 61@ - 6wv < : - @ ^ K_7 . 4 `!0 K 0 7J:=@54!6 ^ 6t4!>> 08 :R4 L K�X .1< I .h9 X 9 : 0�C 4m: < >02=2 @ 2 @)6�: .10 6 0�^ : 23< 61@ ¥t^HF�Cr0 4 93^12=0 7�7 ^123< 61Ir: .10qs 6t4!K 81. 4 9=0 @�Aa: .10 � « � 0#FH8N0�2=<_Cr0 6;: ( g .S07 0�`!0 K_@ 81CE0 6;:Q@!Aa4r> .S0Cr< >"4�Kw: 0 > . 6 <_°�^10�L X¤: .10 4 ^ : . @ 2 :R@r7 0 : 023CE< 6 0 : .10 >@ Cr8 @ 9=< : < @!6W@!Ao: .1<_99=^12 A�4!> 0 >@)6;:�4 CE< 6t4�: < @)6 <_9 7 09 > 23<_L�0 7 < 6 cO. 4 8 : 02 ¼H(
Po< 6t4�K_KUX!v - @ 2 E�812=0�9=0 6;: 0 7 < 6 cO. 4 8 : 02 k

< 6 `)0�9 : < I;4�: 09 : .10 A 0 4 93<_L1< K < :�Xh@!Aw4 e A�g @!61KUX Cr0 4 93^12=0�CE0 6;:O@!AN: .10 « 0�^ : 2 4!K cO^12=230 6;: ¥1^HFr< 6Y: .10s 6t4!K 81. 4 9=0 @!A»: .10 � « � 0�FH8�023<_Cr0 6;: (

�����
	��	�����	�	�����������������	�	�������	����������! "�#����$��%�#&'��$#()	��������%�#&*�
���+�#���!(,������������	����
$#(���-.���0/2143�56�7��$#(8/�9�:!;=<
(#�
������	��>�?�>@BA#���0	��#�BC�����C��D�����0�
-FEG��&�C#����������$,�%	+���+�������#&H��(8	��#��	I	����>JK�
�����%$L�!MD���N<N�%O����N��&QPF�%	��R/�S�/�;=�R�
$#(
/�S�:>T PF����E?�U�N$,V��XWY���Z���!$��>�?�
<N<NJ[$��
	�	�������@=;=���+&B�
�N$8EG��$#���!MD���>$�EG�I�
-\	����N���N���B���N��$#�^]�E!�
$D	�(��%_"�!���!$#EG�`�%$)	����
&�������������([EG��$#EG�!$D	��?��	��N��$a�
- T E?�#���%$a��E2	��%b��%	cJB�%$a	����Id / We��$#(af / We(�����	��HgZ$h�N$������!���! ����!����<%	��N$���N$h����N�����!�
$#�>��	�����$hO#��E?i���������$#(j@

k�l6m ;nV��#C�C�����	�V�	����#E2	������



� � ��� ���	� 


� � � �� � � �������������

¯ 9 7 <_9 > ^1939=0 7 < 6 cO. 4 8 : 0�2 & v�: .10 � ^ 7 L1^S2 X « 0�^ : 23< 61@ � L19=0�23` 4�:=@ 2 X %
�
«
�
, 0�FH8�023<_Cr0 6;: - 4 97 0�`!0 K_@ 8N0 7 :R@¤7 0 : 0 >�: 9 @)Kb4 2 6 0^ : 2=< 6S@ 9 4!617 :=@ < 6 `)09 : < I;4�: 0 : .10E9 @)Kb4 2 6 0^ : 2=< 6S@ 812 @ L K 0C ( g .S00�FH8N0�2=<UCE0 6�: - 4 9 7 <�`H< 7 0 7 < 6�:=@: .12300 81. 4 9=09 vd6t4 Cr0 K�X)v 81^1230 ' � � v 9 4!K�:¤4!617 « c '

( £ 6 : .1<_9> . 4 8 : 02 v1: .10581. X 9=< > 9 @!A¶6 0^ : 2=< 61@u7 0 : 0 >�: < @!6 < 69�
«
� -/< KUK L�0 @ ^ :=K < 6 0 7wv -/< : .p0�CE81. 4 9=<U9 @)6W: .10: .1<U2 7 81. 4 930 @�A�: .10Y0�FH8N0�2=<UCE0 6�:v -/.S< > .�<_95C @ 9 : 2=0 K 0�` 4�6�:q:=@p: .1<_9 : .1093<_9 ( c 4!K <_L12 4�: < @)6�@!A�: .107 0 : 0 >�:=@ 2 4!6S7 < 6 938N0 >�: < @)6�@!AM7t4m:�4 °�^ 4!K < :�X <_9¦L12=<U0�¥ X�7 <U9 > ^S9=9=0 7 ( g .10 > . 4 8 : 02 >�@)61>K ^ 7 0�9d-/< : .4Y7 09 > 2=<U8 : < @)6p@!A¶: .10 4 9=9 4"X¤4!617 81^12=<�s >"4m: < @!6 9 X 9 : 0Cr9 4!6S7¤: .10<U2i2=0 K 0�` 4!61> 0 :R@u: .1<U9 : .10�9=<U9 (

�
«
� - 4 9 4 .10 4 ` X - 4m: 02 %

' � � ,
�cO02=0 6 E @ ` 7 0 : 0 >�:=@ 2 >4 8 4 L K 0 @�Aq7 0 : 0 >�: < 61I4!K_Ki: .S2=00¥ 4 ` @ ^1239 @!A�6 0^ : 2=< 61@1v < 617 0�8N0 617 0 6�:=KUX @�A 0 K 0 >�: 2 @)6 6 0^ : 2=< 61@ ¥t^HF ( �

«
��� 9 :R4 2 I 0 : - 4 9 &

0�0�0:R@)616 09 @!A ' � � .10 K_7 -/< : .1< 6µ4 } > C : .1< > E & � C 7 < 4 CE0 : 0�2 4!> 2 X[K < > `!09=930 K ( £ 6 9=< 7 0 : .10 4!> 2 XHK < >`)0939=0 K
v57 ^123< 61I : .10 : .1<U2 7 81. 4 930 v *
0 9 : 23< 61I 9 @!A « 0�^ : 2 4!K cO^1232=0 6;: ' 0 : 0 >�:=@ 2=9 %�« c ' 9 , -�02304!61> . @ 230 7 ( g .S0Q`)0�9=9=0 K - 4 9f9=^S2=2 @ ^ 617 0 7 L X &�¼

0 0 :R@!616 09 @!A ^ K�: 2 4 81^1230Q- 4�: 0�2 %
C � � , 4!6S7 K

*�}!¸
81. @!:=@ C®^ K�: <_8 K <_0�2 : ^1LN0�9 % e A�g 9 , C @ ^ 6;: 0 7h@!6h4DI 0 @[7 093< > 9=^18S8 @ 2 : 9381.10�2=0 ( g .10�230 I < @)6 LN0 : -O0�0 6: .10r9=^18S8 @ 2 : 9 : 23^ >�: ^12=0 4!617 : .10 >"4 `[< :�X - 4!K_K - 4 9Js K_K 0 7 -/< : . 4 818S2 @ FH<_C 4�: 0 KUX }

� 0�0 :R@)616 09 @�A^ KU: 2 4 81^12=0 C � � ( g .10J81^12=8 @ 930 @!Aa: .10930 : - @ C � � 2=0 I < @)6 9/- 4 9 :=@ 2=0 7 ^ > 0h2 4�7 < @;4�>�: <�`[< :�X?A 2 @ C9 @ ^12 > 0�9 @ ^ : 93< 7 0 : .10 ' � � ( g .10 � « � 0#FS8�023<_Cr0 6;: - 4 9 K_@[>"4m: 0 7 ^ 617 0�2 I 2 @ ^ 617 < 6�: .10Yc 
 D ' Z£ « c � cO2=0�< I . :=@)6 A < 6 0 v � ^ 7 L1^12 X)v � 6;:�4 23< @1v c 4!614!7t4Svz4�:¦4Y7 08 : . @!A � 0 � K C ( ¯ :/: .1<_9 7 0�8 : . v: .10 61@ 23< : 0M2 @H> E @ `!02=LS^12 7 0 6 <_9�0�°[^S<U` 4!K 0 6;:»:=@ }!k
K�0 C @!A - 4�: 02 ( g .10M2 @[> E59=.1<U0 KU7 0 7q: .10 7 0 : 0 >�:R@ 2A 2 @ C >�@ 9=Cr< > 2 4"X 9 4�617 C®^ @)6 9 v 2=0 7 ^ > < 61I�: .10¦C®^ @)6 ¥t^HF :R@h4 81812 @ FS<UC 4m: 0 K�X ¼

0 0�`!0 6;: 9f8�02 7t4"X (¯ & � CE0 : 2=0 7 < 4 CE0 : 02 4!> 2 X[K < > 9381.10�2=0Q- 4 9O^S9=0 7P:=@h>�@)6;:�4 < 6E: .S0 ' � � 4!6S7E:R@ 0 6 93^12=0 : . 4�:< :�7 < 7�61@!:J>@ CE0r< 6;:R@¤>@!6�:R4!>�: -/< : . : .10?93^12=2 @ ^ 617 < 61I C � � ( ¯ 9381.1023< >4!K�7 09=< I)6 - 4 9 > . @ 9=0 6A§@ 2 : .10 >�@)6;:�4 < 6 Cr0 6;: `!09=930 KB:=@ C 4 FH<_Cr<_9=0 : .10Q93^12 A�4!> 0 :R@ ` @)K ^1Cr0Q2 4m: < @J4!617E:R@®@ 8 : <_Cr<_930/9 : 2309397 <_9 : 2=<UL1^ : < @)6 ( g .1<U9O2=0 7 ^ > 0 7W: .10 4 C @ ^ 6;:O@�A�4!> 2 X[K < >D6 0�0 7 0 7p4!617?: .[^S9 : .10¦2 4!7 < @;4!>�: <�`)0 >@)6;: 0 6;:@!Ai: .10 7 0 : 0 >�:=@ 2 ( g .S0W9=81.10�2=0P- 4 9 >�@)6 9 : 2=^ >�: 0 7¬A 2 @ C & �)� < 617 <�`H< 7 ^ 4!KM4!> 2 X[K < > 8 4�6 0 K 9 v -/.1< > .-O0�2=0 61@ CE< 6t4!K_K�X }H(¹¸ > C : .1< > E v -/< : . : .10Q0#F > 08 : < @)6W@�A & 0 2 @ 8N0 I 2 @ `)0Q8 4!6 0 K 9f< 6E: .S0d0°�^ 4�:=@ 2=< 4!K8 Kb4!6 0 : . 4�: -�0230 &)&)(+* > C : .1< > E ( g .10J9381.10�2=0h. 4!7©4Y> 0 6;: 2 4�K_KUX 8 Kb4!> 0 7 �36 0 > E � v ¸H(~k C :�4�K_K]4!6S7� �



�2� � � �� � ��� � � � � ���?� H��	����� � *

D  O2

Po< I ^1230 � (U& � �H> .10C 4�: < >5@!A»: .10 � « � 7 0 : 0 >�:R@ 2 (&)(�} C < 6r7 < 4 CE0 : 0�2 ( g .S<_9 4!K_KU@ -�0 7r>"4�K <_LS2 4�: < @)6 9 @ ^12 > 09 4!617E: .10 « 0^ : 2 4�K cO^S2=2=0 6;: ' 0 : 0 >�:R@ 239 :R@LN0 7 08 KU@�X 0 7 < 6;:=@Q: .10 ' � � ` @)K ^SCE0 ( £ 6Y4!717 < : < @)6wv 81<_8S< 61IQA§@ 2o2=0 > <U2 > ^ Kb4�: < @)6h4!617Y4 939 4"X 81^S2=8 @ 9=0�90 6;: 0�2=0 7¬4�617 0�FH< : 0 7 : .10 ' � � ` @)K ^SCE0 : .12 @ ^ I . : .1<_9 6 0 > E ( g .S0 �
«
� 7 0 : 0 >�:R@ 2®<_9J9=. @ - 6 < 6

Po< I ^S2=0 � (�& j � � l�( £ 6©: .1<_9 > . 4 8 : 02 vB: .S0 6 0�^ : 23< 61@E7 0 : 0 >�: < @)6 CE0 : . @[7 9 4!617�7 0 : 0 >�:R@ 2 7 093< I)6©4 2=07 <_9 > ^1939=0 7 ( Po<_239 :"v�: .S0f81.10 61@ Cr0 61@)6h@!A �cO0230 6 E @ `®2 4!7 < 4�: < @)6wv : .S0O8123< 61> <_8 K 0�L�0.1< 617h: .10 7 0 : 0 >�:R@ 27 093< I)6wv -/< K_K LN0 7 <U9 > ^S9=9=0 7 (
�1� � �� �
*'�
;�� ,B@ ��A 2$9&A %'9&, ;

@ .10 6 0 6 0�2 I 0 : < >5> . 4 2 I 0 7 8 4 2 : < >�K 09i8 4 9=9 : .S2 @ ^ I . 4®7 <_0 K 0 >�: 2=< > Cr0 7 <U^1C -/< : .p2=0 A 2 4!>�: <U`!05< 617 0�F
M 4m:Q4 `)0 K_@[> < :�XPI 2=0 4�: 0�2 : . 4!6¤: .10q9=8�00 7�@!AoK < I . : < 6W: . 4�: Cr0 7 <U^1C % ��� M , v 0 4�> .©8 4 2 : < >K 050�CE< : 9



�2� � � �� � ��� � � � � ���?� H��	����� � }
4 >@ .S02=0 6;: - 4 `)0 A 2 @)6;:p@!AqK < I . : ( g .1<U9P<_9DE 61@ - 6 4 9 : .S0 �cO0230 6 E @ `�0�´N0 >�:v/6t4 Cr0 7 4�A : 02?< : 97 <_9 >@ `)0�2=02 ( g .10q- 4 `)0 A 2 @)6;:dA§@ 2=Cr9 : .10�9=^12 A�4!> 0 @!A�4Y>@!6 0 v -/< : . : .10J8 4 2 : < >K 0 : 2 4.- 0 >�:R@ 2 X¤4 9¦< : 94 FH<_9 v 9=^ > . : . 4�: >�@ 9zy � �

� M-/.10230 � <U9 : .10�9=8�00 7©@!AoK < I . : < 6 ` 4!> ^ @Sv�� <_9 : .S0�8 4 2 : < >K 0 � 9i`)0 KU@H> < :�X < 6p: .10qCr0 7 <U^1C 4!6S7 M <_9: .10q2=0 A 2 4!>�: <�`)0q< 617 0�F @�Ao: . 4�: CE0 7 <_^SC ( £ 6 ' � � v M
� & � � � (

 K 0 >�: 2 @)6 9h812 @H7 ^ > 0 7 < 6�: .10 �
«
� 7 0 : 0 >�:R@ 2h-/< : . 0 6 0�2 I <U09 I 2=0 4m: 02 : . 4�6 : .10 �cO0230 6 E @ `: .12309=. @)K_7 0�CE< : 81. @�:R@)6 9d-/< : . 4 �cO0�2=0 6 E @ ` 4!61I)K 0 @!A�4 818S2 @ FH<_C 4�: 0 KUX * � � ( g .10Y0 K 0 >�: 2 @)6 9d-/< KUK812 @[7 ^ > 0 �cO0�2=0 6 E @ ` K < I . : ^ 6;: < Ko: .S0<_2Q0 6 0�2 I!X 7 2 @ 8195L�0 KU@ - : .S0 �cO0�2=0 6 E @ ` : .123093. @)K_7 @!AO4 L @ ^ :� ¸ � E�0�
 (S« 0�^ : 23< 61@ < 6;: 02 4!>�: < @)6 9O< 6E: .10 ' � � 8S2 @[7 ^ > 0 �cO02=0 6 E @ ` K < I . :V: . 4m: <_9 7 0 : 0 >�: 0 7 L XP4�64 2=2 4 X?@!A 8S. @!:R@ C®^ KU: <_8 K <_0�2 : ^1LN0�9 (  4!> . @!A¶: .10930 6 0^ : 2=< 6S@ < 6�: 02 4!>�: < @)6 9O<_9 61@ - 7 <U9 > ^19=930 7 (

3 0 /10 / � 9d����� 5 < � �d�t��5»¢O¡g .10JcO. 4 2 I 0 7 cO^12=230 6;: % cic , < 6;: 02 4!>�: < @)6 <U9i9=0 6 9=< : <U`!0 :R@ 0 K 0 >�: 2 @)6W:�X 8N0 6 0�^ : 23< 61@ 9 @!61KUX� n · ' ; 8 · 8 · 0 � % � (�&�,-/.10230 ' <_9 : .10 7 0�^ : 0�2=<_^SC 6 ^ >K 0^19 ( g .10r< 6;: 0�2 4!>�: < @!6 812 @H> 00 7 9�`[< 4 @ � 0�F > . 4!6SI 0 4!6S7 . 4 94Y: .12=0�9=. @)KU7©@!A &)(+*)*
A 0�
 ( g .10J0Cr< :3: 0 7 812 @!:R@!6 9 4 2=0�09=930 6;: < 4!K_K�X 812 @H7 ^ > 0 7©4�: 2=09 :"v <_Cr8 K�X < 61I: . 4�:M: .S0¦0 6 02 I!X?@�AB: .S0Q2=0 >@ < K 0 K 0 >�: 2 @)6 <_9M0�´N0 >�: <U`!0 KUX &)(+*)*

A 0�
 K 0�9=9 : . 4!6r: . 4�:�@!Aw: .10Q< 61> < 7 0 6;:6 0^ : 2=< 61@ ( g .1<_9J2=0 K_4�: < @)64�K_K_@ -/9 : .S0P0 6 0�2 I!X 9=8�0 >�: 23^1C @�Ai: .10 C º 9 @)K_4 2 6 0^ : 2=< 61@ ¥t^HF :=@ LN07 0 : 02=Cr< 6 0 7 (g .S0 4!61I ^ Kb4 2 7 <_9 : 2=<UL1^ : < @)6p@!Ao: .10�2=0 >�@ < K 0 K 0 >�: 2 @)6 <U9D-�0 4 E K�Xp>@ 232=0 Kb4�: 0 7�:=@r: .10 7 <_230 >�: < @)6@!A¶: .10q< 61> < 7 0 6;:/6 0^ : 2=< 61@ -/< : . : .S0 A§@ 2=C
�
% y�� , L & � � n

� � >@ 9zy�� % � ( � ,-/.10230 >@ 9zy�� <_9 : .10 >�@ 9=< 6 0 @�AO: .S0 4!6SI)K 0 @!A�: .10 7 <_230 >�: < @!6 @!A�: .10E2=0 >@ < K 0 K 0 >�: 2 @)6 2=0 K_4�: <�`)0 :R@: .10 � ^ 6wv�� n <_9 : .10P< 6 < : < 4!K 9=8�00 7¬@!A/: .10P230 >�@ < K 0 K 0 >�: 2 @)6¬4!6S7 � <_9 : .10P938N0�0 7¬@!ADK < I . : < 6: .10CE0 7 <_^1C j � &�l
( g .10¦2=0 >@ < K 0 K 0 >�: 2 @)6 9 4 2=0D0Cr< :=: 0 7 -/< : .E9=^6B > <_0 6;: 0 6 02 I!XY:R@ 812 @[7 ^ > 0 �cO0230 6 E @ `K < I . :54!617 : .1<U9�<U9 7 0 : 0 >�: 0 7 L Xµ: .10re A�g 4 232 4"X ( £ Af61@¤6 0�^ : 23< 61@¤@ 9 > < KUKb4�: < @)6¤:�4 E�09h8 Kb4!> 0 v]: .106 ^SC®LN0�2 @!A < 61>@ CE< 61IP6 0�^ : 23< 61@ 95Cr0 4 9=^1230 7 L Xµ: .1<_958S2 @[> 0939q9=. @ ^ K_7 0°�^ 4!Ka: . 4�: 81230 7 < >�: 0 7 L X: .10 �[:R4!617t4 2 7 �H@)Kb4 2 A @H7 0 K (
3 0 /10�3 7© '����¡t��� � �]�o¡H¡65��z�3¢	�g .10®0 K_4 9 : < > 9 >4�:=: 02=< 61I 812 @H> 09395<_9Q930 6 93< : <U`)0 :R@W4!KUK]: .12300h¥ 4 ` @ ^12=9 @!AV6 0^ : 2=< 61@ ( C @ -O0�`)0�2 v]: .10> 2 @ 9=9 Z 9=0 >�: < @)6PA§@ 2f0 K 0 >�: 2 @)6?:�X 8�0 6 0^ : 2=< 61@ 9f<U9 4 818S2 @ FH<_C 4�: 0 KUX ¸S(~} : <UCE0�9 Kb4 2 I 0�2 : . 4!6P: . 4m:OA§@ 2 4



�2� � � �� � ��� � � � � ���?� H��	����� � ¸
C®^ @)6p@ 2 :R4 ^ :�X 8�0 4 9/< : C 4"X 812 @[> 0�0 7 L X�� � @ 2 @ � 0#F > . 4!61I 0 v� �O·�% � ; � �f·@% � % � ( � ,-/.10230 �u<_9 4!6;X ¥ 4 ` @ ^12 @!At6 0�^ : 23< 61@ ( g .1<U9¶812 @H7 ^ > 0�9 4!6 0 6 02 I 0 : < > 0 K 0 >�: 2 @)6h: . 4�:»: 0 617 9 :=@¦: 2 4 `)0 K< 6�: .S0u9 4 Cr0 7 <U2=0 >�: < @)6 4 9 : .10u< 61> < 7 0 6;:q6 0^ : 2=< 61@ ( g .10 4!61I ^ Kb4 2 7 <_9 : 2=<UL1^ : < @)6©@�AM: .10u0 K 0 >�: 2 @!6<_9O9 : 2 @)61I)K�XE>�@ 2=230 K_4�: 0 7P:R@h: . 4�:f@�A»: .10d< 61> < 7 0 6;:f6 0^ : 2=< 6S@1vS>�@)6 st23CE< 61IJ: . 4�:f: .10930 6 0^ : 2=< 61@ 9 7S@>@ Cr0 A 2 @ C : .S0 � ^ 6 ( ¯ 9 : .1<U9¶<U9 4 9 >4�:=: 02=< 61I 8S2 @[> 0939 v!: .10230O<U9 61@D: .123093. @)K_7®4!617 < : 9 7 <U´N0230 6;: < 4!K> 2 @ 9=9 Z 9=0 >�: < @)6¤>"4!6 LN0q°�^ @!: 0 7¤7 <_230 >�:RKUXEA 2 @ C 0 K 0 >�: 2 @ -�0 4 E : .10 @ 2 X j � � l ������� n � ��I �K ± n

*
�	� �

+ · � �
 x & � � n6 { | � �
+
� 
 x ± n � n6 �{ |�� % � (+*�,�

+

� x
�

&� · 93< 6 � y� | J � 
 � 9=< 6 � y� J 9=< 6 � y� � 0 � � �
3 0 /10� � 5»�¦¡S�t�V  � �d�t��5»¢f¡g .10 « 0^ : 2 4�K cO^12=230 6;: %�« c , 812 @H> 09=9��� �f· ' ; � �O· 8 ·ª6 % � (~}),<_9i0°�^ 4�K_KUX 9=0 6 9=< : <U`!0 :=@?4!KUKB: .S2=00 4!>�: <U`!05¥ 4 ` @ ^1239 @�Aa6 0�^ : 23< 61@1v -/.S02=0L�µ<U9 4�6�X ¥ 4 ` @ ^12 @!Ao6 0^ Z: 2=< 61@ ( g .S0�0 6 02 I!XP: .12=0�9=. @)KU7p@!A�: .1<U9i812 @[> 0�9=9/<_9f930 : L XP: .S05L1< 617 < 61I 0 6 02 I!XW@!A�: .S0 7 0^ : 02=<U^1C6 ^ >K 0�^19 v � ( �)� } A 0�
 ( g .S0J230 4!>�: < @!6�71@ 09 61@!: 812 @H7 ^ > 0 �cO02=0 6 E @ ` K < I . :/7 <_2=0 >�:=KUX)v LS^ : < : <_9 7 0 Z: 0 >�: 0 7 L Xp>"4 8 : ^123< 61I®: .10 A 2=0�0 6 0^ : 2 @)6 812 @[7 ^ > 0 7 ( g .12300�CE0 : . @[7 9i. 4 `!0JL�00 6 ^1930 7¤:R@Y7 0 : 0 >�:: .1<U9 A 2=00 6 0�^ : 2 @)6wv 0 4!> . @)6 0 >@ 232=0938 @!617 < 6SIr:=@E4 81. 4 9=0 @!A»: .10 � « � 0�FH8�02=<UCE0 6;: (£ 6¬: .S0¤8S^12=0 ' � � 81. 4 930 @!AD: .S0¤0#FH8N0�2=<_Cr0 6;:vM: .10 A 2=00 6 0�^ : 2 @)6 - 4 9 >4 8 : ^S2=0 7 L X : .107 0^ : 023<_^1C 6 ^ >K 0^19 A§@ 2=Cr< 61I�4!6 0�F > < : 0 7 9 :�4m: 0 @�Ad: 23< : <U^1C ( g .1<_9r0�F > < : 0 7 9 :R4�: 0 7 0 >4 X 0 7 :R@< : 9 I 2 @ ^ 617 9 :R4�: 0WL X 0Cr<_9=93< @)6 @!A¦4 ¸S( � } A 0#
 I;4 CrC 4 ( g .1<_9 I;4 CrC 4 c @ CE8 :R@)6 9 >"4�:3: 0230 7wv812 @[7 ^ > < 61I 0 K 0 >�: 2 @!6 9 : . 4�:/I 0 6 0�2 4�: 0 7 �cO02=0 6 E @ ` K < I . : (

P @)KUK_@ -/< 6SIh: .10�81^1230 ' � � 81. 4 9=0 v � :R@)6S6 09 @!A ^ KU: 2 4 81^12=0q9 @H7 <U^1C > . KU@ 2=< 7 0 %�« 4 c K , -�02304!717 0 7�:=@¤: .10 ' � � :=@ <UCE812 @ `)0 6 0�^ : 2 @)6 7 0 : 0 >�: < @)6 0 B > <U0 61>�X�4!617 : .10 4 C @ ^ 6;:q@!A �cO0230 6 E @ `K < I . : 812 @H7 ^ > 0 7 (�« 0^ : 2 @)6p>4 8 : ^S2=0 @)6 	 � c K 812 @[7 ^ > 0 7¤4!6 0�F > < : 0 7 9 :�4m: 0 @!A 	 � c K -/.1< > .p2=0 Kb4 FH0 7:R@ < : 9 I 2 @ ^ 617 9 :�4�: 0 : .12 @ ^ I . 4PI)4 CEC 4E>4 9 >4!7 0 ( g .10 :=@!:�4!K 0 6 02 I�Xµ@!A�: .S<_9 >4 9 >4!7 0u- 4 9 kS(~¸
A 0�
 ( ¯ I;4 < 6wvM: .10930 I)4 CEC 4 9rc @ Cr8 :=@)6 9 >"4m:=: 0�2 v 8S2 @[7 ^ > < 61I 0 K 0 >�: 2 @)6 9 >4 8 4 L K 0 @!A 0�CE< :=: < 61I
�cO02=0 6 E @ ` K < I . : (¯ :?: .10�0 617 @!A5: .10�9 4�KU: 81. 4 930 v/: .10 ' � � - 4 9 7 0 Z 9 4!K < 6t4�: 0 7 ^193< 61I4 2=0�`)0239=0 @ 93C @ 93<_9^ 6 < :?4!617 4!6�4 2=2 4"Xª@!A *

0
« 0�^ : 2 4!K cO^12=230 6;: ' 0 : 0 >�:R@ 239 %�« c ' 9 , - 4 9 7 0�8 K_@ X 0 7 < 6ª: .10 ' � �2=0 I < @)6 ( g .10 « c ' 9 4 230 	 C¦0O812 @ 8 @ 2 : < @!6t4!K�>@ ^ 6�: 0239a-/.1< > . >4 8 : ^S2=0 6 0�^ : 2 @)6 9o`[< 4¦: .10 A§@)K_KU@ -/< 61I2=0 4�>�: < @)6 � 	 CD0 ·¬6 ; 8 · 	 C · ¼!¸!*

E!0#
 ( % � (¹¸;,



�2� � � �:� ��	=��� ����	��� � �� � 	���	=� � � ¼
g .10h< @)6 <_9 4�: < @)6 812 @H7 ^ > 0 7 L X¤: .10�812 @!:=@)6�4�617�: 2=< :=@)6 - 4 9 7 0 : 0 >�: 0 7 L X¤4r> 0 6�: 2 4!K¶4!61@[7 05-/<_230 v812 @[7 ^ > < 61Ih4 81^ K 9=0 ( ' ^S2=< 6SIJ: .S0 « c ' 8S. 4 9=0 vt4 93C 4!KUKz6 ^SC®LN0�2 @!A�6 0^ : 2 @)6 9�-O0�2=0 >4 8 : ^S2=0 7 L X7 0^ : 023<_^1C 6 ^ >K 0�< v < 7 0 6�: < >4!K�:=@®: .1058S^12=0 ' � � >"4 9=0 7 0�9 > 23<_L�0 7¤4 L @ `)0 ( g .1058 @!: 0 6;: < 4!KB@!A ^193< 61I: .1<U9i812 @[> 0�9=9 :R@ 812 @ `[< 7 0 4 Cr0 4 93^12=0�CE0 6;:¦@�A¶: .10 « c ¥1^HF¤<_9 7 <U9 > ^19=930 7 < 6 cO. 4 8 : 02 kS(g .S0 « c�2=0 4!>�: < @)6?I <U`!09 6 0�< : .102�9=8�0 >�: 2 4!KN61@ 2 7 <_230 >�: < @)614!K < 6SA§@ 23C 4�: < @)6r4 L @ ^ : 9 @)K_4 2 6 0^ Z: 2=< 61@ 9 ( C @ -�0�`!02 v < : <_9¶<_Cr8 @ 2 :�4!6;: < 6®: . 4�: < :a71@ 09 I <�`)0 4 ¥ 4 ` @ ^12�< 617 08�0 6S7 0 6;: Cr0 4 93^12=0�CE0 6�:V@�A: .10 :R@�:�4!K]6 ^1C®L�02 @!A 9 @)K_4 2 6 0^ : 2=< 61@ 9 ( c @ Cr8 4 23<_9 @!6¤@�Ao: .S0 « c < 6;: 02 4�>�: < @)6 2 4�: 0q-/< : . : . 4m:¦@�A: .10Ycic�< 6�: 02 4!>�: < @)6 2 4�: 0J812 @ `[< 7 09 4 C @H7 0 K < 617 0�8N0 617 0 6�: Cr0 4 9=^1230Cr0 6;:5@!A ¥ 4 ` @ ^12 > . 4!6SI < 61I9 @)K_4 2 6 0�^ : 23< 61@�@ 9 > < KUKb4�: < @)6 9 ( ¯ 61@!6HZ ^ 6 < :�X 2 4�: < @µ@!A « c :=@ cic�0�`)0 6;: 9?< 617 < >"4�: 09 : . 4�:r61@)6HZ0 K 0 >�: 2 @)6 :�X 8�0 6 0�^ : 23< 61@ 9 4 2=0E2=0 4�> .1< 61I�: .10  4 2 : . A 2 @ C : .10 � ^ 6wv 93^1818 @ 2 : < 61I©: .10 : .10 @ 2 X @�A¥ 4 ` @ ^12 > . 4�61I < 6SIr6 0^ : 2=< 6S@E@ 9 > < K_Kb4m: < @!6 9 (
�1� � � ./, %5,�- !$#&%59��$#<9 �
* � !$3 �
 g .10 C 4 C 4 C 4�: 93^ D &"*

0�K 8S. @!:R@ C®^ KU: <_8 K <_0�2 : ^1L�0 % e A�g , - 4 9W9=0 K 0 >�: 0 7 A§@ 2?^19=0µ< 6h�
«
�
( £ :>@)6 93<_9 : 0 7p@!A»4�6 0�` 4!> ^ 4m: 0 7pI)K_4 9=9�9=.10 K_K -/. @ 9=05< 616 02O9=^12 A�4!> 0d- 4 9 >@ `!02=0 7 -/< : . 4h: .1< 6PK_4"X 02 @�A81. @!:=@H>4�: . @[7 0 ( e�. @!:=@)6 9D< 61> < 7 0 6�: ^18 @)6p: .1<U9 Kb4"X 0�2 K <_L�02 4m: 0 7 0 K 0 >�: 2 @)6 9/`H< 4®: .10�81. @!:=@ 0 K 0 >�: 23< >0�´N0 >�: ( g .10r°�^ 4!6;: ^1C 0�B > <_0 61>�X�@!A�: .1<U9�8S. @!:R@[>"4m: . @[7 0Y- 4 9 � &

0�� A§@ 2q- 4 `)0 K 0 6SI!: .19J< 6 : .102 4!61I 0 @�A � } 0 Z } 0�0 6 C j � *ml
( g .10r9=< I!6t4!K - 4 9 4 CE8 K <Ust0 7�: .12 @ ^ I . 4p6 < 6 0 > . 4 < 6�7SX[61@H7 0E9 :�4!> E-/< : . 4r:=@!:�4!K]I)4 < 6¤@!A &
0��

(
 4!> .µe A�g - 4 9Q9=^S818 K <U0 7 -/< : . 4 ` @)KU:R4!I 0q< 6¤: .10�2 4!6SI 0 &�¼

0�0 Z � & 0�0

 : .12 @ ^ I . 4 93< 61I)K 0 ¼)}

� >"4 L K 0i-/.1< > . 4!K 9 @q>@)616 0 >�: 0 7?: .10¦e A¤g :R@q: .10 A 2 @!6�: 0 617 0 K 0 >�: 2 @)6 < > 9 (g .10 >@!616 0 >�: < @)6 4�:Q: .10®L 4 9=0 @!A�: .10ue A�g - 4 95C 4�7 0h^193< 61IP4 - 4m: 023812 @[@!AV>�@)616 0 >�: < @)6 -/.1< > .- 4 9�9=0 4!K 0 7 -/< : .E.S0 4�: 9=.123< 6 E : ^1L1< 6SIh4!6S7E: .S02=C 4!K�4!7 .S09=<�`)0 ( g .10 >4 `[< :�X < 6 9=< 7 0 : .10¦0 61>�K_@ 93^12=0- 4 9is KUK 0 7 -/< : . 4u7 <_0 K 0 >�: 23< > 93< K < >@)6 0 I 0 K -/.1< > . 4!>�: 0 7�4 9 4 930 >�@)617 - 4�: 02D9=0 4!K (
�]0�`)0 K 9 @!A ��	 C ^ 4!6S7 ��	�� g .�< 6µ: .10Ye A�g 9J-�0230 � & � 0 61I 	 I ��	 C ^ %

K�0�� c � , 4�617 � K�061I 	 I ��	�� g . %
K�0�� c � , vz4 81812 @ FS<UC 4m: 0 K�XW4®A�4!>�:R@ 2 @!A &"* K_@ -�02 : . 4�6¤: .10 K 0�`!0 K 9D938N0 > <�st0 7 < 6W: .10@ 2=< I < 6t4�K]7 093< I)6 2308 @ 2 :Yj � } l
( g .10930 KU@ - K 0�`!0 K 9¦-�02=0 4�> .1<_0�`)0 7 ^193< 61I 9=8�0 > < 4!K_K�X C 4�6 ^ A�4!>�: ^12=0 7K_@ - 2 4!7 < @;4!>�: <U`!0 I)Kb4 9=9 %

�H> . @!:=: k � *)¸;, < 6¤4!KUKw@!A»: .10�e A�g 9 (g .S02=0�-O0�2=0 K
*
�
k e A�g 9 A�4!> < 61I < 6 - 4 2 7 9 :=@ - 4 2 7 : .S0 4!> 2 X[K < > `!0939=0 K % ¯ 
 , 4�617 : .10930812 @ `[< 7 0 7©4 81. @!:R@[>"4�: . @[7 0 >@ `)0�2 4!I 0 @!A � & � ( g @ <_Cr812 @ `!0 : .10�<_2i0�B > <_0 61>�X!vN4 � ¼ > C 7 < 4 Cr0 : 02K < I . :a>@)61> 0 6;: 2 4�:R@ 2V- 4 9MC @ ^ 6;: 0 7r@)6 0 4�> .Pe A�g v < 61> 2=0 4 9=< 61I 0�´N0 >�: <U`!0D8S. @!:R@[>"4m: . @[7 0 >@ `)0�2 4!I 0:R@Y4 2 @ ^ 617 }�*

� j � ¸ml�(  4�> . >�@)61> 0 6;: 2 4�:R@ 2f- 4 9/C 4!7 0 A 2 @ C &"k 81<_0 > 09 @!A�: .1< 6W7 <U0 K 0 >�: 2=< >Q>@)4�: 0 74!K ^1Cr< 6 <_^1C 93.100 : 9 v 0 4!> .�< 6¤4 . @)K_7 0�2fC 4!7 0 @!Ao4!> 2 X[K_@)6 < : 23< K 0 Z L1^ :�4!7 < 6 0 Z 9 :�X 2=0 6 0 % ¯ º � , 8 Kb4 9 : < > (
�`!02 X 4!K ^1CE< 6 <_^SC 9 : 2=<U8 - 4 9 >@)4�: 0 7 -/< : .°�^ 4 2 : 02h- 4 `)0 K 0 6SI!: . : .1< > E Kb4"X 02=9 @!Ai7 <�´B0�2=0 6;: 2=0 ZA 2 4!>�: <U`!05< 617 < > 0�9 ( g .10�9=0 Kb4"X 02=9/0 6 . 4!61> 0 7p: .105230�¥t0 >�: <U`[< :�XP4!617¤4!K 9 @ 812 @�: 0 >�: 0 7¤: .10 4!K ^SCE< 6 <_^1CKb4"X 0�2 A 2 @ C >�@ 2=2 @ 9=< @)6u7 ^123< 61I < : 9�<_CrCr02=93< @)6 < 6 C � � ( g .S0 >�@)61> 0 6;: 2 4m:R@ 239MC 4 FH<_Cr<_930 7®: .10 6 ^SC ZLN0�2 @!A 81. @�:R@)6 9 7 0 : 0 >�: 0 7 L1^ :iK <_Cr< : 0 7Y: .10 4�61I ^ K_4 2 4�>> 0�8 :�4�61> 0 @!A]: .105e A�g 9 ( g .105C 4 FH<_C®^SC



�2� � � �:� ��	=��� ����	��� � �� � 	���	=� � � k
4!>> 08 : 0 7p4!61I!K 0 >@ 232=0�9=8 @)617 0 7P:R@u4 2 4!7 <U^19 @!A ¼ C v -/.1< > .?- 4 9�< 6E: .10Q< 616 0�2 K < I . : - 4m: 02�2=0 I < @)6@!A¶: .10 7 0 : 0 >�:R@ 2 (¯ A ^12 : .102 K & e A�g 9 A�4!> 0 7 @ ^ : - 4 2 7 9 :R@ - 4 2 7 9 : .10P2 @H> Eµ- 4!K_K 9 @�Af: .10 7 0 : 0 >�:R@ 2 >4 `H< :�X (g .10930 7 0 : 0 >�: 0 7©K < I . :iA 2 @ C C®^ @)6 9 4!6S7�@!: .102/9 @ ^12 > 09 @!A�4�>�: <�`[< :�XP@ ^ : 93< 7 0 : .S0he A�g 93^1818 @ 2 :9 : 23^ >�: ^12=0 % e � ^ e ,#( ¯ 61@!: .S02 � � : ^SLN0�9�-�02=0 4�:=:R4!> .10 7E:R@®4 9 K 0 7P4!6S7 9=^1LSCE0�2 I 0 7 < 6r: .10 >"4 `[< :�X- 4�: 02 :R@¬4 9=9=0�9=9 : .10 <UCE8 4�>�:P@�Ah>�@)6;: < 6 ^ @ ^19p9=^1L1Cr0239=< @)6 ( g .1<U9W9 K 0 7 - 4 9¤230C @ `)0 7 7 ^123< 61I7 0 >�@ CECr<_939=< @)6 < 6SI54!617u: .S0 : ^1L�09 4 2=0iL�0< 61I�4 9=930939=0 7 ( P¶< 6t4!KUKUX!v * 9=C 4!K_K 02 : ^1L�09�-�02=0DC @ ^ 6;: 0 7< 6W: .10 6 0 > E @!A»: .10 4!> 2 X[K < > `)0�9=9=0 K¶:=@ `!0 :=@?4!6;X 8 @ 939=<_L K 050�`!0 6;: 9 @ 2=< I < 614�: < 61IJA 2 @ C : . 4�: 2=0 I < @)6 (g .S0pe A¤g 9®-O0�2=0p2=0 4!7 L X 4 930 :Y@!A/> ^19 :=@ C L1^S< KU: 0 K 0 >�: 2 @!6 < > 9 (  4!> .ªe A¤g >4 L K 0r- 4 9>@)616 0 >�: 0 7 :=@ @)6 0 @!A &

K 0 K 0 >�: 2 @)6 < >p> 2 4�: 09 K_@[>"4�: 0 7¬@)6¬: .10 7 0 > E 4 L @ `)0 : .10 7 0 : 0 >�:R@ 2 ( g .S0e A¤g >"4 L K 09u-�0230 >�@)616 0 >�: 0 7 :R@�@)6 0p8 4�7171K 0 >4 2 7 ( P @ ^12Y8 4�7171K 0 >4 2 7 9r-�0230�C @ ^ 6;: 0 7 @!64 e A�g £ 6;: 02 A�4�> 0�c 4 2 7 % e A�gi£ c , -/.1< > .�- 4 9 >�@)616 0 >�: 0 7 :R@ : .10�L 4�> E[8 Kb4!6 0 @�A5: .10 > 2 4�: 0 (£ 6¬4!717 < : < @!6 :R@ 2=0 4�7 < 61Iµ@ ^ :h: .10W9=< I)6t4!KVA 2 @ C 0 4!> .ªe A¤g vo: .10Pe A¤gi£ c >@!6�: 2 @)KUK 0 7 : .10?.1< I .` @)K�:�4!I 0¤9=^S818 KUX¬:=@ : .S0 : ^1LN0�9 >@!616 0 >�: 0 7�:R@ < : (  4!> . e A�gi£ c - 4 9 >�@)616 0 >�: 0 7�:R@4 Pt2 @)6;:
 6S7 c 4 2 7 %

P Mc , >�@)6;:�4 < 6 < 61I * 7t4 ^ I . : 02/L @)4 2 7 9 %
'5º 9 ,�( g .10 '5º 7 < I < : <_9=0 7 0 4�> .¤93< I)614!Kw4!6S79 :R@ 2=0 7�: <_Cr< 6SIY4!617�> . 4 2 I 0J< 6SA§@ 23C 4m: < @!6PA§@ 2 : .10he A¤g 9 @)6©>4 8 4!> < :=@ 2=9 (  4!> . P Mc³812 @[> 0�9=930 7

� � > . 4!616 0 K 9 4!617 . 4!7�4!6�4 939 @[> < 4m: 0 7 e A�gi£ c (
� <�F : 0�0 6 P �cO9 4!617p: .10�<_2 4 9=9 @H> < 4�: 0 7 e A�gi£ cO9-O0�2=0d.10 K_7 < 6P4h> 2 4�: 0 v 0 4!> . @)6 0 @!A -/.1< > .P- 4 9 4 L K 0 :R@ 812 @H> 0939f9=< I)6t4!K 9 A 2 @ C�^18 :R@ }[& � e A�g 9 (g .S0 81^ K 9=0 A 2 @ C 0 4!> . e A�g : 2 4 `)0 KUK 0 7 4!KU@)61I : .S0 e A�g >4 L K 0 :=@ª: .10�e A�gi£ c ( g .S09=< I!6t4!K - 4 9E8 4 9=930 7 A 2 @ C : .S0©e A�gi£ c :=@�: .10 P �c�-/.10230 4µ: .12309=. @)K_7 - 4 9 4 818 K <_0 7wv `H< 4 47 <_9 > 2=<UCE< 6t4�:=@ 2 ( £ A�: .10 4 CE8 K < : ^ 7 0 @!AN4 e A¤g 81^ K 9=0i0#F > 00 7 0 7r: .1<U9 : .S2=093. @)KU7wv!: .S0 7 <_9 > 2=<UCE< 6t4�:=@ 2812 @[7 ^ > 0 7Y4 &

0 0 6 9a81^ K 9=0 ( g .10 &
0�0 6 9a8S^ K 9309 A 2 @ C 4�K_K � � > . 4�616 0 K 9 @)6®: .10 P Mc -O0�2=0f93^1CrCE0 74!617 : .10µ93^1C @!Aq: .10µ9=^1CrCr0 7 : 23< I)I 0�2=9 A§@ 2P0 4!> . P Mc -O0�2=0�9=^1CrCE0 7 < 6 4 cO2 4m: 0 g 2=< I!I 02c 4 2 7 % c g c ,�(

 4!> . @!A]: .S0 &
K c g c ` 4!K ^109�-O0�2=059=0 6;:i:R@®: .S0 A 4 9 : 02 g 2=< I)I 0�2/c 4 2 7 ¯ 6t4!KU@)I ^10%

A�g c 	 ¯ , -/.1< > .u- 4 9 K_@[>"4�: 0 7 < 6Y4 g <UCE< 61I D 4!> E ( £ : - 4 9�.10230 : . 4�:�: .10i9=< I)6t4!K 9¶-�0230D93^1CrCE0 7< 6;:R@E4!6�4!6t4!KU@)I ^10q81^ K 9=0 v -/. @ 9=0 4 CE8 K < : ^ 7 0d- 4 9Q8S2 @ 8 @ 2 : < @)614!KB:R@Y: .S0 :=@!:�4!K]6 ^1ChLN0�2 @!A e A¤g 9: . 4�: st230 7 -/< : .1< 6 &
0�0 6 9 @!A 0 4!> . @!: .10�2/< 6p: .10q0�`!0 6;: ( ¯ &

0�0 6 9/-/< 6171@ -�- 4 9D^19=0 7�:R@ 0 6 9=^12304!K_K�@!A�: .10h812 @ Cr8 :54!6S7�Kb4�: 0 K < I . : - 4 9 >@)KUK 0 >�: 0 7©A§@ 2¦0 4!> .µ0�`)0 6;: ( ¯ 9 : .10ue A�g 4 2=2 4"X - 4 9 &�¼
C < 6p7 < 4 CE0 : 0�2 v 8S. @!:R@!6 9 A 2 @ C 4�6 < 6;: 02 4!>�: < @)6 < 6p: .10 ' � � C 4"X . 4 `!0 4u: <UCE0d93812=0 4!7¤@!A ^18 :R@¸)¸ 6 9 ( g .S0 A¤g c 	 ¯ . 4!7�: .12=0�0 7 <_9 > 2=<UCE< 6t4�:=@ 2=9�� � � @ v A  ' 4!617 C £ ( £ A�: .10Y93^1CECr0 7 81^ K 9=00�F > 0�0 7 0 7 4!6;Xª: .12=0�9=. @!K_7wvM: .10 A�g c 	 ¯ 9=0 6;:P4 81^ K 9=0 :R@ : .10 A 4 9 : 0�2 g 2=< I!I 02Ec 4 2 7 	 ' < I < :�4�K%
A�g c 	 ' , -/.1< > .E- 4 9 4!K 9 @ .10 K_7 < 6E: .10 g <UCE< 61I D 4�> E ( £ A]: .10 A¤g c 	 ' 2=0 > 0<�`)0 7W4 9=< I)6t4!K1A 2 @ C4u: 2=< I)I 02 : . 4�: < : - 4 9 >�@)6 s I ^12=0 7¤:=@rKU@H@ E A§@ 2 vt4 � KU@ L 4!K g 23< I)I 02f- 4 9/9=0 6;:D:R@r4!KUKB> 2 4�: 0�9/< 6W: .109 X 9 : 0C ( g .S0 : <UCE< 61I�4!617W> . 4 2 I 0d< 6SA§@ 2=C 4�: < @)6Y@!A 0 4!> . : ^1L�0 : . 4�: . 4!7 st230 7 - 4 9 7 < I < : <U9=0 7?4!6S79 :R@ 2=0 7©@)6©: .S0�P McO9 (  4!> . P Mc³- 4 9d2=0 4!7©@ ^ : L X�4!6�� � � < 6;: 0�2 A�4!> 0 >4 2 7 (  4!> . � � � >"4 2 7- 4 9D2=0 4!7¤@ ^ : L Xp4!6�� � & KU@H>4�: 0 7p@)6¤: .10 : <UCE< 61I 2 4!> E 4!617p: .10 � � & >"4 2 7 9/-O0�2=0�2=0 4�7©@ ^ : L X



�2��� �������
	������ � ������� � 	 � ��	�����	=����� � K

Po< I ^S2=0 � ( � � �H> .S0C 4�: < >¦7 < 4!I 2 4 C @!AB: .10 « c ' 4 2=2 4"X < 6<� « � ( g .S0 4!> 2 X[K < > `!0939=0 Kw4!617?6 0 > E 4 2=09=. @ - 6�4�K_@)61I -/< : .p8 4 2 :/@!A»: .10�e A�g 4 232 4"Xp4!6S7 8 4 2 :/@!A»: .10 « c ' 4 232 4"X (
: .10�0C®L�0 7S7 0 7 cfe ^ % 0"cfe ^ , >�@ Cr81^ : 0�2 ( g .10h0"cfe ^ >�@ CE8S^ : 0�2D230 4!7�@ ^ :/: .S0 7t4m:�4u:R@E4 � ^ 6>@ Cr81^ : 02 ' 4�:R4 ¯ > °�^1<_93< : < @)6 �[X 9 : 0C %

' ¯�� , -/.10230 : .10 7t4m:�4 - 4 95L1^1< KU: < 6;:R@P\�7t4 Lµs K 09 4!6S7-/2=< :3: 0 6p:=@u:�4 8�0 (
�1��� 67�
!8%5*:A # � !$* *'�
; % � � %5� �%5,�*: ¯ 6r4 2=2 4"X®@!A * 0 « c ' 9a- 4 9 7 0�8 K_@ X 0 7 < 6®: .S0 '�� � 230 I < @)6h:R@ 812 @ `H< 7 0 4!6 < 617 08�0 6S7 0 6;: CE0 4 9=^S2=0 ZCE0 6�:f@!A]: .10 « c ¥t^HF 4 9 7t4�:R4J:�4 E!0 6 L X?: .10 « c ' 9 4!617 e A�g 9i- 4 9 >@ CE8 K 0 : 0 KUX < 617 08�0 6S7 0 6;: (
Po< I ^S2=0 � ( � <U9 4 9 > .10C 4�: < > 230812309=0 6;:�4�: < @)6W@!A]: .10 � « � 7 0 : 0 >�:=@ 2f-/< : .P8 4 2 :f@!A]: .10 « c ' 4 232 4"X< 6 9 :�4!KUK 0 7 ( g .10 « c ' >@ ^ 6�: 02 7t4�:R4r4 2=0 61@!: ^S9=0 7�7 <_230 >�:RKUX < 6W: .S<_9 : .S09=<U9 v . @ -�0�`!02 vz: .S0<_2 >@)6HZ9 : 23^ >�: < @)6 <U9d<_Cr8 @ 2 :�4�6�:¦A§@ 2 : .S0 4 9=9309=93CE0 6;:h@!A 2 4�7 < @;4�>�: <�`[< :�X -/.1< > .�<_9 7 <_9 > ^1939=0 7 < 6 cO. 4 8 : 0�2



�2��� �������
	������ � ������� � 	 � ��	�����	=����� ��0*1( ¯ 9 > .10�C 4�: < >57 < 4!I 2 4 C @!Ao4!6 « c ' <_9 I <�`)0 6 < 6 Po< I ^S2=0 � ( � (g .S0 6 0^ : 2 @)6 812 @H7 ^ > 0 7 L X 4 « 0^ : 2 4!K cO^S2=2=0 6;: %�« c , < 6�: 02 4!>�: < @)6 < 6�: .10 '�� � - 4 9 7 0 Z: 0 >�: 0 7P@)61> 0¦< : . 4!7 L�00 6?>"4 8 : ^1230 7 ( £ 6r: .10Dst2=9 : 8S. 4 9=0 @!AB: .10 � « � 0#FS8�023<_Cr0 6;:"v « c 6 0^ : 2 @)6 9-O0�2=0 >4 8 : ^S2=0 7 L XE7 0�^ : 0�2=<_^SC 6 ^ >�K 0�< v 812 @[7 ^ > < 61Ih4!6 0�F > < : 0 7 9 :R4�: 0 @!Aw: 23< : <_^1C : . 4�:O7 0 >4 X 0 7W:R@< : 9 I 2 @ ^ 617 9 :�4m: 0qL X 0Cr<_939=< @!6P@!Ao4 ¸H( � } A 0�
 I;4 CrC 4 ( g .1<U9 I;4 CrC 4 93^1L1930°�^10 6;:=KUX c @ Cr8 :R@)69 >"4m:=: 0�2=0 7wv 812 @H7 ^ > < 61I �cO0230 6 E @ ` K < I . : ( £ 6¬: .10W930 >@!617 81. 4 9=0 @!A/: .S0¤0#FH8N0�2=<_Cr0 6;:v � :=@)616 0�9@!A 9 @[7 <U^1C > . K_@ 23< 7 0q- 4 9 4!717 0 7�:R@r: .10 '�� �
(N« c 6 0^ : 2 @)6 9Q-O0�2=0 >4 8 : ^12=0 7 L X�� � c K
v�> 230 4�: < 61I4!6 0#F > < : 0 7 9 :�4m: 0 @!A � � c K -/.1< > .©0Cr< :3: 0 7 kS(¹¸
A 0�
 @!AaI)4 CEC 4 2 4"X 9 : . 4�: c @ Cr8 :R@!6 9 >"4�:3: 0230 7wv812 @[7 ^ > < 61I �cO0230 6 E @ ` K < I . : ( ¯ :D: .10�0 6S7©@!A¶: .10q9=0 >@)6S7 81. 4 930 vz: .10q9 4!KU: - 4 9¦230C @ `)0 7 ^19=< 61I?42=0�`!0239=0 @ 9=C @ 9=<U9M^ 6 < :M4!6S7?4!6E4 232 4"XY@!A � ¸ � C¦0 4!617 *

c CD0 « 0^ : 2 4!K cO^1232=0 6�: ' 0 : 0 >�:R@ 239 %�« c ' 9 ,- 4 9/< 6 9 :R4!K_K 0 7 < 6W: .10 '�� � ` @)K ^1Cr0 (
 4!> . « c ' . @ ^193< 61I - 4 9uC 4!6 ^ A�4!>�: ^12=0 7A 2 @ C 81^S2=<Us10 7 6 < > E!0 K�A§@ 2=Cr0 7 < 6;:R@ � C K_@!61I1v}H(

0
k > C 7 < 4 Cr0 : 0�2 : ^SLN0�9 ( � 61> 0p2=0 > 0�<U`)0 7ªA 2 @ C : .10pC 4�6 ^ A�4!>�: ^12=0�2 vV: .10 : ^1LN0�9u-O0�2=0 > ^ :Y:R@K 0 6SI!: . v -�0< I .10 7wvHK 0 4 E : 09 : 0 7wv 9 : 2 4 < I . : 0 6 0 7wv ¥ 4 230 7p4�:O@)6 0Q0 617wv 0 K 0 >�: 2 @ 8 @)K <U9=.10 7wvH4!> < 7 0 :=> .10 7wv2=< 6 9=0 7 < 6�4�K_>@ . @)K»4!617 L 4 E!0 7 ^ 617 0�2Q.1< I .�` 4!> ^1^1C @ `!02 6 < I . : ( g .10 : ^1L�09Q-�0230 : .S0 6 ^1930 7�:R@C 4 E�0 � @ 2 � Cr0 : 2=0 KU@)61I 8S2 @ 8 @ 2 : < @)614!K�>@ ^ 6;: 02=9 ( g .1<_9¶- 4 9 4!> .S<_0�`!0 7 L X®K_4 9=0�2o-O0 K_7 < 61I 9=0 >�: < @)6 9@!AO6 < > E!0 Ka: ^1L�0 :R@)I 0 : .S02 v»4!7S7 < 61I 0 K 0 >�: 23< >"4�KoA 00 7�: .12 @ ^ I .19 4!617 0 6S7 >4 819 4�: 0< : .10�250 617 ( ¯ 64!61@[7 0Q-/<_230Q- 4 9 A 0 7W: .S2 @ ^ I . : .10 A ^ KUKNK 0 61I�: . @!A�: .S0 >@ ^ 6;: 02 4!617P: .10 6W: .10 >@ ^ 6�: 02f- 4 9fs KUK 0 7-/< : .¤81^123<Ust0 7�� C¦0 I;4 9 ( g .12300 @ 2 A§@ ^12 >@ ^ 6�: 0239D-�0230 >@ ^18 K 0 7¤:=@)I 0 : .10�2D0 K 0 >�: 23< >4!K_K�X)vHA§@ 2=Cr< 61I4!6 « c ' 9 : 2=< 6SI -/< : . 4 9=< 61I)K 0h2=0 4!7�@ ^ : -/<U2=0 ( Po< 614!K_K�X)vw4P>4 L K 0 4 9=930C®L K�X - 4 9 4!717 0 7µ:R@W: .10:R@ 8 4!617�4u7 0 K_4"XWK < 6 0 4!717 0 7p:R@Y: .10qL @!:=:=@ C @!A»: .S0�9 : 23< 61I (

CD0 K <_^1C Z � - 4 9 > . @ 9=0 6 A§@ 2d< : 9 Kb4 2 I 0 6 0^ : 2 @)6 >4 8 : ^S2=0 > 2 @ 9=9 Z 930 >�: < @)6Bv < : 9¦^19=0u< 6µ6 0^ : 2 @!67 0 : 0 >�: < @)6 L�0< 61I -�0 KUK 09 :�4 L K <_93.10 7 (a« 0�^ : 2 @)6 9�0 6�: 023< 61Id: .10 I;4 930 @ ^19o2=0 I < @)6®@�A�: .10 � CD0 >@ ^ 6�: 0239< 617 ^ > 0 7�: .10�2=0 4!>�: < @)6JI <U`!0 6 < 6 �°�^ 4�: < @)6 % � (¹¸;,#( g .1<U9¶812 @H> 0939o812 @H7 ^ > 0 7®4 L 4!> E :=@ L 4!> Eq812 @!:R@!6: 2=< :R@)6 8 4 <_2 @!A ¼!¸!* E!0�
 v -/.S02=0 : .S0J812 @!:R@!6�>4 2=23<_0 7�4 - 4"X })¼
� E�0�
 @�Ao: .S0 :=@!:�4!K 0 6 0�2 I!X ( º @!: .@!Ai: .10�9=0W< @)6 9h8S2 @[7 ^ > 0 7¬@ `!02 � 0 v 0 0�0 0 K 0 >�: 2 @!6 < @)6 8 4 <_239h< 6 : .10 I;4 9 ( g .S0W0 K 0 >�: 2 @)6 9 7 2=< A : 0 7:R@ - 4 2 7 9 4E> 0 6;: 2 4�Ko4!6S@H7 0�-/<_230�-/.10�2=0 : .10 X ^ 6S7 02'-O0 6�:54 ` 4!K_4!61> .10JC®^ K�: <_8 K < >4�: < @)6wv 812 @[7 ^ > < 61I4YK_4 2 I 0 6 ^SC®LN0�2 @!A 930 >�@)617t4 2 X 0 K 0 >�: 2 @)6 < @)6 8 4 <_239 v -/.S< > .¤812 @[7 ^ > 0 7�4 93< I)6t4�Kw@)6W: .10 4!6S@H7 0 (g .S0E2309=^ KU: < 61I¤6 0^ : 2 @)6 9=8�0 >�: 2=^SC - 4 9 61@!:J4 9=. 4 238 8�0 4 E 4m: ¼�¸!*

E�0�
 ( £ 6 9 @ Cr0 >"4 9309 v4�6 0�^ : 2 @)6 - 4 9 >"4 8 : ^1230 76 0 4 2 : .10E- 4!K_KV@!Ai: .10 >�@ ^ 6;: 0�2 4!617 : .10E812 @!:=@)6wvo: 2=< :R@)6 @ 2 v < 6 2 4 2=0>"4 9309 v % 4 8S812 @ FH<_C 4�: 0 KUX 0 (U& � @!Aw: .10 : <_Cr0 , L @!: . >@ ^ K_7 9 : 2=<$E�0 : .10D- 4!KUK LN0 A§@ 2=0 7 08 @ 93< : < 61I�4!K_Kt@�A: .1050 6 02 I!X < 6P: .10 I;4 9 ( £ 6W: .10930J< 6 9 :R4!61> 0�9 v1: .1050 6 0�2 I!Xp7 08 @ 9=< : 0 7 < 6P: .10 I;4 9iL XP: .10 6 0^ : 2 @!6- @ ^ K_7 L�0 K 0939 : . 4�6 ¼!¸!*
E!0#
 ( ¯ :�X 81< >"4!Ko6 0^ : 2 @)6 0 6 02 I!X 938N0 >�: 23^1C <U9d9=. @ - 6 < 6 P¶< I ^1230 � (+* v:�4 E�0 6pA 2 @ C j � ¼ l
(g .S02=0p-�02=0p930�`)0�2 4!K Cr0 > . 4�6 <_93CE9YL X -/.1< > . L 4�> E I 2 @ ^ 6S7 0�`)0 6;: 9 >@ ^ K_7ª4 818�0 4 2u< 6 : .102 4!61I 0 @!Aw: .10d938N0 >�: 23^1C (
D 4!7 < @;4!>�: <�`)0 6 ^ >K 0<B0�C®L�0 717 0 7 < 6r: .10 >�@ ^ 6;: 0�2fL @H7SXr4�617p4!61@[7 0/-/<_2=0>@ ^ KU7 0Cr< :d4!K 81. 4 9 : . 4�: 812 @H7 ^ > 0 7 4 L12 @;4!7 9=8�0 >�: 23^1C @!A < @!6 <_9 4�: < @)6 0�`)0 6;: 9 (  K 0 >�: 2 @)6 9 A 2 @ C



�2��� �������
	������ � ������� � 	 � ��	�����	=����� �
&

Po< I ^S2=0 � ( � � �H> .10C 4�: < >i7 < 4!I 2 4 C @!AB4!6 « c '
(
 4!> . « c ' <_9 >�@)6 9 : 2=^ >�: 0 7EA 2 @ C � @ 2 * >@ ^ 6�: 0239-/.1< > . 4 2=0?0 K 0 >�: 23< >4!K_K�X�>@ ^18 K 0 7 4!617 -O0 K_7 0 7:R@)I 0 : .10�2 ( Po< I ^12=0 :�4 E�0 6 A 2 @ C j � ¼ml
(�« @�: 0 : . 4�:

D � 
³<_9 4 93. @ 2 : . 4!6S7?A§@ 2 D 0�C @�: 0 � 8�02 4�: 0 7 
V0�.1< >�K 0 v -/.1< > .?- 4 9 4 9=^1L1C 4 23< 6 0/^1930 7?:=@h7 0�8 K_@ X4!617 2=0�C @ `)0 : .S0 « c ' 9 A 2 @ C : .10 7 0 : 0 >�:R@ 2 (



�2��� �������
	������ � ������� � 	 � ��	�����	=����� � �

Po< I ^S2=0 � (+* � « c ' 4 232 4"X 6 0�^ : 2 @)6 >"4 8 : ^12=0 938N0 >�: 23^1C A 2 @ C 4 ^ 6 < A§@ 2=C KUX 7 <_9 : 23<_L1^ : 0 7 � c
« 4>"4!K <_L12 4�: < @)6 ( g .10W8�0 4 E 4m: ¼!¸!*

E!0#
 >@ 232=0938 @!617 9 :R@�: .10 7 08 @ 9=< : < @)6 @!A/: .10 A ^ K_K�: 2=< :R@)6¬4!6S7812 @!:=@)6 0 6 0�2 I <U09 ( g .10rL12 @;4!7 9=. @ ^ K_7 0�2 4�: })¼
� E!0#
 >�@ 2=2309=8 @)617 9 :=@p: .10 :R@!:R4!KV4 L19 @ 2=8 : < @!6�@�A: .10 : 23< :=@)6 � 9i0 6 0�2 I!X < 6W: .105- 4!K_K (

LN0 :�457 0 >4"X 9 v c @ Cr8 :=@)6 9 >"4m:=: 0�2=< 61Ih4�617 8S. @!:R@ 0 K 0 >�: 2 @!6 9V2=0°�^1<U2=0 7 C®^ KU: <U8 K 0�9 >4�:=: 02=9 :R@�7 0�8 @ 93< :9=^6B > <U0 6;: 0 6 02 I!X < 6?: .10 I;4 9 4�617p4 9O93^ > . : .10�9=0d-�0230 61@!:i4 9f9=0�2=< @ ^19 4 812 @ L K 0C ( g .10 4 C @ ^ 6;:@!A�: 2=< : <_^SC 812309=0 6;: < 6µ: .10 I)4 95- 4 9OE!0�8 :�:R@ 0�F : 230Cr0 KUX�K_@ - K 0�`)0 K 9 :R@�4 ` @ < 7 8S< K 0u^S8 @!A LN0 :�4 9A 2 @ C : 2=< : <_^SC 7 0 >4"X ( g .10 4 C @ ^ 6;:�@�Aw: 23< : <U^1C < 6r: .10 « c ' 9�- 4 9MCE< 6 <_Cr<_930 7 L X 81^123<Us >4�: < @)6E@�A: .10 � C¦0 I;4 9 ( £ Aa: .10 4 C @ ^ 6�:¦@!Aa: 2=< : <_^SC - 4 9 K_@ - vt: .S0h8123<_C 4 2 X 9 @ ^12 > 0 @!A L 4!> E I 2 @ ^ 617 - @ ^ KU7LN0 A 2 @ C 6t4�: ^12 4�K_KUXE@[>> ^S2=2=< 61Ir4!K 8S. 4 0Cr< :3: 0239 (
 4!> . 0�`)0 6;:�7 0 : 0 >�: 0 7 L X�: .10 « c ' 9d- 4 9q2=0 4!7µ@ ^ : L Xµ4 9=023<_0�9 @!A 0 K 0 >�: 2 @)6 < > 9 7 09=< I)6 0 7:R@ 2=0 >�@ 2 7E: .10 :R@!:R4!Kt> . 4 2 I 0 @!A 0 4�> .?0�`!0 6;:"v 2=0 >�@ 2 7 < 6SA§@ 2=C 4�: < @)6Y4�:V: .10 E�C \DK 0�`!0 K < 6Y: .10 >"4 9=0 @�A4 9=^18�02 61@ ` 4W4!617 812 @ `H< 7 0®< 6SA§@ 2=C 4�: < @)6W: . 4�: - @ ^ KU7µ4!K_KU@ - 81^ K 9=0h93. 4 8�0 7 <U9 > 23<_Cr< 6t4m: < @!6 ( g .1<_9- @ ^ K_7W4!KUK_@ - 6 0�^ : 2 @)6 9 :=@ L�0 7 <_9 : < 61I ^1<U9=.10 7EA 2 @ C 4�K 81. 4 9 4!617?61@)6HZ 6 0^ : 2 @)6W6S@)6HZ�4�K 81. 4 0�`!0 6;: 9 (g @ 0 6 9=^1230 4!K_K»@!A�: .10930Y-�0230u8 @ 9=9=<UL K 0 vN: - @ < 617 0�8N0 617 0 6�:=KUX¤: 23< I)I 0�2=0 7 2=0 4�7µ@ ^ : 9 X 9 : 0�CE9d-�0230^19=0 7���4uA�4 9 :/7t4�:R4 8 4�: .p^193< 61I 9=. 4 8N0�2 ¯ ' cO9 4!617¤4 Ch^ KU: <_8 K 0�FH< 61IJ7 < I < : <U9=< 61I 8 4�: . j � kml
(
 4!> . « c ' - 4 9 >�@)616 0 >�: 0 7 :R@ 4 > ^12=230 6;: 81230 Z�4 CE8 K <Ust0�2 A 00 7 < 61I < 6�:=@ 4 C®^ KU: <U8 K 0#FH02%

A ^ �
, L @ F v -/.1< > .µ938 K < :Q: .S0®9=< I)6t4!K < 6©: - @ ( � 6 0®81^ K 9=0h0 6;: 0�2=0 7 9=. 4 81< 6SIP> <U2 > ^S< : 2 XpA§@)K_KU@ -�0 7L Xr4�6?4!614!K_@)I ^10 :R@�7 < I < :�4�KS>@!6 `!02 : 02 % ¯ ' c , -/.S02=0 : .S0 > ^12=230 6;:f@�AN: .10¦93< I)614!K - 4 9�< 6;: 0 I 2 4�: 0 7wv812 @[7 ^ > < 61I¬4 ` 4!K ^10 : . 4�: - 4 9 7 <_230 >�:=KUX 812 @ 8 @ 2 : < @)6t4!K/:R@: .10µ0 6 02 I�X (  4!> . > . 4!6S6 0 K . 4�7³49=. 4 8�02
	 ¯ ' c 4!K_KU@ -/< 61I .S< I .p2=0 4!7 2 4�: 09 v ^S8 :=@ 930�`!02 4�K E�C \!v < 6P: .10q0�`)0 6;:d@!Ao4 9=^18�02 61@ ` 4 (g .S0 @!: .102M81^ K 9=0 A 2 @ C : .10 A ^ � L @ F A§@)K_KU@ -O0 7?4�7 <U´N0230 6;: 8 4�: . v -/.10�2=0 : .10 : <_Cr0/812 @ s K 0



�2��� �O�������	=����	����� � �

@!Ao: .10 > ^12=230 6;: 230 4!> .1< 61IE: .10 4!61@[7 0�-/<U2=0q- 4 9 7 < I < : <_9=0 7 ( £ Ao: .10J81^ K 930J8 4 9=930 7©: .10 7 < I < : <_9 4�: < @)6: .12309=. @)K_7wv < : - 4 9 K_@)I)4 2=< : .1Cr< >4!K_K�Xh4 CE8 K <Ust0 7?4�617 9=0 6�:O: .12 @ ^ I . 4 ��0�0 6 9 7 0 K_4"XP4!6S7 9=^1CrCr< 61I
- ^ 61>�: < @)6 :=@ 4�6 @ 9 > < K_K_@ 9 >@ 8N0 v -/.10230�< : - 4 9 7 < I < : <_930 7 ( £ 6 4!KUK
va: - @ @ 9 > < KUK_@ 9 >@ 8�09h0 4!> .ª-/< : .A§@ ^12 > . 4!6S6 0 K 9Y-�0230�^S9=0 7 (  4!> . 7 < I < : <U9=0 7 0�`)0 6;:?>�@)6 9=<U9 : 0 7 @�A &�} v 0�0 0 8 @ < 6;: 9u< 6 & 6 9YL1< 6 9 (g .10rs12=9 : & v } 0�0 8 @ < 6;: 9 v 0°�^1<�` 4!K 0 6�:q:=@ &)(~}

� 9 vo@[>> ^12=230 7 LN0 A§@ 2=0 : .10 : 23< I)I 02 4!617wv�: .�^19 va@)61K�X>@)6;:�4 < 6 0 7 L 4 930 K < 6 0 61@ <U9=0 ( ¯ A : 0�2 : .1<_9 v�: .10 A ^ � : 2=< I)I 02 @[>> ^12=230 7µ4!6S7�: .S0 A§@)KUK_@ -/< 61I � 0�0 6 9>@ 232=0938 @!617 0 7W:=@h: .10 7 0 K_4"X L�0 : -�00 6p: .10 A ^ � 4!617 9 >@ 8N0 ( g .S0d2=0�9 :i@!A]: .10 7 < I < : <_9 4�: < @)6u: <_Cr0- 4 9 :R4 E!0 6 ^18p-/< : . : .10q81^ K 9=0 (g .S0 : - @¤: 2=< I)I 0239 v 93. 4 8�02 4!617 A ^ � -�02=0 >@ CE8 K 0 : 0 KUX < 6S7 08�0 617 0 6;:®4�617 C 4!6;X L 4�> E ZI 2 @ ^ 617 0�`!0 6;: 9 @!61KUXp: 23< I)I 02=0 7©@)6 0 @!Aa: .10 : - @ 8 4�: .S9 ( g .10 A ^ � : 2=< I)I 0�2D- 4 9dL 4 9=0 7 ^S8 @)6 4A�4 9 : < 6;: 0 I 2 4�: < @)6P@�A»: .10 > ^12=230 6;: 9=< I!6t4!KzA 2 @ C : .10 « c ' 4�617 - 4 9 v1: .S02=0 A§@ 2=0 vt4®> ^S2=2=0 6;:i: 2=< I)I 0�2 (
� C 4�K_Kf4 CE8 K < : ^ 7 0P0�`)0 6;: 9E- @ ^ K_7ª61@!:Y: 2=< I!I 02 : .1<_9Y8 4�: . ( g .10 : 2=< I)I 0�2 A§@ 2 : .10¤9=. 4 8N0�2�	 ¯ ' c8 4�: .Y- 4 9 4q> . 4 2 I 0 : 2=< I)I 02 ( g .10¦9=< I)6t4!K - 4 9M9=. 4 8�0 7P4!617 < 6;: 0 I 2 4�: 0 7r>@)6;: < 6 ^ @ ^19 KUXY@ `)0�2 4 ¸

� 98N0�2=< @[7 ( £ A�: .10d81^ K 9=050#F > 00 7 0 7�4 812=0 Z�7 0 : 0�2=Cr< 6 0 7P: .12309=. @)K_7wvH: .10d93. 4 8�02
	 ¯ ' c�- 4 9 : 2=< I)I 0�2=0 74!617p: .10�9=. 4 8N0 7�4!617 < 6;: 0 I 2 4m: 0 7¤> . 4 2 I 0 @!A¶: .10�0�`)0 6;: 2=0 >@ 2 7 0 7 (i« 4 232 @ - 0�`)0 6;: 9¦-/< : . 4YKb4 2 I 04 CE8 K < : ^ 7 0 : 2=< I)I 0�2=0 7µ: .10 A ^ � 8 4�: . v L1^ :q61@!:q: .10Y9=. 4 8�02 ¯ ' c 8 4�: . ( £ 6�I 0 6 0�2 4!K�v 81. X 93< > 90�`)0 6;: 9 : 2=< I)I 0230 7 L @!: . : .S0 A ^ � 4!617 9=. 4 8N0�2�	 ¯ ' c > . 4!6S6 0 K 9 (g .S0 714�:�4OA 2 @ C : .10 « c ' 4 232 4"X -�0230M230 4!7q@ ^ :»4!617 2=0 >@ 2 7 0 7 ^19=< 61If: .S0 � L - 0 >�:'Z�@ 23<_0 6�:R4�: 0 7wv
D 0 4!K�Z
: <_Cr0qc @)6;: 2 @)K»4!617 ¯ > °[^S<_9=< : < @)6 %

� D c ¯ , 9 @!A : - 4 230 ( g .1<U9D- 4 9 7 093< I)6 0 7µ4!617 -/2=< :=: 0 6 L X: .10 ^ 6 <U`)0�2=93< :�Xp@!A @ 4 9=.1< 61I!:R@!6wv 81^1238 @ 9=0 K�XPA§@ 2 : .S0 « c ' 9 ( C 4 2 7 - 4 2=0q9=0 :=: < 61I 9 >�@ ^ K_7 L�0 >@)6HZ: 2 @!K_K 0 7p4!617 C @)6 < :=@ 2=0 7 ^19=< 61I � D c ¯ (
�1��� � A #<9 3$*:AB%'9 ,�;g @¤7 0 : 023CE< 6 0 4!>> ^12 4�: 0 K�Xµ: .10r0 6 0�2 I!X!v 8 @ 9=< : < @)6wv]7 <U2=0 >�: < @)6�4!617 : <_Cr< 61I?@!Ai4!6 0�`!0 6;:"v»: .10 7 0 Z: 0 >�:R@ 2q. 4�7�:=@ L�0 >4!K <UL12 4m: 0 7 ( D 0 I ^ Kb4 2 KUX�7 08 K_@ X 0 7>"4!K <_L12 4�: < @)6 9 @ ^12 > 09�-O0�2=0r^19=0 7 :R@�4 939=0939: .10r2=0�9=8 @)6 9=0 @!Af: .10 7 0 : 0 >�:=@ 2 4 9 4WA ^ 61>�: < @)6 @!AO: <_Cr0 ( ¯ 81812 @ FS<UC 4m: 0 K�X ��0�� @�AO: .S0 7 0 : 0 >�:R@ 2K <U`!0 : <_Cr0¦- 4 9¦938N0 6;:¦>4!K <UL12 4m: < 6SI (c 4�K <_LS2 4�: < @)6 9 >@ ^ K_7 L�0W9=8 K < : < 6;:R@�: .12=0�0WL12 @;4�7ª>�Kb4 939=0�9�P0 K 0 >�: 2 @)6 < >�v�@ 8 : < >"4�Kf4!617 : . @ 9=0< 6 ` @)K `[< 61I 9 @ ^12 > 09 :=@W>"4!K <_L12 4�: 0 : .S0u2=0938 @!6 9=0 :=@ 81. X 93< > 950�`)0 6;: 9 (  K 0 >�: 2 @)6 < >h>"4!K <_L12 4�: < @)6 9 4 9 Z9=0939=0 7 . @ - : .S0he A�g 9 4!617 « c ' 9¦230938 @)6S7 0 7�@)61> 0 : .S0 X 2=0 > 0<�`)0 7µ4!6 < 6 81^ :D: . 4�: 8 4 939=0 7©: .107 <_9 > 2=<UCE< 6t4�:=@ 2 : .12=0�9=. @!K_7 ( g .S0 @ 8 : < >"4!K�>"4!K <_L12 4�: < @)6 9hCr0 4 9=^1230 7 : .10p812 @ 8�02 : <_0�9 @!AD: .10 '�� � v
C � � vz4!> 2 X[K < >54!617 e A�g 9 (c 4�K <_LS2 4�: < @)6 9 @ ^12 > 09O-�0230 7 08 K_@ X 0 7P: .12 @ ^ I . : .10 6 0 > E @!Aw: .S0 4!> 2 X[K < > `!09=930 K ( ¯ L @ `!0 : .106 0 > Eu- 4 9 : .10 ' 0 > Erc K 0 4!6 D @[@ C %

' c D , -/.1< > .E812 @ `H< 7 0 7?4�>�K 0 4!6 0 6 `H<U2 @)6 CE0 6�:MA§@ 2V812308 4 23< 61I>"4!K <_L12 4�: < @)6 9 @ ^12 > 09¤LN0 A§@ 2=0 : .10 X -O0�2=0 7 08 KU@ X 0 7 < 6 : .10 7 0 : 0 >�:R@ 2 ( ¯ 9 @ ^12 > 0 C 4�6 <_81^ Kb4�:=@ 29 X 9 : 0C - 4 9 >�@)616 0 >�: 0 7©:=@Y: .10 6 0 > E 4!6S7¤: .10q9 @ ^12 > 0q- 4 9 7 0�8 K_@ X 0 7�: .12 @ ^ I . : .1<U9 v Cr< 6 <UCE<U9=< 6SI



�2��� �O�������	=����	����� �
*

: .10d23<_9 E :=@h: .S0 7 0 : 0 >�:R@ 2 ( g .1059 @ ^S2 > 0 >@ ^ KU7 L�0dC @ `!0 7p4 2 @ ^ 617?: .10 7 0 : 0 >�:R@ 2f^19=< 61IY4 9302=<U09 @�A2 @ 8�09 4�:3:�4!> .10 7E:=@�: .10/C 4!6 <_81^ K_4�:R@ 2 ( g .10¦C 4!6 <U81^ K_4�:R@ 2 >@ ^ K_7Y61@!: L�0¦^1930 7 < 6u: .10 C � � 2=0 I < @)6LN0 : -O0�0 6W: .10 ¯ 
 4!617 e � ^ eªL1^ :f>"4�K <_LS2 4�: < @)6 9 >�@ ^ K_7r:�4 E�0d8 K_4!> 0¦^19=< 61Iu4 93023<_09 @!A�I ^1< 7 0 : ^1LN0�9 (
' ^S2=< 6SI®: .10 « c ' 81. 4 9=0q9=0�`)0�2 4!K�7 <U9 : 23<_L1^ : 0 7 9 @ ^12 > 09/-�02=0 7 0�8 K_@ X 0 7 < 6;:R@®: .S0 '�� � 4!6S7< 616 0�2 C � � ` @)K ^1CE0�9 ( g .1<_9J< 6 ` @)K `)0 7 < 6�- 0 >�: < 61I©4©K <U°[^S< 7 % 4!>�: <U` 4�: 0 7 9 @[7 <_^1C , @ 2 I)4 9 %

� � � D 6 ,7 <_230 >�:=KUX < 6;:R@q: .10/- 4m: 02 @!AN: .10 7 0 : 0 >�:R@ 2 ( g .1<_9M<_9 7 0�9 > 23<_L�0 7 < 6EI 2=0 4m: 02 7 0 :�4 < K < 6 � 0 >�: < @)6 � (+*1(~}H(
3 0�� 0 / 7©  5��B¡S���O¢5���]� � �V 3���d�t�o¡1�	��¢
g .10230h-O0�2=0 : - @ 930 : 9 @!A 0 K 0 >�: 2 @!6 < > 9 >"4�K <_LS2 4�: < @)6 9 vt@)6 0 A§@ 2Qe A�g 0 K 0 >�: 2 @)6 < > 9 4�617µ4!61@�: .10�2 A§@ 2« c ' 0 K 0 >�: 2 @)6 < > 9 ( g .10�2=0E-�0230 : - @ e A�g >"4!K <_L12 4�: < @)6 9��JCr0 4 93^12=0�CE0 6;:®@!A�: .10?e A¤g > . 4 2 I 08N0 7 09 :�4!K 9 4!6S7 g ¯ c��®9 K_@ 8N0Y2=0 4!7 < 61I 9 A§@ 2 4�> . 4!6S6 0 K ( g .10Pe A�g > . 4 2 I 0E8N0 7 09 :�4!K Cr0 4 93^12=0 7: .10 \ 02 @Y@ ´N9=0 :D@!A�: .10 ¯ ' c 4!6S7p: .10 g ¯ c 9 KU@ 8N0QCE0 4 9=^1230 7p: .105230 K_4�: < @)6 9=.S<_8P^1930 7p:R@Y>@!6 `!02 :A 2 @ C : .S0PCE0 4 9=^S2=0 7 g ¯ c :R@©: <_Cr0 ( º @!: . @�Af: .10�9=0WCr0 4 93^12=0�CE0 6;: 9 > . 4!6SI 0 7 -/< : . : <_Cr0 4!6S7-O0�2=0 vz: .S02=0 A§@ 2=0 v 8�02 A§@ 2=Cr0 7p: -/< > 0�-�00 E KUX�4 9i-O0 K_K»4 9 4�A : 0�2 4!6;X 0 K 0 >�: 2 @)6 < > 9 > 2 4�: 0q- 4 9 : ^12 6 0 7@)6wvSA§@ 2i0#F 4 CE8 K 0 A§@)KUK_@ -/< 61I 2=08 4 <_2 (g .S02=0E-O0�2=0 : .12=0�0E-�00 E K�X « c ' >"4!K <_L12 4�: < @)6 9 �oK_@!I;4 Cr8 v�K < 6 0 4 23< :�X 4!6S7 : .123093. @)K_7 ( g .S0K_@)I;4 CE8 >4!K <UL12 4�: < @)6 Cr0 4 9=^1230 7 : .10�8 4 2 4 Cr0 : 0239 4 9=9 @[> < 4�: 0 7 -/< : . K_@)I;4 2=< : .1Cr< >W4 Cr8 K <Us >4�: < @)64!617 - 4 `!0 A§@ 23C 7 < I < : <U9 4�: < @)6 ( eV^ K 9=0�9�-O0�2=0/< 6�- 0 >�: 0 7 < 6;:R@ 0 4!> . « c ' 812=0 4 CE8 K <Us102 :=@d: 2=< I)I 0�2 : .10
' ¯�� 9 X 9 : 0C 4!617E4 818S2 @ FH<_C 4�: 0 KUX ��0 81^ K 9309�-�02=0 >�@)K_K 0 >�: 0 7Y@)6 0 4�> . @!Az: .S0 *

0
« c ' > . 4!616 0 K 9 (e 4 2 4 CE0 : 0�2=9 : . 4�:»7 0�9 > 2=<_L�0 7�: .10 4 Cr8 K <�s >"4m: < @!654!617�7 < I < : <U9 4�: < @)6 -O0�2=0O0#F : 2 4�>�: 0 7hA 2 @ C : .10 7t4�:R4 (g .10 K < 6 0 4 2=< :�Xd>"4!K <_L12 4�: < @)6 CE0 4 9=^1230 7h: .10 I;4 < 6 9 4!617 8�0 7 09 :R4!KS@�A 0 4!> . « c ' 4!617u4�K 9 @D: 0�9 : 0 7®: .10K < 6 0 4 2f230938 @)6 9=0 @!Ao: .10q9 X 9 : 0C (

 4!> .©93. 4 8�02 ¯ ' c > . 4!616 0 K - 4 9D81^ K 9=0 7 -/< : . 4 93°�^ 4 2=0q- 4 `!04�: }
0 C \iA§@ 2 } 9=0 >�@)617 9 ( � `)02 : .S<_9 : <UCE0i8�023< @[7wv): .S0 4 CE8 K < : ^ 7 0 @!A�: .S0D8S^ K 930/- 4 9M< 61> 2=0 4 9=0 7E:R@: 09 :/: .10 K < 6 0 4 2=< :�XE@!A»: .10q93. 4 8�02 ¯ ' cO9 ( ¯ 6�XP61@)6HZ K < 6 0 4 23< :�X - 4 9/°�^ 4!6;: <Ust0 7�4 9 : .10 7 <U´N02=0 61> 0LN0 : -O0�0 6µ: .10JCE0 4 9=^S2=0 7µ> . 4 2 I 0 4!617 L�09 : s : ` 4�K ^10 ( g .10h< 6;: 0�2 > 0�8 :dA 2 @ C : .10 K < 6 0 4 2/0°�^ 4m: < @!6- 4 9 : .10 6 ^1930 7�4!K_@)6SI -/< : . : .1058�0 4 EE8 @ 93< : < @)6 < 6p4u6 0^ : 2 @)6p>4!K <UL12 4�: < @)6 9=8�0 >�: 2=^SC :R@Y>@!6 `!02 :9=. 4 8�02 ¯ ' c ` 4!K ^10�9 :R@ 0 6 0�2 I <U09 ( g .10 : .12309=. @)K_7 >"4!K <_L12 4�: < @)6 0�F : 2 4!>�: 0 7 : .10 : .S2=093. @)KU7 A§@ 20 4!> . A ^ �³4!6S7 93. 4 8�02 ¯ ' c¬< 6®: 0�2=Cr9 @!AN: .10/< 6 8S^ : 81^ K 9=0 4 Cr8 K < : ^ 7 0 4!617Y:R@!:R4!K1> . 4 2 I 0 (  4!> .« c ' - 4 9O< 6�- 0 >�: 0 7 -/< : . &)(

0 � 9�93< 6 0/- 4 `!09f-/< : . 4 CE8 K < : ^ 7 0�9ML�0 : -�00 6 ¸ 4!6S7 � & C�
 4�:O4 2 4�: 0@!A & 0 C \ ( g .1<U9 Kb4 9 : 0 7?A§@ 2 4 81812 @ FH<_C 4�: 0 KUX } 930 >�@)617 9 @)6 0 4!> . « c '
( g .10 >@!K_K 0 >�: 0 7P7t4m:�4 -�02304!6t4!K�X 930 7p:R@Y7 0 : 023CE< 6 05-/.1< > . @!A»: .10�81^ K 9=0�9 : 2=< I)I 0230 7W: .S0 A ^ � 4!617 9=. 4 8�02 ¯ ' c 9 X 9 : 0Cr9 vC 4 E�< 61I < : 8 @ 939=<_L K 0 :R@r7 0 : 023CE< 6 0 : .S0 : .12=0�9=. @!K_7p@!A 0 4!> . « c '

(
� ;=�N&��0	����Z$#��<%���������6��$Db��>��	��!�



�2��� �O�������	=����	����� �
}

3 0�� 0�3 � 4 � � �V '���d�t�o¡t���O¢g .10®81. @�:R@!: ^1LN0 >"4!K <_L12 4�: < @)6 % eMc ¯ , Cr0 4 93^12=0 7�: .10 > . 4 2 I 0 4!617©: <_Cr< 61I 2=0�9=8 @)6 930 @!AM4 81. @�:R@�Z: ^1L�0 ( g .10 7 <U9 > 23<_Cr< 6t4m:R@ 239O^1930 7 < 6W: .10 � « � 0 K 0 >�: 2 @!6 < > 9/s12=0 7�4�: sSFH0 7 ` @!KU:�4�I 09 ( g .10 > . 4 2 I 081^ K 930/2=093^ KU: < 61IqA 2 @ C 4 93< 61I!K 0i81. @�:R@)6 < 61> < 7 0 6;:�@!6P4 e A¤g >@ ^ K_7 ` 4 2 X L Xr4 9VC®^ > . 4 9 45A�4!>�:R@ 2@!A � ( e�^ K 9309�-/< : .r.1< I .102 > . 4 2 I 0�9�st230 7E: .10 7 <_9 > 2=<UCE< 6t4�:=@ 2o0 4 2 K <_02 ( g .1<U9V0�´N0 >�: - 4 9�230 A 0�2=2=0 7?:R@4 9 � e A¤g - 4�K E � ( g .10 7 <U´N0230 61> 0J< 6¤: <_Cr< 61Iu>�@ ^ KU7 L�0 4 9¦C®^ > . 4 9 � 6 9 v -/.1< > . >@ ^ KU7 <UCE8 4�>�:^18 @!6p: .10 4!>> ^12 4�>�Xp@!A»: .10q0�`)0 6;: s :=: 02=9 4!6S7 0 6 02 I!X 09 : <UC 4�:=@ 2=9 (g .S0®eMc ¯ 2=0�°�^1<_230 7µ4rK < I . : 9 @ ^12 > 0 :=@ st230 : .S0®e A�g ( ¯ 9=8�0 > < 4!KUKUXW7 09=< I)6 0 7 �3Kb4 9=023L 4!KUK �-/.1< > .u0�CE< :=: 0 7®4 93. @ 2 :"v & 0 6 9 v 8S^ K 930 @!AzK < I . : - 4 9 7 08 KU@ X 0 7 < 6u4Q6 ^1C®L�02 @!A 8 @ 9=< : < @!6 9 : .12 @ ^ I . Z@ ^ :O: .10 7 0 : 0 >�:=@ 2 vt4m:i4h6 ^1C®L�02 @!A�7 <�´B0�2=0 6;: - 4 `)0 K 0 61I!: .S9 v1:R@®4 9=9309=9 : .1<_9 4 ´N0 >�: ( g .10 7 <�´B0�2=0 6�:- 4 `)0 K 0 61I!: .S9¦-�02=0J812 @[7 ^ > 0 7 ^19=< 61I?4 }
0 A C \hKb4 9=02i8S2 @[7 ^ > < 61I 0 (~¸ 6 9/-/< 7S: .�LS^12=9 : 9 @!A � � ¼H(U&6 C - 4 `!0 K 0 61I!: . K < I . :/4!6S7¤@!6 0 @!A¶A§@ ^12 7SX 0 > 0 K_K 9 (g .S0 K_4 9=0�2=L 4�K_K - 4 9/^19=0 7�:=@ 8S2 @[7 ^ > 0 4 812 @ s K 0 @!A¶K < I . : L�0. 4 `[< @ ^S2i< 6W: .10 7 0 : 0 >�:R@ 2 ( g .1<_9812 @ s K 0J- 4 95^1930 7µ:R@?>"4!KU> ^ K_4�: 0 @ 8 : < >"4!K�>�@)6 9 :R4!6;: 9 4!617�: .10u230 Kb4m: <U`!0h0�B > <_0 61> <U09 @!A�: .10Ye A�g 9 (£ 6E: .S0 « c ' 81. 4 930 vH: .10 7t4�:�4 -O0�2=0 4!K 9 @ ^1930 7?:=@®4 939=0939 : .S0¦93. 4!71@ -/< 6SI®4!617 2=0�¥10 >�: <U`[< :�XY@�Aw: .10« c ' 4 2=2 4 X (

3 0�� 0� 7©¢ 5������ � �V 3���d�t�o¡t����¢« < : 2 @)I 0 6HZ & ¸W%
� �
«Q, - 4 9 : .1058123<_C 4 2 X 9 @ ^S2 > 0q^1930 7pA§@ 2i0 6 02 I�XW>"4!K <_L12 4�: < @)6 ( � � « - 4 9D8S2 @[7 ^ > 0 7`H< 4?4!6 % 6wv 8 , 230 4!>�: < @)6©@)6©@ F X[I 0 6 < 6 c � � ( � 61> 0J812 @[7 ^ > 0 7wv � � « L�0 :�4�Z�I;4 CrC 4r7 0 >"4"X 0 7 -/< : .4 ¼H(�&

� 9=0 >@)617 . 4!KUAoK < A 0 ( g .10 7S@ CE< 6t4!6;: L12 4�61> .©812 @H7 ^ > 0 7µ4 93< 61I!K 0 ¸S(�&
� A 0�
 I;4 CrC 4 -/.1< > .>@ ^ KU7 L�0�^19=0 7©:R@E>"4!K <_L12 4�: 0 : .10h0 6 02 I!X 09 : <_C 4�:=@ 2 ( g .10h9 @ ^12 > 0J- 4 9Q.S0 K_7 < 6�4 9 :�4 < 61K 0�9=9D9 : 00 K>@)6;:�4 < 6 0�2 % >4!6 , :R@µ4 LS9 @ 23L 0 K 0 >�: 2 @)6 9h2=0 K 0 4 930 7 L X�: .10 7 0 >"4"X ( g .10P9 @ ^12 > 0 >"4!6 >�@)6;:�4 < 6 0 7¬4e A¤g : . 4�:d: 2=< I!I 0230 7 -/.10 6�4P7 0 >4 X©@H>�> ^1232=0 7wv .10 K 81< 6SI?:R@ 230 7 ^ > 0 4!6;X�61@!6HZ 9 @ ^12 > 0u0�`!0 6;: 9q< 6: .10 >"4�K <_LS2 4�: < @)6P714�:�4 9=0 : (

3 0�� 0�� � 5»�¦¡S���O¢ � �V '� �d�t�o¡1�	��¢
� 0�`!02 4�K 9 @ ^12 > 0�9Y-�0230p^19=0 7ª:=@µ7 0 : 02=Cr< 6 0 : .10 6 0�^ : 2 @)6¬>"4 8 : ^1230¤0�B > <_0 61>�X 4!617 812 @ s K 0 ( ¯ 6¯ Cr02=< > <U^1C Z º 02 X[K_K <U^1C % ¯ C º 0 , 9 @ ^12 > 0W- 4 9r^S9=0 7¬:R@ 8S2 @[7 ^ > 0 6 0�^ : 2 @)6 9u`[< 4µ4 � º 0 % �Mv¹6 , � � c2=0 4�>�: < @)6wv -/.S< > .�. 4 9 4��5Z ` 4!K ^10 @!A }[(�¼

0
&

A 0�
 ( g .1<_95230 4!>�: < @!6 4!K C @ 9 :54!K - 4"X 9 7 0 >"4"X 9 :R@W: .10st2=9 : 0�F > < : 0 7 9 :R4�: 0 @ 2 I 2 @ ^ 617 9 :�4�: 0 @!Aa: .10h23093^ KU:R4!6;:d>"4 2=L @)6©6 ^ >�K 0^S9 ( £ Ao: .10 7 0 >4 X <_9 :R@r: .10st2=9 : 0�F > < : 0 7 9 :�4�: 0 @!A � � c v;4 *S(¹*)*
A 0�
 I;4 CrC 4 <_9¶2=0 K 0 4 9=0 7 ( c 4 2=0 A ^ K 9 : ^ 7SXWj � K l A§@ ^ 617®: . 4m:a: .102 4�: < @D@!A *1(+*)* A 0#
 I;4 CrC 4 9 :=@d6 0�^ : 2 @)6 9a0�CE< :=: 0 7 L X�: .10f9 @ ^12 > 0O- 4 9 0 (¹¸ 4!6S7 - 4 9a< 617 08�0 617 0 6;:@!A�: .10q9 @ ^12 > 0�8S2=08 4 2 4�: < @)6p4�617pI 0 @ Cr0 : 2 X ( g .10 6 0^ : 2 @)6p>@ ^ K_7p@)61K�X L�0 7 0 : 0 >�: 0 7¤@)61> 0q< : . 4�7LN0�0 6�>4 8 : ^S2=0 7�4!617 < :/:R@[@ E 4 s 6 < : 0 : <_Cr0 :=@E7S@E: .S<_9 ( g .S0 *1(+*)*

A 0�
 I;4 CrC 4 - 4 9 4 812 @ Cr8 :I;4 CrC 4®4�617�>�@ ^ KU7wvS: .S02=0 A§@ 2=0 v LN0q^1930 7¤:R@u:�4!Iu: .10 6 0^ : 2 @)6 (



�2��� �O�������	=����	����� �
¸

D 0 I < @!6 �H@ ^S2 > 0 ' 4�: 0
'�� � � c

« 4 � >�:R@ L�02 � 0�0 }
'�� � � � � D 6 ¯ ^ I ^S9 : � 0�0 ¸
'�� � � c

« 4 � >�:R@ L�02 � 0�0 ¸
C � � � � � D 6 « @ `)0�C®L�02 � 0�0 ¸g 4 L K 0 � (�& � ' <_9 : 2=<UL1^ : 0 7 9 @ ^S2 > 0�9 7 08 KU@�X 0 7�7 ^12=< 61I®: .S0 « c ' 81. 4 9=0 (

g .S0¦930 >@!617?6 0�^ : 2 @)6 8 @ < 6�: 9 @ ^12 > 0/- 4 9 4q>"4!616 0 7 � � � c A 9 @ ^12 > 0 ( ¯ 81812 @ FS<UC 4m: 0 K�X � (�& � @�A� � � c A¶7 0 >"4"X 9 4 2=0d938 @!6�:R4!6 0 @ ^19ist9=93< @)6Bv 2=0 K 0 4 9=< 6SI®6 0^ : 2 @!6 9 ( g .10q2=0�C 4 < 6 < 61Ih7 0 >"4"X 9 4 2=0 4�K 81. 40Cr<_9=93< @)6 9 ( g .10Q9 @ ^12 > 0Q- 4 9i. @ ^19=0 7 < 6W4 9 @)K < 7P4!> 2 X[K < >¦>�X[K < 6S7 02 : . 4�:f4 L19 @ 2=L�0 7 L�0 :R4 9f2=0 K 0 4 9=0 7L X st9=93< @)6WA 2 4!I Cr0 6;: 9 ( c @)6;:�4 Cr< 6t4m: < @!6EA 2 @ C I;4 CrC 4 9O230C 4 < 6 0 7 L1^ :D4 2 4!7 < 4�KN> ^ :D4 2 @ ^ 617W: .109 @ ^12 > 0q2=0 7 ^ > 0 7�: .1<_9 >�@)6;:�4 Cr< 6t4m: < @!6wv 8S2 @[7 ^ > < 61Ir4!6¤4!K C @ 9 : 81^1230 6 0�^ : 2 @)6 9 @ ^12 > 0 (
3 0�� 0�� � �'��¡1�z���5�¦¡65 < � �O�d�t�;5��
' ^12=< 61I©: .S0 « c ' 81. 4 930 4�6 ^1C®L�02 @!AD7 <U9 : 23<_L1^ : 0 7 9 @ ^12 > 09u-�0230 7 08 KU@�X 0 7 ( g .10930p9 @ ^12 > 0�9-O0�2=0¤812 @[7 ^ > 0 7 L X < 6�- 0 >�: < 61I 4 9=C 4!K_Ki4 C @ ^ 6�:Y@�AQK <_°�^1< 7 @ 2 I;4 9=0 @ ^19Y2 4�7 < @;4�>�: <�`[< :�X < 6;:R@ @)6 0@!AO: .10u- 4�: 02�2=0 I < @)6 9 @�AO: .S0 7 0 : 0 >�:R@ 2 ( g .S0 4!>�: <U`[< :�X - 4 9 7 <U9 : 2=<_LS^ : 0 7 4!6S7 Cr<�FH0 7 ^193< 61Ip: .10- 4�: 02 > <_2 > ^ K_4�: < @)6 9 X 9 : 0Cr9 ( g .1<_9 :�X 8�0 @�Ai>"4!K <_L12 4�: < @)6 < 6 �

«
� <_9 >@ CEC @)61K�X 2=0 A 0232=0 7:=@�4 94 9=81< E!0 ( ¯ A ^ KUKOK <U9 :h@!A 9=81< E!09u< 6: .10 « c ' 81. 4 930¤<U9 I <�`)0 6 < 6 g 4 L K 0 � (U&)( ¯ 93C 4!KUK 9 4 Cr8 K 0@!A 9 4�K < 614�: 0 7 '�� � - 4 9 4�>�: <�` 4�: 0 7�4�:Q4E6 ^ >�K 0 4 2Q2=0 4!>�:=@ 2D< 6 �5< 61I 9 :=@)6wv � 6�:R4 2=< @ ( g .10 6 0^ : 2 @)6 9812 @[7 ^ > 0 7 L X¬: .10¤2=0 4!>�:=@ 2Y-O0�2=0 >4 8 : ^12=0 7 L X « 4 4�:=@ Cr9r< 6ª: .10©9 @)K ^ : < @!6wv 8S2 @[7 ^ > < 61I � c

« 4 (
�H@H7 <_^1C Z � * LN0 :�4Y7 0 >4 X 0 7wv 0Cr< :3: < 61Iu4 &)(

�
k 4�617¤4 � (~¼!¸ A 0#
 I)4 CEC 4 -/< : . 4 &"*S(

K
} . @ ^12i. 4!K�AK < A 0 ( ¯ 93C 4�K_K 812 @ 8 @ 2 : < @)6?@!A�: .10d9 @ ^12 > 0d- 4 9OCE0 4 9=^1230 7 ^193< 61Iu4®I 02=C 4!6 <U^1C 7 0 : 0 >�:R@ 2 v1K_@[>"4m: 0 7^ 617 0�2 I 2 @ ^ 617 < 6�: .10 � « � Kb4 L @ 2 4m:R@ 2 X)vz:R@P7 0 : 0�2=Cr< 6 0 : .10®9 @ ^12 > 0u9 : 2=0 6SI!: . ( g .10h9 4 Cr8 K 0�- 4 9< 6�- 0 >�: 0 7 < 6;:R@u: .10 7 0 : 0 >�:R@ 2 4!6S7¤: .10q9 @ ^12 > 0q- 4 9¦Cr<�FH0 7 ^193< 61Iu: .S0q- 4�: 02 > <_2 > ^ K_4�: < @)6 9 X 9 : 0Cr9 (g .1<_9W812 @H7 ^ > 0 7 4 ^ 6 < A§@ 2=C 9 @ ^S2 > 0 : . 4�:p>@ ^ K_7 L�0�^S9=0 7 A§@ 2 6 0�^ : 2 @)6³4!617 4!K 9 @ K_@ - 0 6 0�2 I!XL 4!> E I 2 @ ^ 617Y>"4!K <_L12 4�: < @)6 9 ( º @!: .u9 @H7 <U^1C 9=81< E!09a-�0230/C 4!6 ^ A�4�>�: ^S2=0 7 ^S9=< 6SI < 7 0 6�: < >4!K Cr0 : . @[7 9 (¯ � � � D 6 9=81< E!05- 4 9/812 @[7 ^ > 0 7 L XP>@)KUK 0 >�: < 61I 2 4�71@)6WA 2 @ C : .10 K_4 L 4 <_2 v ^193< 61IY4u7 0 I;4 939=< 6SI: 2 4 8 4!617 4 �]^ >"4 9 > 0 KUK % 9=00 � 0 >�: < @)6 � (~¼H( � ,�( � 61> 0 >@)KUK 0 >�: 0 7 < 6 �]^ >4 9 > 0 K_K 9 vi: .10 D 6 - 4 9: 2 4�6 9 A 0�2=2=0 7 < 6;:R@/4 A 4 23< 6 0 K_K <mL�0 4 E�02 4!617 < : - 4 9 >@!616 0 >�: 0 7J:R@i: .10 '�� � - 4�: 02�9 X 9 : 0Cr9 7 0 I;4 939=0�2-/.1< > .u- 4 9 @ 8N0�2 4�: 0 7 < 6Y4 2=0 I;4 939=< 6SI C @[7 0 ( g .10 D 6 - 4 9 : .10 6Y> <_2 > ^ Kb4m: 0 7 < 6�:=@q4!617E4 2 @ ^ 617u: .107 0 : 0 >�:=@ 2 ( g .10 > <_2 > ^ Kb4m: < @!6P7 <_230 >�: < @!6 - 4 9/230�`)0�2=930 7�4mA : 02i9 @ Cr0 : <_Cr0 :=@ 938N0�0 7 ^18 : .105Cr<�FH< 6SI (g .105- 4�: 02D9 X 9 : 0Cr9 4 2=0 7 0�9 > 23<_L�0 7 < 69� 0 >�: < @)6 � (�¼[(g .S0 C � � D 6 9381<$E�0?- 4 9h812 @H7 ^ > 0 7 ^19=< 61I�4¤>@ CrCr02 > < 4!KUKUX©4 ` 4 < Kb4 L K 0 D 4 9 @ ^12 > 0 ( g .1<_97 0 >4 X 9 v 812 @H7 ^ > < 61I D 6 -/.1< > .�- 4 9 >@!K_K 0 >�: 0 7 ^193< 61I 4 7 0 I;4 9=93< 61I�: 2 4 8 4!617 ��^ >"4 9 > 0 KUK ( g @0 6 93^12=0 : . 4�:�61@ D 4 - 4 9�812=0�9=0 6;: < 6E: .10Ds 6t4!K 9 4 Cr8 K 0 v;: .10 I;4 9=0 @ ^19 D 6 - 4 9�8 4 939=0 7P: .12 @ ^ I . 4�6



�2��� � ����	V��� �����  	�� �
¼

4 °�^10 @ ^S9�9 @)K ^ : < @)6h@!A C g < � (�« @ 9=< I)6 <�s >"4!6;:o4 C @ ^ 6;:a@!A D 4 - 4 9 7 0 : 0 >�: 0 7wv ^19=< 61IQ: .S0 : 0 > . 6 <_°�^10�97 09 > 2=<ULN0 7 < 6 cO. 4 8 : 02 }H(
�1��� � AB%5A ��!/A #<9&% 4

g .10 « c ' 81. 4 9=0 Kb4 9 : 0 7 ¼
�
& 7t4"X 9 vDA 2 @ C « @ `!0C®L�02 � ¼ : . � 0�0 * :R@ « @ `!0C®L�02 � k : . � 0 0 ¸S(

' ^12=< 61Ir: .1<_9¦8N0�2=< @H7wvt: .10 7 0 : 0 >�:R@ 2Q- 4 9 @ 8�02 4�: 0 7µ4!K C @ 9 :¦>�@)6;: < 6 ^ @ ^19 K�X -/< : .©9=C 4!K_K 93.[^ :R71@ - 68N0�2=< @[7 9 A§@ 2f8 @ -�02 @ ^ :�4!I 0�9 4!617p7 0 : 0 >�:R@ 2iC 4 < 6�: 0 6t4�61> 0 ( ' ^12=< 61Ih: .S0 : <_Cr0Q-/.10 6W: .10 7 0 : 0 >�:R@ 2- 4 9 @ 8N0�2 4�: < @)614!K % @)6SK < 6 0 , vm61@!:a4!K_K�7t4m:�4¦:R4 E!0 6 - 4 9o9=^1< :�4 L K 0 A§@ 2 6 0�^ : 23< 61@d4!6t4!K�X 93<_9 ( c 4!K <_L12 4�: < @)62=^ 6 9 4�>>@ ^ 6;: 0 7WA§@ 2 4 81812 @ FH<UC 4�: 0 K�X � 0�� @�A»: .10 : <_Cr0 4!617p6 0�^ : 23< 61@ 2=^ 616 < 61I ¸ � (�} � ( g .10�� � !
	 #��$# ����
 ��! � ���� 
�� � #�#�� 7 0 > < 7 0 7 -/.S< > .©23^ 6 9D-O0�2=0h93^1< :R4 L K 0 A§@ 2 4�6t4!KUX 93<_9 ( g .10 :=@!:�4�K�: <_Cr0 @!A�4�K_K@!A¶: .10q9=0 K 0 >�: 0 7 �3I)@[@[7 �u2=^ 6 9/- 4 9/2=0 A 0232=0 7¤:R@r4 9 : .S0 7 0 : 0 >�:=@ 2 K <U`!0 : <_Cr0 (

a`!02 X 93.1< A :f@ 8N0�2 4�:=@ 2 @)69�
«
� . 4�7¤:=@ s K_K < 6¤4 2=0�8 @ 2 :/7 ^123< 61I®: .10<U2 7 0 : 0 >�:=@ 2/9=.1< A : ( g .S09=.1< A : 2=08 @ 2 : - 4 9 4 9=^1CrC 4 2 X©@!AO7 0 : 0 >�:=@ 2 >@)617 < : < @)6 9 v�4!>�: <U`[< : <_09 4!617 812 @[> 0 7 ^12=0�9J8�02 A§@ 2=Cr0 77 ^12=< 61If: .S0M93.1< A : (  4!> .�9=.S< A : 2308 @ 2 : - 4 9»2=0 4�7 L Xd: - @ CE0�C®LN0�2=9 @!A[: .S0M23^ 6 9=0 K 0 >�: < @)6q>@ CrCE< :=: 00-/. @ - @ ^ KU7 >�@)6 9=< 7 02�0 6 `[<_2 @)6 Cr0 6;:�4�KVA�4�>�:R@ 2=9 v 9=^ > . 4 9 7 0 : 0 >�:=@ 2 : 0Cr8N0�2 4�: ^12=0 4!6S7 .�^1Cr< 7 < :�X)v4!617 > .10 > E< Af: .10P^ 6 ^193^ 4!Kf>�@)617 < : < @)6 9 %

^ c , LS< : - 4 9®930 : ( g .S0 ^ c L1< : C 4"X . 4 `)0WL�00 6 9=0 :A§@ 2 4u6 ^SC®LN0�2 @!A 2=0 4 9 @)6 9 v�4!6¤4 9=9 4 X Cr< I . : . 4 `)0qLN0�0 6p:�4 E�< 61I 8 Kb4!> 0 vt4 9 @ ^12 > 0JC 4"X . 4 `!0�L�00 6
� 8 4 2 E!0 7 �W< 6�: .10 6 0 > E @ `)0�2 6 < I . : 0 :=> ( £ 6 9 @ Cr0 > <U2 > ^SCE9 :�4!61> 09 : .10 7t4m:�4 - 4 9d9 : < KUK ^19 4 L K 0 ( £ 64!717 < : < @!6E:R@ 2=0 4�7 < 61I 9=.1< A : 2=0�8 @ 2 : 9 vH: .10d2=^ 6 9=0 K 0 >�: < @!6P>@ CrCr< :=: 00DC @!6 < :=@ 2=0 7E: .S0 @ ^ : 81^ :OA 2 @ C: - @r6 0 4 2 K < 6 0 � « � A ¯ «�� 812 @[> 0�9=9 @ 2=9 4!617p: .10�9=0 4 2=0 61@ - 7 09 > 2=<ULN0 7 (
3 0�� 0 / � ���t�[¡ �d���S� �65»  5»�B¡1���O¢
 4�> . 6 0�^ : 23< 61@ 2=^ 6 - 4 9Q812 @H> 09=930 7 L Xp: .S0�st239 : 8 4 939Q9=0 K 0 >�: < @)6 %

Pae � , C @H7 ^ K 0q< 6 �
«
� A ¯ «J(g .10 Pae � C @[7 ^ K 0�0�F : 2 4!>�: 0 7h: .10�23^ 6 C 4 9 E A 2 @ C : .10 714�:�4 ( g .10�2=^ 6 C 4 9 E v 9=0 : L Xq: .S0 7 0 : 0 >�:R@ 29=.1< A :¦@ 8N0�2 4�:=@ 2 vt7 0�s 6 0 7©: .10 :�X 8N0 @!A 23^ 6 % 6 0�^ : 23< 61@1vz>4!K <UL12 4�: < @)6 0 :R> (�, v -/.S0 : .S02 4�6�4 939 4"X - 4 9:�4 E�< 6SI 8 K_4!> 0q`[< 4Y: .10 � ��� @ 2 '�� � - 4 9 > <U2 > ^ Kb4�: < 61IE4!617©4!K 9 @ -/.10 : .10�2 4!6;X�: .1< 61I ^ 6 ^193^ 4!K - 4 9. 4 818�0 6 < 61I < 6P: .10 7 0 : 0 >�:=@ 2 %

^ c L1< : ,�( Poe �W4!K 9 @ 0�F : 2 4!>�: 0 7¤: .10 6 ^1ChLN0�2 @�A 0 K 0 >�: 2 @)6 < > 9 > 2 4�: 0�9@)61K < 6 0 % e A�g 9 , vt6 ^1C®L�02 @!A « c ' 9 @)61K < 6 0 v[: .10 7 ^12 4�: < @)6P@!A]: .1052=^ 6BvH: .S0 A 2 4!>�: < @)6t4!K�7 0 4�7S: <UCE07 ^10 :R@ L1^12=9 :h> ^ : 9 4!617 : .10Y` @!KU:�4�I 0 @!A 0 4!> . « c '
(
� 0 K 0 >�: < @)6�> 23< : 0�2=< 4 -�0230 : .10 6 4 818 K <_0 7 :R@: .1<U9�< 6SA§@ 23C 4m: < @!6u4!617 < AN4!KUK1@!A�: .10 >@!617 < : < @)6 9a-O0�2=0DCE0 :M: .10/2=^ 6 - 4 9�8S2 @[> 0939=0 7 L Xu: .10/930 >@!6178 4 9=9/930 K 0 >�: < @)6 C @H7 ^ K 0 ( g .10 A ^ K_K 930 :D@!A 9=0 K 0 >�: < @!6¤> 2=< : 023< 4u4 230 @ ^ :RK < 6 0 7 < 6 j * 0 l�(

� ;=���+����	��#���F�
- 	������=	����!���N�ZP ��� �H&��>&O��!�Z�
- 	������F��������Ca-.����& m �
�?E?���������I��$D	��N< 	����I�>$#( ��-\(��
	��	���i��%$��� V��0W m ����� V��0W m ��$�	�� � �
��<%���Z$��
<NJ������=C��������?�
&)@ � 	Z�N�F(�����E>���NO"�!( �%$UV���E2	��N��$!��@ "#@# V%$R������� JB��� 	����I$#��&��X���%b��>$h	��[�����
&�C�<N�X<N�N$��I���ZgF$U������� J



�2����� �2����� � � �
k

3 0�� 0�3 � 5�����¢ < �d���S� �65»  5»�B¡1���O¢g .10u9=0 >@)617 8 4 9=959=0 K 0 >�: < @)6 C @H7 ^ K 0 %
� e � , - 4 95^1930 7 :R@W4 8S8 KUX©4 .1< I .102 K 0�`!0 Ko@�A�> ^ : 9 :=@P: .107t4�:�4 ( £ 6 8 4 2 : < > ^ Kb4 2 � e � K_@[@ E!0 74�:�: .S0Pe A�g 4!617 « c ' 0�`)0 6;: 2 4�: 0 7 ^123< 61Ip: .10E2=^ 6 ( g .S0K 0 6SI!: . @!A�: .10Y2=^ 6 Cr0 4 93^12=0 7 L Xµ: .S0 &
0 4!6S7 }

0 A C \E>�K_@[> E�9�- 4 9 >@ Cr8 4 230 7�4!617 > .10 > E�9 @!6: .10�e A�g 4!6S7 « c ' 0�`)0 6;: 2 4�: 09i-�02=0�C 4!7 0 (
D 4 230 KUX!v ^ 6 9=^S< :�4 L K 0�2=^ 6 9d8 4 939=0 7�: .10�Poe �¤4!617 � e �¤> .10 > E�9 ( P @ 2¦0#F 4 CE8 K 0 v < Ao: .10 >@ `)0�2I;4 9 @!AB: .10 '�� � - 4 9 7 <_932=^18 : 0 7 D 6 - @ ^ K_7 . 4 `)0Q0 6;: 0230 7?: .10 7 0 : 0 >�:=@ 2 4�617?>4 ^19=0 7W4!6 0 K 0�` 4�: 0 7L 4!> E I 2 @ ^ 617 2 4�: 0 ( g .S0 4 ´B0 >�: 0 7 23^ 6 9u- @ ^ K_7 8 4 9=9 : .S0 Poe � 4!6S7 � e � > .10 > E[9 4 9 : .10p0�F : 2 40�`)0 6;: 9¦- @ ^ KU7 L�0 I 0 6 ^1< 6 0J8S. X 93< > 9D0�`!0 6;: 9 ( g .10�2=^ 6 - @ ^ K_7wv . @ -�0�`!02 v LN0�2=0 - 0 >�: 0 7 LN0 >"4 ^S9=0 @�A0 K 0�` 4�: 0 7 L 4!> E I 2 @ ^ 617�K 0�`!0 K 9 ( P @ 2 : ^ 6t4�: 0 KUX!vw61@ 2=^ 6 95-/< : .µ0 K 0�` 4m: 0 7 L 4!> E I 2 @ ^ 617 95-O0�2=0 A§@ ^ 6S7< 6P: .S0 « c ' 8S. 4 9=0 v L1^ :¦4®6 ^1C®L�02 @!A 2=^ 6 9/-�0230q2=0C @ `)0 7¤A 2 @ C : .10q2=^ 61K <_9 :fA§@ 2 @!: .102/93<_Cr< Kb4 2>@)61> 02 6 9 (

�1��� 0�6 = ! �76

g .10 �
«
� A @)6;: 0�c 4 2 K_@µ4�617 ¯ « 4�61KUX 9=<U9 >@[7 0 v
� « � A ¯ « v - 4 9 : .10 A @)6;: 0¤c 4 2 KU@ 4!6t4!K�X 93<_98 4!> E 4!I 0Y^1930 7 L Xµ: .S0 � « � >@!K_Kb4 L @ 2 4�: < @)6 j *1&l�( £ : - 4 9�^19=0 7 :R@ 812 @H> 0939h2 4 - 7t4�:�4WA 2 @ C : .107 0 : 0 >�:=@ 2 A§@ 2 A ^S2 : .S02 4!6t4!K�X 93<_9 4!617¤:R@ 9=<_Ch^ Kb4�: 0 : .10 7 0 : 0 >�:R@ 2 ( g .10h812 @ 8 4!I)4�: < @)6p@!A 0 K 0 >�: 2 @!6 9 vI;4 CrC 4 9 4!6S7 �cO0230 6 E @ `�81. @!:=@)6 9¦- 4 9dC @[7 0 KUK 0 7 ^19=< 61I  � � * 4!6S7�6 0^ : 2 @!6 812 @ 8 4!I;4�: < @)6 - 4 9C @[7 0 KUK 0 7 ^S9=< 6SI A c « e ( g .S0 � « � A ¯ « 8 4�> E 4�I 0 >@!6�:R4 < 6 9 4qA ^ K_Kz7 0�9 > 23<_8 : < @)6E@!Aw: .10 7 0 : 0 >�:R@ 20 K 0 >�: 2 @)6 < > 9 v1I 0 @ CE0 : 2 X!v1: 23< I)I 0�2f9 X 9 : 0C vz7t4�:R4r4�> °�^1<_93< : < @)6 9 X 9 : 0�C 4!617 2=0938 @!6 9=0 A ^ 61>�: < @!6 9 (

�1��� � AB%5�
* 0 4  �%5�
-  «
��� ^�� �	�
� X���� ^������
���d^�� � ���U^�� Z � � k � ��� ��� � ���_^�� Z � � �  � ^���� � �����������1^  ��� � ��� �  E �!� � ^���� � � ��� �«
�^ � � ��� cO^�������� �#" � �� �$����% g � �&�
�����'����� ��� � �� � � �����1^ � � � �)(*� � � ��� �$���+��� � � � " ��� v �	�
� � �,� ����� �	� �^����$�-�
� ��� � �

«
� �/. " �����
�&�$� ��0 �����&� " �  � �	��� X ��� � �  � ���1( � �2� � ��� � �  � ��`!� " ^���� � X % � � ���  �+� ���'� � �

� � ��� �3� � ��� � �  � �U`	� $� � � ��� � � ( ��� � ��� ����� 0���� ���4���$�!� � ��� 0 �����2��� �5� ��� ��� �$��� 0 � �
� �6�7���
�  ^��������
��� ��� �5���/. �  �8�	"�� ���$% º �$( � ���D^����3�
� ��� � �

«
� ��� � �  � � � v � � ���&��� � � � � ` X � ��� � ��� �9�:0���� �$� 0 �����

" ^�����s8��� � � �����3^���� �������;��� ���!� � � � ��� � " ^���� � X � ��`!� � � 0 �����5�'� � % ¯ ����� � � � � �	��� X)v �	����"��<� � � � =�� � " ��Z
����� � � � ( ��� � 0���� ��� " ^�����s  ��� � � � � ���  �
�  ^ �<��� � � �>� X � � �$�&� 0 �$���?�1^�� �
� (*� � � � � 0 � � ��� � �  � �U`�� � X
" � � X " � � " X � �$��� v ���$(*�$�����$� � � � � �

«
� �	� � ��� " � � X " � � " X � �$���	%g � ����� 0 �$��� �@0 � ������� " �$�����$� �A0=��� ���;� X � � �$�&� � � ���B( � � '�� � � ��� � ���B( � �o^ �C� � �5" ^���� C � � %º � ��� � X � � ���'� 0 �$���®^������ � � " ^����
( X � ���D���$�)^ ��� � � X � ��� � X ��� � 0���� �$�3���E� �  � ��� � �  � � �3�����!� � �F%g � �����G� X � � �$�&� � ���+� � 0 �����  ^��������H%



�2���!��� ��	�� � � �`��	�� � � ��K

3 0�� 0 / � � � 9O¡�� �o¡65��
C � � 0=� � ��� E����1���
���  ����� (*� � � ��� �?�'�����G�
	 "�"���� % ¯ ( � ���#( ����� �
��� � � � ��� "���� � (

¸)k
0�0 (*�$� � v ��� �

0=��� ��� 0=� � � �,� 	�� ��� �$� 0 � ��� � �
� 0 � �  � �8� � � � �6� ����� ��� �$�F% g � � 0=��� ��� "8� ������� ��� � � 	�� � �
��� � �$� ��� � � � � ���$� ��� �&� � �&� � ( ��� �&���
��� � � � ���

«
� � ��� � � % £ �+��� ��� "�� ������� ��� � � 	�� �-� �	 �
� ���

�&�$��� � s �
� �$� �� �����
� � �
��� � ( � � �$� � (A� � ��� � ���  �8� � �� �	�H� � � � �	" ��� ���!� "8� � � �  � ���$% £ �'�&�$��� ��� � ���
� � 0 ��� � ��� � � � ( ��� �
�Ds �
� �$� 0�� � ��� 0 �&�  � � �ps �
� �$� � � � � �	" � � � s���� "8� � � �  � ��� ���8�,� ����� � �����$�F%¯ �3��� ��� " � �
� �5��� � 0���� �$�7��� � �$���$� ��� ��	������$���!� � 	���� ��� � � � ��� � � �>� ��� "8� �����$� ��� � � 	�� � �  �8� ���
�� �	� s �C� ��� � � ����� ��� � � ��� � ���  � ����� �$��% £ � ��� ��� �$� � ������� � ���$���
��� � (  ��� � � �-�/.  �8� ���	� �����������
� � ���$� ��� �'��� � �	� �$� � � � ����% g � � � ����� � � � � � (  'dg ¯ ( � ���&�$� �� � "�� �/. ��� 0 � ��� � � ���  � " �  �
���+���
��� � 0���� ����% g � �$��� 0 �$��� ����� ��� ���1� � ��� ���� � � � � �G� � ( � �����$����% g � � 0���� �$� 0=� � "8� ������� ��� � � 	�� �
� ��� � ������� � ��� � ���
��� D ��� 	���� �3� � ���$� ��� �'�
��� � � 	�� � � �
� � ��� � ���  � �,��� �$��% ¯ ( � ��� ��� � D � 	���� �+�
^ 
 ��� � "'0�� ��	������ � � ����� � E�� � 0 � � � � ���$� � �
������� � ��� � ���  � ����� �$�B�
� � � � � � � ���  ( � ��� 0 � �  �
�� 	 � �>� �+���$� ��� ��� � � ��� �+� � ���@�/.  �8� ���!��	���� �=���8�,� ( � ��� � 0 ���F%¯�� � �� �$��� ' �$� � ��������� � ' � � 0�� � ��� ��� 	������ � � ��� � � � 	�� ����� ����� � ��� ��� � 0=��� ���$%"! � ���
"�� � � � ��� ���$� � ������� 0���� ���  � 	������ � � 0 " �������
	����$�=����������� ��� � � A$# �� �����  � � ��� 0 � �  �)� �$� � � � 	�� �
����� � E � � 0 �F% # � " ��� � �$� �B��� �
� v ��� � 0���� �$� 0�� � "8� � � � �����%� ����� � �����$� 0 � ���&" 	����

«
� % £ � 0�� � $� � � ���

� � � 0 � ! �6�$( � ��� � � ��� � �$����� ��� � ��� � �  � � �$% # � � � � 0 �$� � ��� " ��� �,� 	���� 0=� �  � � ���$� � �7� �3� � �
" �$�
�����&	  � � A�# � � ����� � ���'��� � � � �!�  �	� �!� � 04��� ��� ��� �5��� � �  � � ��% ¯ � ��� ��� � �
� 0 � ( ��� �2C � � � � � � ���'�
���4� � � 0 �E��� PA�
�'	���� � % } %
3 0�� 0�3 ( 5��]� �)� �o¡�5��
# � �����
	���� � �
� � ��� � � � " �  " 	���� �*� � K�K % K � � �,+ � � �%� '�� � ���8��� ��� � � � � � �$��� " ��� � � � 	�� ��� 	������ �
� �
��	  � � � �A��� �  � � � 0=� � � � � ������(*� � � ¯ � � �&�  :���$��� � � (-! � � � � � � � �H% º �/( � ���B� �$����� " 	�� " �$�?��� � �
��� � �  � ��� � .� ������� � ( � � ��� �0/8��� �#� ���'� + ��� � '�� � 0�� � "8� ������� ��� � � 	�� �E� ���$�����$� � (;� � �>�/.  �8� ���	�
�� � 	��&��� � ��� � ��� � ������� � ��� � ���
�1	���� �4� � (2	�� ��� ��� ��� " � ��� � ��� �q°3	 �	� � �*� � ( ��� � 0=�,� ���$%

# � � " ����� � � � (2	��  � � � � � ( ��� � '�� � 0=��� ��� � � � � ���'� �&	����
��� ��� � � �
(*� � �
�&� � ( ��� � �/. " �$���
�&�$� �
0=� � � � " 	����C( � � ��� � ��� �4� ��� ���/. �
� � �
��� '�� � % ' 	�������� � � � ��� �4� + '�� � 0�� �  ���  	 �<�,� ��� ��� � � 	�� �
A � � . � � C # � � � � � ���$� �� � 	��'��� � � � �����'	 ��� �A� � ���
� � � ��� � �$���'����� ��� � � � � 	�� � � ( # � " ���$����� � %
� �  � ��� � 0=�,� ��� ��� � "8� ������� ��� � � 	�� �?��� � � ��� ��� �� � 	��'��� + � � ¥ � 0 ��� ��� � � 	�� ��� �	 �
� � � / �
� � ��� � � �
	���� � � � �����
	���� ���8��� /8�����B(*� � � ��� � � ��� � ���6��� � �������&� � �="�� ���=�
� � � ��� �3��� � �  � � ��% ¯ � ��� ��� � �
� 0
� ( ��� � '�� � � � � � �$�&�5���4�	� � �$�E�
� PA���'	���� � % ¸ % # � � � ��� �4� � �  � ���_°3	��$� 0 � ��� � � 0 � �2�����  	��������F%

3 0�� 0� � �S�H� �¦�
# � �G� � ��� � " 	���� �*� � ( ��� � 0=��� ���5���>� �  � � ( ��� � ��� ����� 0���� �$�5�����!� � ��� 0�� �#�'� � �5	������ � � �����'	 �<� �
� ��� ��� % # � � 0���� ����� � � � ���'� 0 ������	������ � �1 �
�  	 �<��� � 0=�,� ��� (*� � � ��� � ��� � �  � � � ��� � � 	�� � ��� �



�2���!��
���	���

��`��	���
�

�0

FI170

PI126A

To Drain

Cavity Surface / Bulk Assay

V143L

V229L

PI094

V151L

V550LV551L

m1 µ

V535L

V558L

V570L

Forced Drain

PI032

V9Y

V530L
VV4V

Z1V
70m

V135L

V155LV147L

V531L

PI105A

185 nm

PI178

FI129

Z2Y

V7Y

FIT108

FI
T

12
1

PI
12

0

V536L

70m

FIT109

PI087A

Drain

254 nm

PS190

X1V

JF 29 Sep 2004

V4Z

V3Z

V1X

µ

X3V

m10

V7Y

V
47

9L
V

54
9L

Drain

Drain

Y1V

V467L

Monitoring
LiquiCels

V255L

V254L

V9Y

Z2Y

Water
INCO

Tanks in

the mine

Multimedia
Filter

FilterCharcoal
FiltersSofterners

o

o

HTiO HTiO IX

From
Sample
Points EDTA

Deaerator

To PSUP

To Cavity

Cavity
From

P26

H2O

MDG

FR

P05

4  C

10  C

Zeolite
Osmosis
Reverse

PDGUV−01 UV−02 Chillers

Control tank
Level

10 Tonne

FR

P11

SRG

to Assay Skid

UFR

Points,
Sample
PSUP/Cavity

Sinclair Regasser

AC

Process Degasser
Monitor Degasser

UFR

SRG

HX−02

HX−01

IX
−

01
..0

6

IX
−

11
..1

6

PDG

P15

MDG

Ultrafiltration Unit
0.1 micron filters
Absorption Columns (MnOx)

UFR
FR
AC

Columns
Ion Exchange

PA���	���� �% }�
���$� ���� 0

�( ����C
� �

� �� ��$�&
�$%PA�
�'	����

"� ��������$�E
� �

�%P ���������%



�2���!��
���	���

��`��	���
�

��

FI276

FIT001 FIT003

E12M

PI264 FIT287

JF Rev. 6, 1 May 2003

1T

FI639

PI646

E13J

PI
63

2

FI
63

0

PT
60

5

FT
60

4

J1D

UFR−12,13 G2M

M1G

UFR−10,11

E1J

E8F

E2J

E2J

PI
43

8

E1J

C2J

E11J

V169H

VE−01
2T

J7E

PI230

FIT229

PI250

PI
25

2

PI
21

5

PI286

FT609

PI640

F4D

F2E

Bypass (excludes piping to deck)

J8E

FT
21

6
E9G

F8E

C2J

C1E
70m

E8C
70m

D5EDecay
Tank

J1M

FI619

CI602

Sample
Bottle

60 T

J1M

Brine
Tank

FI251

E14J

FI275

G1E E2FE6G
D6F

ROP−3

HX

MDG

P26

TO DECK

P06

Seeded UltraFiltration

P01

FR

ROP−2

FR

High Flow AC

R/O
Reject
AC

From

Points

Level
Control tank

Sample

AV/Deck

to MDG
Points,
Sample Desalination Mode Lines added

ROP
01

Normal Mode Lines

Ultrafiltration Unit
0.1 micron filters

UFR

UFR
FR

Absorption Columns (MnOx)AC

Process DegasserPDG

Monitor DegasserMDG

Reverse Osmosis FilterROF

ROF

ROF

ROF

ROF

FR

FR

UFR

P25

UFR

ROF

Reverse Osmosis PDG

P80

D2O

PA�
�'	���� �% ¸�
����� ��
� 0

�( ���� '�
� �

� �� ����'
��%1PA�
�'	����

"� ��������$�E
� �

�%P ���������%



�2���!��� ��	�� � � �`��	�� � � � �
���  E � ��� " " � " �
��� 0 � �$���D� �&0�� � � ��� �4� ��� � �/( � ��� � �'0=� � ��� � 	�������� � � ��� �E��� � �  � � ��% # � ���$�
�� � "�� �
�&�$� ��� � �'� �  � ���_°3	���� 0 �$����	����$� � ��� ��� ����� � ���+� � 0 ���$�  �����6���H%

� ��� � � ����� ����� �����

@ ��� ���3(*� � � ��� � ��� � �  � � � 0=� � "�� ������� ��� � � 	�� �1� ����� � �����$� � � ���$� ��� � ������� � � � ��� � � �����$% # � �
����� � �����$� 0�� � �� �����  � �$� � � � � �  	 	�� � � � � ��� 0 � �  � ����� ��� ��� D �'� �?��� E��
��� � � � � � ��� �!� � (H� � �
� ��� � � � � � ����� " � �
� � $� � "8� ���$� 0 � ��� � ��� ��� � � ������% D � 0=� � �� ��� �  � ��� � � � �� � �"� � �U°3	���� ��� � � � �!���
� ��� " ��� �,� 	���� � � � �	" 	�� � � � � � � 	 �

¸
� � �����$� � ( '�� � � � 0 %

}
� � ������� � ( C � � ��� � � �$��� " � �  ���������H%¯ ( � �$�B� . � � �  � � � � + ��� � � � 	��	 ����� �$� D � 0�� � � � � ��� (*��������� � � � � 	  � �  � �
� � � 	�� � �$� � � � � A�#

� �+�� 	�� � ��� � �	��"��8�2"8� � � �  � ��� " � � � 	  ���'� � ��� � ���  �4� � ( � � � D �H% # � � � � � 	�� � � ( D ���'� � �
	����$�
	����
��� ��� �
�7�'� ��� � � 0�� � � ���
���  � �'� � �
	���� � ( ��� � � � � 	�� � � ( 	�� � ���%	��  ��� ��� �  � � � � �*� �
� ��� �
��� � �  � � ��% # �  � ���  ��� ��� ��� � � � � ( ��� ��� � �  � ���_°3	�� � ���+�!� � ��� ���
	 � ��� %
��� ��� �������� ��� ������� ��� ����� ����� ���¯  � ��� �  �6� � ��� �� ��� ��� 0 � ��� A � ��� � ������� � .��
��� � A � � . � 0 ����� 	����$� � � / ���B�E" � �%��" � � " � � �����
�� � 	��&�H% @ �,� ���2(*� � � � ��� � ( ��� � ��� �����'��� � �  � � �+���$�!� � ��� 0=� � "8� �����$� ��� � � 	�� � �@0 �E� ( ��� �����
�� � 	��&����% ' �
��� � � � ��� D �&0�� �7����� ��� ��� (*� � � � � � 	 � � � � � ��� � � ��"�" �$� � � ��� �?�6� � ����% � �  � ��� �
� ��� ���'0�� � �� � "�� � � ��� + ��� � �� � 	��'��� 0 �����7���$� ��� ��� + �������$� � ��� �� �����  � ��� � � � �  � �  � � � � ����� � 
! � 	�� � �$� �  � ! � % � � ��� � 	�� D � + (*� � � ��� �E���  ��� � (

� � c D �-0�� � ( � �  ��� ��� � � ��� �  � ! 	��������
��� � � � �!�$� � � �$% � �  �>����������� ��� �  � ! + ��� � D � ���  �4� �$� " � � � 	  �����  �8� ���	��� " � � � ���%	�� � � ���
0 � �  � 0 �$��� �������  � ��� � � � � � � ��� � ����� � ����"��8� �� 	�� � ���'� � �&� � ��� � ( � � � � �  � ���  /8� � �F% # � �
� � � 	�� � � ( D �&� ��� � �$�  � # � ��� ��� � 0=��� ��� 0�� �#����(*�$�����$� (*� � � ��� � � � � 	�� � � ( � � �'� � �
	����$�
� � ��� � �� 	�� � ������%1P 	�� ��� ��� ��� ��� � � � � ( ��� ��� �&� ��� � �  � �>�6�2( � 	���� ����	 � � � %

��� ��� ����� � ��� ��� � ��! ��� �������"� � � �#� ����� ���

@ ��� ����(*� � � � ��� � ( ��� � ��� ����� ���$�!� � ��� � ( ��� � ��� � �  � � � 0=� � "8� ������� ��� � � 	�� � �@0 � $� � 	��'���
�� � ��� �����
��� �'���?��� � ���$� $� ��� �$� 0 � ��� � � ��� � 	�� � � ��� ���%	�� � . ����� � C # � ��� % D � ��� 	�� + ��� � ���%	��
� ��� � � � � 0 �$��� � ��� � ���6���1� �D��� � C # � � % � �  � � . � � �  � � � � 0=� � $� � "�� � � � + ��� � �� � 	��'��� 0 �����
����� ��� �$�>(*� � � ��� � 0���� ���4� � � � ���'� � ��� ��� E	�$� � � �5	���( �  � 0 � ����� ��� � �  � � � � �*�'0=� ������� ��� �$� � �
� � 	 � ����� ��� � �� � 	��'��� 0 � ��� �

}
� � � ����� � ( 0 % � � � � 	%$ C ! � % # � �
�5� � � 	 � � � � 0�� � �� �  �$� � � ��� ��� � � �

/8� �	� �	� � 	��'� � ('&2� �8� ��� � �����$� � � � �_°3	���� �  �
� � � �
�<��� � ��% # � � � � � 	�� � � ( D � �
� ��� � � � � "�� � 0=� �
��� � �����'������� 	�������� � � ��� � �	��"���� �� ���  �����$�  � $� 	�� � �
��� � ��� ��� � � � � 	�� � � ( # �1� ��� ^ " �������$� �
��� ��� � 0���� �$� 0=� � ��� � �$���'�����$�F% # � ��� � ��� �4� � �  � ���U°�	��G�
�4�����  	�������� ��� ��� ��� � � ����! �8�	" � ���

}
%

� � � � � � � ( D � � ��� # � ��� ��� � '�� � 0 ������� � � � 0 �������+� � � D � � � # � $� � ��� �'��� �,� � � � ���
��� � " � " ����� �6� �@0 ����� ��� � � 	 ��" 	 � � ( ��� � � ��� �4� �� � 	��&��� � ��� ��� �?��� � 	���� � � ��� � ��� � �  � � � 0=� �
� � � � ����� � ���!�
� � ��% ¯ � ��� �����7� � 	��  ��� 0 ����� � ( � �$� ��� � $� � 	��&��� + ��� � � ���
� � � �4� ´ �  ����� �3�'� � �
	����$�
� ��� ��� �  � � � � �*� % C � 0 � � �$� + ��� � �-0 � 	 � � ���$�5	 �C� ��� /���� � � � � � 	�� � � � ( �  � � � � �*� � �$����� �
� - �  � �$�



�2���!��� ��	�� � � �`��	�� � � � �

��� � � ��� �D��� � �  � � ��% # � �&�
�����'����� ��� �
� � �  E �!� � 	���� + � ���  E � � � "  � � � � � � � E "����  �E� �/( � ���
� �  � '�� � � ��� �4� % # � �
�2��� �!� � � �$�  ���  	 ����� �
��� '�� � � � � 	���� �  � � ����� � ��� " 0 � �  � �� � ��� �����$� �
������� � �:C # � � �� � 	��&�)( � � �	"�" � � . �
� ��� � ��� � � � 	���� � �/( � ��� � '�� � � ��� �4� � �$� � �F% # � �
�4���$� ��� �$�
� � � �����!����/  � � � D � $� � ��� �'��� ��� � � �F% # � ��� " � �� ���&	���� 0�� �7� � �2" �$��( � ���&�$� ( � � C � � � ��� ��� � � �
��� � ���
�!� �	� � ������� � ��� �
� ��� � � ��� ��� � � � "�� ��� 0�� � �	"�" � � . ��� ��� � �%� � 0 � �
�&�$� �<� ���!��� ����� � ��� ���
� �  E �!� � 	����F% D ���5	 �
� �#(*� � � ��� � ��� ����� #���� 	 
�� � �&� ��� � ��� 0 ����� � ���'� � ��� �!� � 	��'� 0 ����� � � ��� � �
" � ��� ����� � �'� � �
	����$�&�$� � � (

�
�
� # �E� ���

�
� C ^ �� �  ��� � � ��� � � ���5��� � �  � �����!� � � � ( ��� �+��� � �  � � �$%



� � ��� ���	� �

� � ������� ��� � � 	

# � ���  �8��"�� �$�#� . � �&�
����� + ���>�!��� ��� ���4��� ��� � � + � � 	��  ��� � ( � �  E �!� � 	����>( � 	���� ��� ��� � ��
 � ��� � �  �
� � �$% � 	�������3	��$� �  �8��"�� �$��� ��� �	�B0 � ��� ��� ���
� �'� � �
	����$�&�$� � %�� "�" � � . ��� ��� � �%� � 0 � ��� ��� 	 � ����� �
��� � �$� �  � � � ��� 0 ����� �/. " �  � ��� � �1��� 	�� � �  � � �4� �
� ��� � ��
 � ��� � �  � � �$% # � � � ������� � ��� � � 0
� � �$� � � ��� � $� 	 � �-� � � � � 0 � ����� � � �@0 �$��� � 0 � ����� 0 C �'( � � ��� � � A$# � � ��� � � � 	���� 0 % � C �
( � � ��� � 
 ! ' � + �������  �,� ����� ���8��� � ����� � � � � �	� � � � � ��� 	 � ���
� � � � ��� � � ��� 	�������� ��� ��� � ��� � �  � � ��%
# � �����3� �  E �!� � 	����&� � ��� � � 0 �����  � 	������)� �'� ��	��?� �$� � ( " � �  ��������� � ��� �� 	 � �&�6� ��� � �
�����'��� � �
�@0 � ��� � � �  �<� �����$� � ����� � �5	��&�$� ���	� � ��� "�� � ���  �	� %��@��� � �
	��'��� ���	� � �  E��	� � 	������ 0 ����� � ��� �� � ��� �$�
0 � ���-��� � � A�# � ��� 
 ! ' � � �  � � � ���  � � ��� 0 ����� � � �
� � � �6� ! ��! ��� &�� 	 
 � 	 � � ��� � ��% � � � ���  �	�
� �  E �!� � 	������ 0 �$��� � � ��� � �  � 	������'� � ��� �	�8"�� � ���  � " � �� �$������� + �5	  �&� � � "��	������� � � �G( � �
� � 0 ����� ��� �
"8� ��� � �!� � ( � �� ���&�  �	 � � ��� � � 	�� � ��� �'��� � �  � � � � �+� � ��� � �  � � � �����  �4� �$% # � �&� � -�� ��� �*� � (
����� � �5	��&�$� ���	� � ��� "��3� ���  ��� � �  E��	� � 	������ �� 	 � � �6������� ��� �$�D(*� � � ��� � � �,��� ��� � � �E�	"�"��%� �����
��� � �  � � � �  ��� � ����� � + � �  	 � � + � � ��� �+� ����� %��#� ��� �  	 � � 0 ����� � � ��� 0�0�� ��� � �  � � � � + � � ��� � ��� �	�
�
� � � 	�� � � ( ��� ������� �  E��	� � 	������+����� � �
����� �
� ��� � � ����� ��� ��� ��� � � ��� � ��� �	��� � � � 	�� � � ( ��� �	�
� ����� 0�� � � � � � % # � �  	 � � 0 �$��� � 	����$� 	�������� A � � � �"! � � � � � ���  �	� ����� ��� � � � � �����-� ��� � � �
�� � ��� �&�
� ��� � � � � ���'� �  ����/  � � ( ��� �5� �����G� $�� 	�� � ��� ( � ��% # � � �@0 �  ��� ������� � (F� �  E �!� � 	���� 0 � �
�
� � 0 �6�������  	��������E���>��� ��� � � %

� � � � ;$ �%5*:!$- �
; %5A # 3/A � ����*', !$;$2$ 

# � �1� � �
�  � 	������ � (G����� � �5	��&�$� ���	� � �  E �!� � 	������E�
� ��
 � 0 ����� � ��� �� � ��� �$� 0 � ��� � A�# � �

 ! ' � � �  � � � ���  ��% ! � �&� � � � � ���$�>( � � � A�# � ���  � 	����$� � � �  � � � ���  " �  E 	 " +  � � ��� ���	� E +
����� � E � � 0 � + � ����� �  �����  ��� ���!� � ��� ( � � � 	���� � ( ��� � � A�# %;P � � ��� � 
 ! ' � + ��� � ��� �  � �2�
�  � 	������
�&�  � � ���
�  �8� ���!� + � �  � �
�<��� � � � � � �
��� + � � ��� � � � � �
��� � 	  � 	 ��� � � ��� � ��� � ( � � E �'� � �$� � ��%

 � �  � � � ���  " �  E3	 "1� � �  � �$� � � ���E��� � 
 ! ' � ��� � A�# � ��� �4� �$% A. � �$��� �	� ����� 	����  ��� � �
��� ����� � � � 	 � � � �  � � � ���  � + �5	  � � � �&" ����� � � 0��	� E �
��� � � ��� � ���  E � � ��� � ��� �G��� � �  � � � � � 	����
� ( � " �
�  � � (3� � �  � � � ���  ���3	�� " �'��� � +  � 	����$� � �
� � � � ��� � � ��� �$��%�� � ��� � � � �$� � � �,� � � � ��� �

� �



��� ��� �:���`� ���� � 	 � � ����� ����� ��� � �

� A$# � ��� �4� $� 	 � �  � 	���� " �  E3	 " � � ��� � 
 !
	 � � �  � � � ���  � � ��� � �  � � ����� � % � � �� 	 " � � �$� � �
0 �$��� � � ��� ��� � .  � 	������ (*� � � ��� � �� # � ����� ��� ��� � ��� � � /8���$� �	���  �8� ����� � � � � ��� � ��� ���  � ��� �$�
� ��� �8� � �  �8� ���!� ���8�,� ��� � �$�!� �,� ��� � � ����� � % # � ��� 0�� �  � � � � �%� 	�� "�� � ���  �	� % �@� ��� �  � ��� � ( ��� �

 !
	7� + � �  � � � � " � � � � 0 �$��� � ������� � ��� � ��� ��� � " 	 � ��� � ����� �$� � �$� � � �,� + 	�� � � � � � ��� 	 � � � � � �
�	��"���� � � �$� � %

# � � � � � � �� �'� � � �� # ����� � �
	��'��� ���	� � � �� �!� � 	���� 0=� � ��� � � � � � ����%�� �<� � � �$��� ��� 	������$�
0 � ��� � ��� �� # � � � � � � � ��� ���!� " 	 � ��� � ( � �
� �9� + ��� � 	�� � �2� � � �  � 	����$�-� � � ���,� �  �����  ��� ���!�
� � �'� 0 � �$��������������� ��� � �� # + " � � � � � �%� �
� ��� ��� � � � ���G� ��� �� % # � � "8����� �$��� � ( � � � �� # �#( � �
� � � � � ��� 0=� � 	��
	 �	����� �'� ��� �9� � �
� � " ��� + � ������� � �$� � � ��� � � "�" � ��� � �G������� � ( ��� � ��� � �  � � � � � ��� �
�� # �������+" � � � 	  ��� � � % # � �
�2��� � �$� � ��� �H�$���$� �2� � � ��� 	 � ���
� � � � �$� � + 0 � ����� ��� � "8����� ����� � (
� � � �� # � 0=� � � ���'� � ����� ���
����% # � �
� �	��� � 0 �$� � � � �1�����  ���
�&�
� ��� � � �E� � �@0 �$��� ��� 	 � ����� � � ���
� � � � ��� � � ��� � �$%

� ��� � � � � 0 � + � ����� �  �����  �8� ���!� � ��� �� # ( � � � 	���� � � ��� � � 0 �$��� � �$��� �� �&� � � + � 	 � � � � �
�
�����$����� � � �6�4���$� ��� �$�'(*� � � ��� � � ����� ��� � % # � �$��� � �
� �  �8� ���!� � ����	��3	��
	 �	�  � ��� �4����� � ���
� 	 � � � �
�	��� � 0 ��� ��� ��� � � �6� � � ��� ��� ��� "8� � ��� �$��(*� � � ��� 	 � ����� � � � ��� � �$% � (2	 ��� �����  ��� "�� � � � � ( ��� �����B� � �$� � �
� ��� ��� �$���4����� ��� �	� (*� � � ��� �+� ����� ��� � ���4�	� � �$�E�
��	 � � � %

�#� 
 !
	 ( � � � � � ��� �=0�� �=�6� � ��� � ��� � � � �  � 	������ � � ���
�  �8� ���!�3�
�����
��� � � � ���
���  � 	�������� �
" 	 � ��� ���8�,�F0=� � �����8�  � ���F%���	  �+" 	 � ����� �8� � � ���  �4�7� ���'�;�	  � � � � � � ��� ���8� � ���8��� � ( � ��� 	 � � � � +
�	��� � 0 �
���1� �'� � �6�  	 � (*� � � ��� �E� ����� 	 � � � % # � �D� � �'��� � � � � � 	��  � � ( 
 !
	 ����� � �5	��&�$� ���	�
� � �� �!� � 	������ 0�� � � �  � ���<�,� � � � � � �
���  � 	����$� � � " � �� 	 " ��� ��� ��	 � � � � � � �$�E% # � ����� � � �$� � �
�� 	 � � � �2����� ��� ���>� � ����3	���������� � � �$� � � � � � �����!�!�$�=� � ���)��� �2� �8��" �$��� ��	�! � ���>�����!� � �
����� � �����
"8����� ��% � � ���-"8�,��� � �8� � � � "�� � � 	���� � �����!�!�$��� 0 � �  � ����� � 0 ���1� � �&� � � ��� � � � � �6� �������  � ��� � �
��� �?� � ���
� ���8�,�3��� � � �����D� � �3� �����!�	��� � ��� � ( ��� � "8����� ��%�� � �&�G� � � � "�� � ���  �2� � �$� � �+���$� � �
�����
� ��� ��� �$��� �� 	 � �>� �+����� ��� ����	����
��� � ��� � � ( � �����  � � � �������  	 � � 	 � � � %

��� � � . 4��59 ��A�� 3/A � ���! #"!$$;&%&�

� � � ���  �	� � � �� �!� � 	������4�����  ���
� � � � � � � ��� �  � 	����$� � � �('*),+ "�� � ���  ��%�-A. � � "�� ���B���  � 	����#�	 � �
( � ��� � 0 ����� + � � + � � ��� �  � � � ��� � ���-� � ��� � �  � � � �����  �4� �$% # � �$���)� � �$� � � " � � � 	  � �!��$����� �	��� � ��� �9�
����� � ���
� 	 � � � ��� ���8���  � � � � ��� �����'� ��� � � � ��� 	 � ����� � � � ��� � � � ��� � ��� ��� 	�� ��� �����$� � � � � ���'��� ��� �
(*� � � ��� �+� ����� % # � " ��� � ( "�� � ���  �	� � � �� �!� � 	������ � ����� � 0 �����  	������$�F%

�/.102.43 5 6 �87:9<;�7:=?> 6 ��7A@ ��BCB���DFEHGI9

- � ��� �,�G��� �&��� "���� � (/� 
:J + �� ���&�  � 	 � ��� �� 	 � � "�� ��� ��� � � 	�� �1��� �&� ���� ��� ����� 	�������� � ���
��� � �$� ��� � ��� � �  � � � + " � � � 	  �
��� �!��$���$� �	��� � � ��� � ��%K	.	�� � � ��� ����� � �
� � ��������� � + ��� ����� �	 � ���
�  � � � ��� �$� � /8���$� � �E�<� ���!� �3	��?�6��� � ( �� # � � ( � ��� � ��� ���8� � � � � ��� 	 � ���
� � � � �$� � % �3�G�5	  � +



��� ���������#���	��
����
������������������ � �

�	 � ��� 0 �$��� � � ��� ��� ����� ��� �$�1(*� � � ��� � � ����� ��� � � �D"��<�  ����� � � 	 "�" ���7� � 	���� � � ��� � �����$��� �
� (A� �  � � � �$� � %

 � ���1�����  	 �
�>� � ����� ��� � 0 �$��� ��� �1� � ��� � � ���8��� ( � �
� � 0 �$� ��� �1�	 � ��� +  �	��� ��� �	 � �
( � ��� � 0 ������% �3� �	 � ���>��� � �$������� ��� � � 
:J ��� � �  � � � �8� � � �
� � �����$���!�
��� + ��� � � �� 	 � �  � 	����
� "8�	�
�<��� � � � � ( ��� 	 � ����� 	�� � ��� � . � �!���'��� ��� �/	 � J �����!� � � " � � � 	  ����� � � 	���� � � ( ��� 	 � � � ����% # � �
� � �%� ��� �  � � � � 0���� � � � � ���'��� �,� � ��� �����G� � ��� � �3(*� � � ��� � � ������0�� � � � ����� ��� � � � � � � ��� �#���8���
� $ 	�������� 0 � ��� �����! E� � ( � � 	 � �F% # � �
� �����5	 �
� �$� ��� � �����!���%/  � � � � � ��� � (4��� � �  � � � � � � � � ���'�
�#" �%$'& �)( �,+ � 	 � 0=� �5���  �$��� � � �>� � ���$� ��� ��� 	 � ���4(*� � � ��� ��� ����� ��� � %

*/.102.10 + E 6-, GI;�B � 6 GIGIEH7 ,/. 7:= 60 EH=AGIEH; 01,2.43 7:9

	.	����
��� ��� � � �	�
�#"��8� ��� + ��� �$��� 0=� � � ��� �	�
� " � � � � ��� � � �*�)���8���3� 
 � 	 � � �	� !�	�������� � � � ��� � $� 	 � �
" � � � 	  � � � � �� �!� � 	���� � � � � ��� � ( % 
 � 	 � � � ��� 0 �����-� � � �)� � � � ��� � �  �	"�� 	���� � � �65 ! �+� � � � �
��� 	 � � � �  ��"�� 	����  � � ����� ���  � � � � 0=� ��( � � ��� ���!�$� ����� � ���8��� � (#��� 	 � �$��� 	��E% 
 � 	 � � � �  �	"�� 	����
� � �65 ! �  ��� �,� ��� � � & $ � &  �87 �/.  � � �$�1� ���,� � � ( �69 ! � 0 � �  � ���  �4� �$� � � � � �3�!� � 	���� � ����� �?� �
� � �'� � �$�&�
����� � � � � � � ��� � �2� � ��� � (=� � ��: � �/.  � � �$� � ����� ����% # � ����� 	 � ����� � ��� � �$� �  � � � � 0=� �
��� �$�)��� � �  � ��� � � � ! � � "�� � �)�  ����� �����
��� � ( ��� �$���7� � �&� � �$%�; � 0 � � ��� + �C( ��� �3� � �&� � � ���'� ��� ���
(*� � � �69 ! � ���  ��� � �8� �  �$� ��� ��� �$������� �  ��� � �  � �$����� � �  � + ��� ����� 0�� � � ��� ����� " � � � � ��� � � �*� ���8���
�@0 � � � �$� � � �� 	 � � �6� ��� � �  � �$� (*� � � � ��� ���  ������� � ��� 	 � ����� � ��� � �$� �  � � � �F% � � � 	�� � � � � ��� �
�� 	 � � � $ 	����
( ��� � � � �&� �  � �  � ��� $� � ��� �
����� � ���>� � �&� � ���8�,�&��� � �
	<�  �
��� � �$������� � � �
"�� � � � ���
���
� � ���!� ��� � � ��� 	 � �$� � ��� % �	% � � ��������� � �!��� ��� ��� ���8� ��� %=�%� �  �87 � ��� �,�;� � � � � � ��� � ��� ���
� � �'� �  ��"8� � � � � ( " � � � 	  �
���?>!��$���$� �	��� � ��� �9�G� � ��� � ��� �)��� � �  � � �G�����$��� � ��� ����� � � � �F% # � �
��� 	 � � � � " � � � 	  �$�1� � "�� � � � �������
� � ���	� ��� � � � �� 	 � � ��� �$�  �	"�� 	���� � � �65 ! �;" � � � 	  ����� � � � ��� ���
� � �'� �  � �  � ���	% � ��� ��� � � ���G�����  ��� "�� � � � � ( ��� � � � �	�%� ���
� � ( ��� �$���B� � �$� � �:��� �!� � ���G��� � "�" �������C.
� %

� � � �4� � 	�� � �4� � �$� � � 0 ����� � �����$� � ���)�
� ��� � � ���
� "��8� ��� � ����� 	@�!A � � ����� �;0�� � � � " � ��� ���������$�
���8��� ��� �
�?�&�  �8� ���
��� � �4�-�8� � �>� �$��� ���$� " � �����
� � ��% �#� �	��� ����� � ( ��� � � ���
� 
 � 	 � � �	� !�	������$� �
 � � � ��! � � � � � ����� ��� � ( � 	���� � A � � 	�� � ���7�
�B� �C: + � � : 
 � 	 � � �	� !�	�������� � � � ��� � � 0 � �  �1� �!�����$�
0 � ���1�)��� � � ��� � �  ��� ��� � �
� ��� � � ( �  � � 	�� � �?� � �$� � �G�
�D� �C: + � � : 
 � 	 � � �	� !�	�������� � � � �$� � ��% # � �
 � � � �"! � � � � 0=� �&�
	�� �,� �E % � ���'��� ��� � � ��� � � ( ��� �>��� 	 � ���
� � � �����1� ��� ��� �E�����5	 �
� � 0 �����
�  ��� ��� � � " � � � 	  � � � ��� � �
� ��� � � ( ��� ���3	��?�6��� � ( ��� ������� � ��� � � ��� ��� � � �	�C�+"��8� ����� ����� ��� � %
# � �+�/. " �  � ���D�3	��?�6��� � ( � � 	�� � �$� 0�� �


 	��?�6��� � ( � � 	�� � �$�GF � A
�! % 

FH $  � �

# � �����/( � ��� + ��� � � � � 	�� � �G� � �$� � �7( � 	���� ��� ��� �?� �	�
� ��� 	 � ���
� � � �,��� ��� �70 ����� � � � �&	�� � �
��� �
� "8� � � �  	 �<� � �*��" � � (B� � 	�� � � � � �$� � % # � � �1� ��� ��� � 	�� �9�2� � �8� � �'�6���$�  � 	������ � � ��� 	 � � � �
( � ��� � 0 �����7(*� � � �	 � ��� + � �2��� �� �����  � � � ��� ��� �
��� � ( ��� � � � "�� �$���  ��� 	 � ���
� � � 	 � � � % �3� ��� ��� �	�
�



�������������#���	��
����
������������������ � :

�8� �=� � 0 �6����� ����� ��� ��� (*� � � ��� �7��� � �  � � � ��� �����2� � �$� � � � ���7� � � � ���!��� � ( � � � $� �  �����>�
� ��� �

 !
	 "��8� ���	%

*/.102.#* � ;#= .43 ; 01, .�� E �:; 0�� ��G 3�6 7:= 9
# � ��� � �&�
� � � � "�� � ���  �	� � � �� �	� � 	���� � � � ���B(*� � � � ��� 	�� ��� � � ��� � �  � � � � �*�3" ���$����� � �
� � � �  ���3	 � � �
� � � ���$� ��� �	�
� $� � " � ����� � � � ( ��� � � 
:J ��� � �  � � ��%�� � ��� � �
� � � � " �$� �
	  � � �

�
�
� # � � ���

�
��	�


� �A�
�'	����$� A�% �5� ��� A�% � ��� � �$�'(*� � � 	 � : � � ���  �4� ��� + ��� � � � ���
���2� � ��� � � ���'� � �&� � � 0 � �  �'�8� ���5	�( �
/  �
��� � �����$��� �>� � " � � � 	  �+��� � �  ��� � � ��>!��$���$� �	��� �����	� �	� �$% >!������$� �	��� � �
� �9� " � � � 	  ��� � � ��� �����
" � �� �$�����$� 0=� �=��������� � ����� 	���� �8� � � � (*� � � ���8�,�=" � � � 	  ��� � � ! �8� ���!���$!�	������$� � �
� � ��� �  � � � ��� � ���
�� 	 � � � � �%� �6�B����� ��� ��� � � ��� " � ���
��� �#� � 0 ��� ��������� � � ���'� � � � ��� 	 � ����� � � � �$� � ��� � �  � � � �F% �@� � � �
��� � � � � + � � � # �E� ���

�
��	 
 ���  �4� ��� � � � � 	�� �9� �$� " � � � 	  � � ���8�,� ���'� ��� ��� � � �&� � � 0 � ��� ���������	�����

�!��� ��� �$� ����� �B� %=�%� �  �87 + ��� �?���
���������&�$������� � � ( ��� � ��� 	 � ��� � �F% ��	  � � � �'� � � $� 	 � �D����� � �
��� �=��� 	 � �����%	�� �3	  � � 	�� �	"8� � �:" � � � 	  ����� � (*���$�4��� 	 � � � � � ��� " � � � � �F% # � ��� " � �� ����� ���A���$(*�$�����$�
� � � � "�� � � � ��������� � �$�!� ��� � � �H% # � �&(*�����&��� 	 � � � � 0=� �  �	"�� 	����$� + " � � �&	  �
��� � �����	� �	� �����$� � �  �	�
� � ��� � 
 � 	 � � ��� !�	������$� � ��� � �$� �  � � � �F% 
 � � � � � ��� � � � �� �!� � 	���� � � ��� �! �8� ���!�!�	������$� � ��� � �$���
�  � � � � � � �� 	 � �1� � � �6� ����� ��� �$� (*� � � ��� ��� ����� � � �'� � ��� � ( � �1�$������� �  	 � % # � �'��� 	 � � � �
� � �� �!� � 	���� � 	�� � �6�  � ���/(2	 ����� � � ��� � � ����� � ��� �'� � �
	����$� 0 � ��� ��� � � �
� � (3�5	�� � � �  � �
���1� �
(*� � � ��� ��/8� �	� 
 � 	 � � �	� !�	�������� � �3	��?�6���$% �@� � ������� � �)� � ��� ��� � � � � 	�� �,� � �'� � �
	����$�&�$� � � (
��� � 
 � 	 � � ��� !�	�������� � � 	 . + � � ��� � 	���������� ��� ��������� � ( ��� 	 � � � � " � � � 	  � � � �&(*� � � � � ��� � �  � � � � �*�
���  �
	  � �	� % # � �3�'� � �
	����$�&�$� �=� ��� 	���������� ��� ��������� � (F��� 	 � � � � " � � �&	  � � � �'� � � � ��� � �  � � � � �*� ���
��� �G�5	������  � � ( ��� �
� ��� ������� � ��� ��� � �'� ��� � ��� 	����$� � � �&� � �5	���� � �#0 � ��� �6� ���
�  	������$�1��� ��� ��� � �
��� �<��� ���  �8�	" � ������% # � ����� 0 ����� ��� � �$� �	� �&�  �8� ���
���'� � �>0 � �  � � � ��� � �  � � � � �*� �� 	 � � " � � � 	  �
��� 	 � � � ��� � ��� ��� ����� 0 � ��� � � 0 �6�������  	��������F%
� ���� � �������%����� � �


 ��� 	�� �	�
�%� ��� 	���������� � ��	 
 � ���
�
�
� # � ���  ��� � " � � �&	  �$� �	��"���� � 0 � �  � �� 	 � � " � � � 	  ����� 	 � � � ���

� � ��� � �$� �  � �
��� 0 � ��� �3	  � ���H�
	  �E� �
�
; + � � ! + ��� J � ��� � 	 J % # � �����+�3	  � ��� 0 �$��� " ���$���$� � �
� ��� �

	 � J + ; � J � ��� �  � � � �  � ! 5 ; 	 J � � � ( ��� � ��� � �  � � � + � � � �
��� ��� 	 � � � � " � � �&	  � � � � " � ������� � �	%
� � � � 	�� ��� � �%� + ��� �  � � ����� ���  � � � ���2( � � ��� ��������� �  � � � ��� 0 ����� � ��� � ��� �	�
� + � � � �
��� ��� � �����
	 �
� �����
��	��?� �$� � (:��� 	 � � � ���3��� �	�
� % # � � ��� ���!�$� � � � 	��  � � ( � � + � � ��� �  � � � ��� 0=� � ��� � �  � ��� �  %/	.	��������
�� ��� � �
	  � � � � + � �=0�� �#� . " � ����� � � �&�
��� � �
� �� � ��� ��������� � ���
�!���%/  � � �5� � � 	�� � � ( � � � � � + 0 � � ���
� � 	�� �9� ����� 0 �����+� � �  � � � � ����� �  �����%�&����� � �  � ��� � � ��� � �  � ��� �  % � �C��� � 	�� � � � � � � �8� � � ��� ����� � � � ���
� � � � �����	� ( � �
(*� + A�% &C��� �4� � + � � � � ��� � 	 �	����� ���  ��� � � � � ��� � � 0 � �  � �8� � �G���	� ( � �
(*� � ( �%� %=� � � � � ����%� ��� � �>���  �4� � � � � � 9 � � � � � � ��� � � � ���>���'������� � � � ( � � %=A!  �87 �	�
"��8� % # � ��� � %'A%  �87 ����"��8�
0=� � ��� � 	�� �9� � � �6� ��� � �<� ���!��� � �� � � ����� 	 � � � � � � � + � � ��� �  � � � ��� �
� ��� �5��� � �  � � ��% # � � " ���������  �
� ( ��� ��� � %=A%  �	7 ����"��8�?0�� � �� � /8���'��� � �>"��<�  ����� � ��� � � �� � $� 	�� � �$�  � � ��� � � ��� �+�
	���( �  � � (
��� � �  � ��� �  ��� ��� ����� �� � ��� �'� � �
	����
��� ��� � �	�
"��8� �  � � � � �*� %



�������������#���	��
����
������������������ � &

�
�
� # �

�
�%$ ��� �  �����
� � $  &� �

	 � ��
� ���

��$ :!: �
�
	  $  � �� �

	 � �
� ���

� $�� A��
�	 � $�� ��� A!A &�� &&� ��� & � &� �

	 # �

�
�%$'&&� �
� ��$ � � � ���

� �

�
A $ � ���
� ��$ : & � � � �5�

�
� ��$ ���
� � $ �  � � 9 � �

�
 $���� �
� � $'&&� � � � � ��

� ���
�  $ ���� 	  $ � : � �EA & � � � � ��

� ����
�% $ ���

A � ( � � $ � � � �)( � 	 � $ � � � :%�%:
� � � � �

�
 $ A% ����
� & $=& �

� � 	 # �� � � ���A $  � �� 	 � $=&!& � � &%A � & �% 
�� � � � � � �  % ( ��� � 	 � �

�A���'	����A % ��� # � �����  �4�  ��� ��� � (
� � � # � % � ���H���	� ( � � � � ��� � ���2� � � 0 � + 0 � ���>��� � � � � �	� 	���� � ( �6� ���

� ��� �	��"��8� ���  ��� �5���  �	7 + � ���>� � �'� � � �4� �5�
� � �87 %



�������������#���	��
����
������������������ � &

� �
	 


�
� $ � : � �  �� �
� � $ �!:� � � # ��

� ���
� � $��  ��� 	  $ � � � �!A � & �

� � � � � ��
� ���

�%$�� &��� 	 � $ � �� � �



�
� $ � � � �  5 �
� � $ & �� � � # �

�
& $  � �  � �
� � $ :%:� �

9 � �

�
���E&%& �
� � $ &C:� � �

� �

�
A $ &C���
� ��$ �!&� � 	 � �

�
A $  � �
� � $��'�� � � � ��

� ���
� � $ &��� 	 �%$  C� � A � �� � � � �

�
� &<$ :��

 $  C� � ( � � $ �C�
�

� ���
� &%& ( �	 A $ �%:
� �% &�� " � (����
	�� � � �%�E % �� � # ��

� ���
�!$ A% �� � 	 ��$ � &
� &% ! � " � (�����	�� � � �%�E % 

�� � � �

�
� � � ���
� : $ &%A�� � � ��

� ����%� $ � � �
� 	  $  � �� � � ��

� �����$  � �
�	 �%$%� � �� � � �

�
� A%&��

� � $ A% � � 9 � �
�A���'	���� A�% � � # � � ���  ���  �8� �
� � (

� �
	 
 % � ��� �8�	� ( � � � � �$� � ��� � � � 0 � + 0 � ���D��� ���0� � ��� 	��$� � ( �6� ���

� ��� �	��"��8� ���  ��� �5���  �	7 + � ���>� � �'� � � �4� �5�
� � �87 %



�������������#���	��
����
������������������ �  

� ��� �	��� �� � � ����� 	 � � � � � � ��� � � � ���	� �3	�� � �$� � ( ��� 	 � � � ��� " � � � 	  ���1� � � � + � � ��� �  � � � ���
� � � ���:(*� � �

�� � � � " ���$����� � � � ��� � � 	 � ��� �
	���( �  � � ( ��� � 
 !
	7�$% # � � 
 !
	7� 0 ����� � � �  � � � " � � ��� � ���
� �/( � ���2��� "�� � � �'��� � ��� ��� �2��� � �  � � � + �&	 �5� ��� �	���H� � � 	�� � � ( �� � � � ���$� � �
�����H% �#( � �$�4���$� ��� �	�
(*� � � ��� � ��� � �  � � � + � ��� " ��������� ����� � � �'� � � "�� � � ( ��� � 
 !
	7� 0 �$��� �� 	�� � ��� 	�������� � � �/. � �$��� �	�
�	��"���� $� 	�� � �$� 	 � & � � ��� ��� � � ��� � � (F��� 	 � � � � " � � � 	  � � � �'��� � �$���'�����$� � � �6� �%$ A &��  $ �%& � �  	 �
��� 	 � � � ��� " ��� � �4� %

� � ��� ��� �


 ��� 	�� �	�
�%� � $ 	���������� � �
	 
  � ��	���������� � � " � � ��� ��� � 	���/8����� � � + 0 � ��� �G�8��� ( � �
(*�4�'� � �
	����$� � � � �

& $ �&� � � � �   5 � � � ��� + ��3	�� � �	� �$� � � � � ��� � �  � �
���'(*� �  � � � � � ( ��$ � � � �  	 � 	 � & � %��A������� � � � � �$� � �
 � 	������ � � 	���� � � ( ��� 	 � � � ��� 0 � �  � �� 	 � ��� �4����� ��� ����(*� � � ��� � � ����� 	�������� ��� �4� ��� ��� � ���'� �����
 � � � ���
���  	 � � 	 � � � %

� � � ��� � ����� �����	�"����! ! �
��
�� � � �

� � ��� � �  � � � � �*� �
� ��� �-; � J + �� # � � ��� �� ��� � �5	  � � � � � ��� �$��� ��� � � ( ��� � � � 
 � " � � �&	  �$�)� � ��� �
� ���1� � �'� � ��% # � ����� $� 	 � � �6� �'������� $� ��� � �5	  � �$�-�
� � � ��� ����� 	 � ����� � �����!� ��� 0 ����� � 0 � ��� � �
��� � ��� ��� � � ( ��� � $� � ��� �'��� ��� � � � 0�� �G� � ����	�������� � � �/. � ����� �	�:��� � ��� 	�� � � 	��  ��% # � �'� � 	��  �
0=� � 	������ � ���� ��� � �5	  � � � ��� ���H" � � � � ��� � � �*� ��������� �*� (2	��  � � � ��� � ��� ��� ����� 0 ������	������E��� � / � � �
��� �&� ����� % � � �G�$�������!���$� � � ��� � � % �  �87 � ��� � � ����� � ����� ����� � � �   � + A $=&�  ��� �	 � � � � � ��� � � 0 �����
( � 	����>��� ��� �+� ����� 	 �  � %

*/.102.�� ���3 ,23 = . 9 . 7 , E���GI; ,2.43 7

�3�=�'��� � � � ���$�)��� ���  � � � � A�% ��%=A + � � � � � �&� �20 � ���)� � �����$��� � �!��� ��� �$� ���8� � � %=�%� �  �87 $� 	 � �
����� � � ��"8� � �G��� �&��� 	 � ����� 	�� �3	  � � 	�� ��� � � � ������� � (*���$�)��� 	 � � � � + ��� � �����	� �	� (*� � � 0 � �  � 0=� �
�����$� � �  �	�;� � ���8�,� (*� � � ��� � 
 � 	 � � �	� !�	�������� � ��� � �$� �  � � � �F% 
 ��� 	�� �	�
�%� ��� 	���������� � � ��� � �  � � � �
��� � � � " ���)�$�&� � �
	  � � � �'� � �'� 	�������� ��� �$���)���  �4� ��% 	.	�� � � ��� �$��� ��� ����� � � � ��� � ��� � � ��� 	�� �	�
� � 	���� � �  � + � � ��� � �

	 
 � ���
� � � # �?0 ����� � ( �� �  �$��� ����� 
:J % � � ��� � � ��� � ��� � � � " �$� �$�&� � � � �&� � �

0 � ��� �$������� � � � ��� � � % �!� �  �87 � � 0�� ����� ��� �+����� � ( ��� �+���  �4�  �8� �
����%
# � � � � � # � ���  ��� �  � �$�&� + � � � 0 ����� � ���'	���� A�% � + ��� � � A � ( ��� � �  � �
���3(*� �  � � � � � �

� � 	 # � %
# �8�	��� � 	�� ���  �4� � � � � � 	 � � �$�&� ��� ����� � � � ��� � ��� ��� "8� � � �  � �$� + � � % � � �  �87 � � �'� �  �	"8� � � �
� ( "�� � � � ���
���
� � ���!� ��� � � �F% # � � ���  �4� �  � ���'� � (

� � 	 # � ���3� � � 0 � ���&�A�
�'	���� A�%'A�% � � � % �  �87 +
��� ��! � � "�� � �D�  ����� ���������  � � ���7���  � � � � �
�3�	  � �	��� �,� ��� ���8� � ���8��� ( � � "�� � � � ��������� � �$�!� �,� � � � +
� �D� ( �  � � � � ( ��"�" � � . ��� ��� � �%� �  ! + ���$� 	  ����� ��� � " � � � � ��� � � �*� � ( � � � 	 # � ���  �4� " � � � 	  ����� �
��� 	 � � � �H% # � �)�3	�� � �$� � (

� � 	 # � ���  ��� � ����3	�������� � � " � � � 	  � � ��� ��� 	 � � � � 0=� �  �	�  	 ����� �$� +
	����
��� � 
:J  � 
 	 � � � + � � �6� � &C� $ &�� � $'& ���  �4� ��%



��� � � � ��� ����������� � 
���	� 
���� ��������� ��� � ��� � �

� "�" � � . �
� ��� � ��� �  
 � 	 � � �	� !�	�������� � ��� 	 � ���
� � ��� � ��� �  � � � ��� 0 �����1�/. " �  � ��� � � � $ 	��
� �  � � �4� �
� ��� � � 
:J ��� � �  � � ��% � ( ��� �'� � ��� � �  � � � � �� � � ��� � � ( ��� �&��� � �  � � � 0�� � � � � � �
� � +
��� 	 � � � � " � � � 	  � � � � � � �+"�� � � � ���
����� � ���!� ��� � � � 0 � 	 � �'� �5� � �!��� ��� + ���8����� �'� � �
	����$�&�$� � � ( ��� �

 ! � 	�. 0 � 	 � �&�6�5��� " � �����
� � ��% # � �$���/( � ��� + 	 "�" ��� � �
�&� � � � � � � ��� � " 	���� �*�?� � � � � � �� ������� " � ���������
� � � ��� 	 � � � � " � � � 	  � � � �>� ��� � � ( �+" ��� � �4�)0 �����G�
� " � ���$�>��� ��� ��	 � J ���$�!� � �H%

�#���
	��&�
��� ���8�,�3� � � � � 	 # � ��� ��� �+��� � �  � � � 0�� �5���>���  	 ��� �4��3	�� � ������� 	�� 0 � ���
� � � # � + ��� �

��	��?� �$� � (
� � 	 # � ���  �4� � ����3	��
����� � � " � � � 	  � � ������� 	 � � � � $� 	 � �1�6��	����$� � �> �	�  	 �<��� � ��� �

� ���'� � ��� � �����'� � ( ��� � $� �  �$� � � �,� � � � � ( ��� � �  � � � � �*� % # � ��� � ��� � �  � � � �2���  ���>��� 0 �
�

� ��� ��F
	 ���
�� F���� � A�% � �

0 � ������� ��� ��� �&� � ��� � �  � � � �&���  �4� �� ��� ��� � � ( � � ��� � � � ��� � ��� � � � " � � ( �
� � ������� �?� ����� ��� ��� �
��	��?� �$� � ( �,� � �'� � ( ��� �3� � ��� � ��� � � � " �	% � ( � � � # � ���B���)����	�� � �
�����%	�� 0 � ���

� � 	 # �6��� �$� � A�% � � � �4�
� � 0 ��� ��� ��� � �

� ��� � F�	 ���
�� FH $ A ��������������F������������ $ � A�%=� �

� " � � � 	  � � � � � �,� � � ( � ���G��� 	 � � � � " �$�5� ��� �
� ��3	�� � �	� ��� � � � � &C� % & # � ���  �4� � " ���5� �4� %
� 	�� �
� � � � 	 � ����� ��� �
� � ���������+�
� � � � A�%=� � � � � � ��� �2�3	��?�6��� � (

� � � # � ��� � �'��" &<$ & � �   5 % # � ����� �4�
� � �� � � ��� � ��� ��� � � � � � ��� 	����
��� � �	� � � ��� �! �B�3	��?�6��� � ��� ��� �5��� ����� � � � ��� � �'�  � � ��� � (

� � � # � +
�!� � ����� ������� � � ��� ���'� � � (�A�%=: �H� � (

� � � # � ��� ��� ��	 � J %� �
	�
 ���  �4� � � � � � 9 � � � � � �� � � � � ��� � � 0 � ��� �A���'	���� A�%=� % � "�" � � . ��� ��� � �%� ��% � ( � (

�� � � �
���  ��� �2�$�&� �7� � � �&� �'0 � ��� �$������� � � � ��� ��� % �!� �  �	7?% � ���
� "�� �%/8�$� �� � � � ���  �4� �  � ���'� ���
� � � 0 � �
� �A��� 	���� A�% � % � "�" � � . ��� ��� � �%� AC� �  � � � & �C� �� � � � ���  ��� � 0 �$���+������	������$� � � " � � � 	  �
� ���2��� 	 � � � � 	 � � � +  �	�  	 �<��� ��� 	�������� � 
�J  � 
 % �3� � � �	� � � � 	��  �	�  	 ����� � � � � � ���8��� ( � �

� � 	 # � +
��� �#� � �
�&� � � (�A% �F� � (

� �
	 
 ��� ��� � 	 � J �C( ��� �+� � �� �!� � 	���� (*� � �

� �
	 
 0=� � � � ����� � �
� � � � � 0

� ���+��� 	 � � � � " � � �&	  �$� " ��� � �4� %

"��#" $�"!$& &%�':� ")(  &* %,+ ")*-%�./+102+3.54 +76 $�8 9

	;:!<>=@?!ACB1D�?!EGFH<>:�B1FH=@D�?IDKJ�FHL!MON!M3FHM�B3FHD�<1P5QSR@RTB�D�UWVXD�?!M�?�F>EZY[M�<>M\E>M1R]M�B3FHM1NIJ^D�<�<HQSN!=@D�QSB3FH=@_SM�V!:!<>=`Fba�c
�b?IE>V�=@FHM�DSJdFHL!=@E�PeEfD�UCM�F><HQSB1M�EgDKJ�<HQKN!=]D�QKB1FH=`_h=@FbaC<>M�UCQS=@?!M�N�QS?!N�FHL!M1E>MOYiM1<>Mj<fM�EfVkD�?�E>=]l�R]M�J^D�<�FHL!M
<HQSN!=@D�QSB3FH=@_SMCl!QSB � A�<>D�:�?!NmV!<>DhB�M1E>E>M1EnN!=]EfB�:!EfE>M1No=@?pFHL�=]EjB#L!QSV�FHM1<�c��b?mQSN�N!=@F>=]D�?5PqFHL!Mr<>DhB � J^<fD�U
YsL!=]B#L-F>L!M�B7Q7_h=@Fba\YtQSE/Mvu�B7Q7_KQKFHM1NWB1D�?�F#QS=@?!M�N)Q;?�D�?�wb?�M�A�R@=]A�=@l!R]M&E>DS:!<>B1M�DSJX<HQSN!=@D�QSB3FH=@_h=`Fba�c���D�:!<fB�M1E
DSJx<>QSN!=@D�QSB1F>=@_h=@FbaC=]?yF>L!M�N!M1F>M�B3FHD�<ZQS<>M�?�DzY�N!=]EfB�:!EfE>M�N{c

| � �z}

~ L!Mn?!D�<f=@FHMj<>DhB � J^<fD�U�YsL!=@B#L�FHL!M!� 
:J N�M1FHM1B1F>D�<�B7Q7_h=@Fba�YtQSE�Mvu�B7Q7_KQKFHM1N�B1D�?�F#QS=@?!M�N
� �
	 
 ����c �

V!V!Ur�sQK?!N
� � � ~ L � A�c'A)V!V!Ur�3c ~ L!M\B1<>=`FH=]B�QSR5leQKB � AS<>D�:!?�N!EZY[M�<fM\L!=@A�L2M�?!M1<>ASa�A�QKUCUCQSE�<>M1R]M�QSE>M1N



��� � � � ��� ����������� � 
���	� 
���� ��������� ��� � ��� � �

2.614 MeV

0.583 MeV

0.277 MeV (36 %)

0.860 MeV (64 %)

0.51 MeV

1.286 MeV (24.5 %)

1.519 MeV (21.8 %)

1.796 MeV (48.7 %)

Pb

Tl208

208

�x=]A�:�<>M-A�c=A � � � 	 ~ R{N!M1B7Q7ayEfB#L!M�UWMSc � M3F#Q\F><HQS?�E>=@F>=]D�?�EiQS<fM;<>M1V!<>M1E>M1?�F>M�N�l�ay<fM�NyR@=]?!M1EtQS?!NrA�QSUWUrQ
FH<HQK?!E>=`FH=]DS?!Etl�a�l!R]:�M�R]=]?�M�E�c



��� � � � ��� ����������� � 
���	� 
���� ��������� ��� � ��� � A

Po214

Bi
214

1.2 MeV (10 %)

1.5 MeV (46 %)

0.815 MeV (2.8 %)

3.26 MeV (18 %)

}

}

2.1 MeV

1.8 MeV

2.445 MeV (55 %)

�x=]A�:�<>M�A�c�� � ��=]UWV!R@=��eM1N �� � � =[N!M1B7Q7a�E>B#L!M1UCMKc � M3F#Q�F><HQS?�E>=@F>=]D�?�EjQS<fMC<fM�V!<fM�EfM�?�FHM1No=@?p<fM�N�QS?�N
A�QSUWUrQ�FH<>QS?!E>=`FH=@D�?!E[QS<>MZ=]?yl!R@:!MSc��hD�UCM�FH<>QS?!E>=`FH=@D�?!E&FHLeQKFiM�UW=@F[A�QSUWUrQKE[QKlkD�_�M��hc �%� �  M	7
QS<>M
?!DSFsE>L�DzYs?�N!:!M�FHD)FHL�MOB1D�UWV!R]Mvu�=`FbarDKJxFHL�M�J^:�R]R{N�M�B7Q7a�EfB#L!M�UWMSc



��� � � � ��� ����������� � 
���	� 
���� ��������� ��� � ��� � �

A 
�� AC; � J � $ � � �  	
 �

A ~ L � AC; � J A $ : � �  	
 �

A 
�� A 	 � J A $  � �  	
 �

A ~ L � A 	 � J A $�� � �  	

5

~ QSl�R]M A�c`� � ~ QS<>A�M3F�<HQSN!=@D�V!:!<f=@FbaCR]M3_�M�R@E�J^D�<tFHL!M 	 � J QS?!N ; � J ����� 
 � �t<>M1A�=]DS?!E�c

l�a
� �
	�
 �eE>Ef=]D�? QS?!N ?!M1:�FH<fD�? B7QSV�FH:!<fMW=@?�FHL!Mn<fD�B � QS?!N R]=@?!M�<;UCQKF>M�<>=]QSR]E1c ~ L!M)M��kM�B1FODSJ&F>L!M�EfM

?!M�:�F><>D�?�E)YiQSEWUC=@?!=]UCQSR QSEnFHL�M1a�Y[M�<>M2B7QKV�FH:!<fM�N QSR]UWD�EGF)QSE)E>DhD�?oQSEnFHL!M3amM�?�FHM1<>M1N FHL�M ; � J
E>L!=@M�R]N�=]?!A <>M1E>:!R`FH=@?!A =]? Q LeQK<>UWR]M�EfE ��c �!�!A  M87 A�QSUCUCQ�<HQ7aSc ~ L!M2B7Q7_�M1<>? YiQSErB1D�QKF>M�N =@? Q
R Q7a�M1<gDSJ&EfL!DSFHB1<>M3FHM���QK?!N,:!<fahR@D�?5PXl!:�FgF>L!M-A�QKUCUCQSE�YiM1<>MnV!<f=]?!B1=]VeQKR]R@ayQKF>F>M�?�:eQKF>M�N,l�a2FHL!M ; � J
E>L!=@M�R]N�=]?!AnlXM1J^D�<fM;FHL!M���� 
 � QS?!N	�  ~ E�c


 ������
~ L!D�<>=@:!U QS?!N :�<HQS?!=@:!U YiM1<>M,lXDSFHL V!<>M1E>M�?�F�=@? FHL�M�L!M7Q7_�a QS?!N R]=@A�L�F)YtQKF>M�<y<fM�A�=@D�?!ECDSJ�FHL!M
N!M1F>M�B1F>D�<jl�:�FjF>L!M�=@<\V!<fM�EfM�?!B1MyYtQSEjE>=]AS?!=��eB�QS?�FHR`a,<>M1N!:!B�M1Nml�a <fM�A�:!R]QS<\QSE>E>Q�apQS?!N�V!:!<f=��eB�QKFH=@D�?5c
~ QS<fA�M1F R@M1_�M1R]E DSJ{YiQKF>M�<iV�:!<>=`FbaWQS<>MsA�=`_�M�?C=]? ~ QKl!R]M A�c`��c ~ L!MZB�D�?�B�M�?�F><HQKF>=]D�?!E =]?)FHL�M�	 � J B�D�<f<>M3w
E>VXD�?!NyFHD-F>L!M;V!<fD�N�:!B1F>=]D�? DSJ DS?!M�?!M�:�FH<>DS? VkM1<tNeQ7a�c � QSB � A�<fD�:!?!N�EtJ^<>D�U FHL!M

� � � ~ L2B#L!QS=]?yY[M�<fM
<>M�R]QKFH=`_�M1R@anB1D�?!EfFHQS?�F�D�_�M1<iFHL!MZN!:!<>QKFH=@D�?rDSJTF>L!M � 
:J M3u�VXM�<>=@UCM1?�F7P�l�:�FtEf=]A�?!= �eB7QK?�F _KQS<>=]QKFH=@D�?!E&=]?� �
	 
 B#L!QS=]?CQSB1F>=@_h=@FbajYiM1<>Mg?�DSFHM1N5c ~ L!M1E>MZ_KQS<f= QKF>=]D�?�E�YiM1<>MgB�QS:!EfM�Nrl�a)R@D�E>E DSJXFHL!M�?!=@F><>D�ASM�?WB�D�_�M1<

A�QSEODz_SM�<OFHL!MC?!M�B � DSJiF>L!MrN�M1FHM1B1F>D�<�PxYsL�=]B#L�QSR@R]D�Y[M�N � � �
��? FHDIM1?�FHM�<OFHL!MCN!M1F>M�B3FHD�<jQS?!NpB�QS:!EfM

VkM1<>=]DhN!E�DSJxL!=]ASL2l!QSB � A�<>D�:�?!N!E�c��g?�a�VkM1<>=@D�N!E�YsL!M1<>M�FHL!MOleQSB � A�<fD�:!?!N�E�Y[M�<fM\J^D�:!?�N2F>DClXM�L!=]A�L
YiM1<>M�M�R@=]UW=]?eQKF>M�NWJ^<>D�U FHL!M�NeQ F#Q-E>M3F7c 
 D)Ef:!B#L�VXM�<f=]DhN!EiY[M�<fM�J^DS:!?!N�=]?yF>L!M 
�� 	
V!LeQSEfM�NeQKFHQ�c

� ����� ����� 
������ �
� QSUWUCQSE�QS?!N,?!M1:�FH<fD�?!E;V!<fD�N�:!B�M1N,l�a�FHL!MjQSB�<GahR]=]BO_�M1E>E>M1R/VkDSE>M�N QCVeQS<fF>=]B1:!R QS<sLeQ��7QS<fN QSEZF>L!M1a
YiM1<>M-?!DKF;E>L�=]M�R@N!M�N�J^<>D�U F>L!M 	 � J c ~ L!MnQSUWD�:!?�FgDSJ/<HQKN!=]D�QKB1FH=`_h=@Fba V!<fM�EfM�?�F�=]?2FHL!MjQSB�<Ga�R@=]B�YtQKE
UCM�QSE>:!<fM�N,QK?!N�J^D�:�?!NIFHDClkM\QSV!V�<>D7u�=]UCQKFHM1R@a,�  	

 �
A � A�� � ��� c ��=@A�?eQSR@EZQK<>=]Ef=]?!AnJ^<fD�U QSB1F>=@_h=@Fba DS?

FHL!MgQSB�<Ga�R@=]Bs_�M1E>E>M1R5B�DS:!R]NClkMZM�R]=@UC=@?eQKF>M�NnJ^<>D�U F>L!MgNeQ F#Q\N�:!MZF>DjFHL!M1=]< N!=]EGFH=@?!B1F>=@_�M�<HQKN!= QSR�V!<fD �eR@MSc

 "!$#"� � �&%  ('*)+ 
~ L!M V!L!DSF>D�U-:!R`FH=@V!R]=@M�<�FH:!lXM�E)QK?!NmE>:!V!VXD�<GFnEfF><>:!B3FH:!<fM�Y[M�<fM�E>L!=@M�R]N�M�N J^<>DSU F>L!M 	 � J l�a � :! % 
FHD�?!?�M�EnDSJs:!R`FH<>QIV!:!<fMyR]=@A�L�FjYiQKFHM1<�c 
 M1:�FH<fD�?!EnV!<fD�N!:�B�M�N�l�a � � w ?��O<fM7QSB3FH=@D�?!EjY[M�<fM B7QSV�F>:!<>M1N
l�aCFHL!M�EfL!=]M1R]N�QS?�N5P!V!<fDz_h=@N!M�N FHL�MO<>QSN!=@D�QSB1F>=@_SMgB�DS?�F>M�?�F�DSJ FHL!M�UCQKF>M�<>=]QSR]E YtQKE�R]D�Y � QS<fD�:!?!N �  % 
V!V!l-,G�3PXFHL!M3aIVXD�EfM�N�R@=@F>F>R]M�<>=@E � Ys=@F>L!=]?2FHL!M�	 � J c � M3F#Q w A�QSUWUrQnN!M1B7Q7ahE;YiM1<>MnDSJ&UWD�<fM\B1D�?!B�M1<>?5c

.0/214365�78391;:<39=>:<5�?<@�?BADC>C�E�FG?IHKJ>L�F�=>MON>F�M6N�C>5�?PL�L�J�5Q?�RS?<@QLIT>:0367O7U36=�E�VWJ>LX?PH�F�=�@�N>?B7OFG=�FG=�MUF�=�HYJ>LX@�5QVZ C>A95X@[L*C�?I5]\�FGE�EGFG39=



����� ���I� 
:� � �����I���)� ��� ��
��	��
���� ��������� � �

~ L!MH>� M1<>M�? � D�_ R@=]A�L�FOV!<>DhN!:!B1M�N�l�a E>:!B#L�N�M�B7Q7ahEnB�DS:!R]N�R]M7Q � l�a�UW=]EGw <>M1B�D�?!EGFH<f:!B1F>=]D�? =]?�FHD2FHL!M
	 � J <fM�A�=@D�?2QS?!N�R]=@UC=`F[F>L!M�R]D�YiM1EfFZM�?!M1<>ASay?!M�:�F><>=@?!D�E�FHLeQ FsB�D�:!R@N�lkM�E>M1M�?�=]? FHL!M�NeQ F#Q�c

���	� ��
 �^}

~ L!M 
�� 	 lXDhN!=]M1E�Y[M�<fMnUrQSN�MOJ^<fD�U :!R@F><HQCV�:!<>M � L!M�UW=]B�QSR`w#7 QSVkDS:!<Gw 	;M�VXD�E>=`FHM�N � � 7 	���?�=]B � M1R c
�b?�F>L!M � 7:	 V!<fD�B1M�EfE�PeB7QK<>lXD�? UCDS?!D7u�=@N!MgYiQSE�<>M�QSB1F>M�N�Ys=@F>L ?!=]B � M�RTQKF�QjFHM�UWVXM�<HQ FH:!<fM�DSJ �  � � P
J^D�<>UW=]?!An?�=]B � M1R B7QS<flkD�?�ahR P 
 =*� �2J � � �^A��3c ~ L!MOA�QSE�YiQSEZL�M7QKF>M�NI:�?�F>=]R5=`Fs<>M�QSB#L!M�N�QnF>M�UWVkM1<HQKF>:!<>M
DSJ;� : � � � PdQKF\YsL�=]B#LpVXD�=@?�FO=`FjN!M1B�D�UWVXD�E>M1Np=]?�F>D 
 = QS?�N �2J c ~ L�M 
 =/YiQSEjN�M�VXD�E>=`FHM�N�D�?�FHD,Q
E>:!<GJ QSB�M)FHD J^D�<fU FHL!M �e?!QSR/V!<>DhN!:!B3F7c �eD�<;FHL!M 
�� 	;E�P 
 =�YiQSE\N�M�VXD�E>=`FHM�N D�?�FHD�QS?�QSR]:�UC=@?!=]:!U
UrQS?�N!<>M1R�FHD�J^D�<>U B3ahR]=]?�N!<>=@B7QSR�B1D�:!?�FHM1<jlXD�N�=]M�E1c ~ L�=]EOV!<>DhB�M1E>EO<>M�N�:!B�M1NpFHL!MW=]UWV!:!<f=@FbaIB�D�?�FHM1?�F
DSJ;?!=@B � M1R Pi=@?!B�R@:!N!=@?!A,B�D�?�F><>=]l�:�FH=@D�?!EnJ^<>D�U � �

	 
 QK?!N
� � � ~ L5c 
 <>QS?!=]:�U QS?!NmFHL!DS<>=]:�U J^D�<>UWM�N

A�QSE>M1D�:!E B7QS<flkDS?�ahR@E YsL!=@B#LrN!=@N)?!DSF[N!M�B1D�UCVXD�EfMgQKF&F>L!M�EfM�F>M�UWVkM1<HQKF>:!<>M1EiQS?�NCY[M�<>MsFHL�M�<>M3J^D�<>M�?!DSF
E>=]AS?!=��eB�QS?�FHR`ar<fM�N!M1VkD�Ef=@F>M�N2D�?2F>L!M 
 =TEf:!<fJ QSB1MSc

�/<f=]D�<sFHDWFHL!M1=]<gN�M�V!R@DzahUWM�?�F7P 
�� 	;E�YiM1<>M-EGFHD�<fM�N,:!?!N�M�<>AS<>D�:!?�N�=]?IQCFH:!?�?!M�Rd?!M7QS< �b?!N!Mvu{P
� QSEfL!=]?�ASFHD�?{P 
 ��� FHD UC=@?!=]UW=]EfMrB1D�E>UWD�A�M1?!=]B�QSB3FH=`_SQ FH=]DS?5c 	;:!<>=@?!A�FHL�=]E)EfF>D�<HQSASM VkM1<>=]DhN5P&FHL!M

 =tlXD�N�=]M�E\YiM1<>M2M3u�VkDSE>M�NmFHD <>QSN!D�?m<>=@B#LoQS=]<jQSR]R@DzYs=@?!A �� � �/loQS?!N

�� � �dD FHD V!R]QKFHMrD�?�FHD,FHL!M1=]<
E>:!<GJ QSB�M1E�c ~ L!=@EnB�D�?�F#QKUC=@?eQKFH=@D�?�YiQSE)<>M1UCD�_SM�Nol�a M�R]M1B1F><>D�VXD�R]=@E>L!=@?!A�QK?!NoQSB�=@N�M1FHB#L�=]?!A DSJ�FHL!M
=]?!?!M1<sQS?!N2D�:�F>M�< 
�� 	 E>:!<GJ QSB�M1E � AC:>� c

~ L�M-QSUWD�:!?�FZDSJ/:!<>QS?!=]:�U QS?!NIF>L!D�<>=@:!U <>M1UrQK=]?!=@?!A)=]?�FHL!M 
 =qlkDhN!=]M1EZDKJ�FHL!M 
�� 	;E�YtQKE
UCM�QSE>:!<fM�NIF>DClXMjDKJ�FHL!MOD�<fN!M�<ZDSJ��  	

 �
A � A 
 = V!<>=@D�<�FHDrN�M�V!R@DzahUWM�?�F � � A>� c � UCM�QSE>:!<fM�UWM�?�F;DKJ

FHL!M
� � � ~ L�QS?!N

� �
	�
 B�D�?�FHM1?�FgDSJqFHL�M 
 =Tl!:!R � Ys=]R@R5lXM�V!<>M1E>M�?�F>M�N�=@? � L!QSV�FHM1< �!c

���	� ��
]��� ����
~ L!M)M�R]M1B1F><>D�VXD�R]=@E>L!=@?!AyQK?!N QSB�=@N M3FHB#L DSJ FHL!M 
�� 	 Ef:!<fJ QSB1M)<>M�UWD�_�M1N F>L!M)UrQ �fDS<>=@Fba�DSJ E>:�<fJ QSB1M
QSB1F>=@_h=@FbaSc ;�D�YiM3_�M�<1P�QS?!QSR@ahE>=@E�DSJiF>L!M)NeQKFHQ�J^D�:�?!N�DS?!M)EfFH<f=]?!A�P�� � � EGFH<f=]?!A � � �vPTFHLeQKF\QSV�VkM�QS<>M1N
FHD2lkM)U-:!B#L�UCDS<>M)QSB3FH=@_SMnFHLeQS?pQSR]RxDSFHL!M1<�EfFH<f=]?!ASEO=@?,FHL!MCQS<><>Q7a�c ��:�<fFHL�M�<OQS?eQSR`ahE>=]E1P V!<>M1E>M�?�F>M�N
=]? � LeQKV�FHM1< �!P5=@?!N!=]B�QKFHM1NIFHL!QKFgF>L!M)QSB1F>=@_h=@Fba�QSV�VkM�QS<>M1N�FHD lXM-E>D�UWM\J^DS<>U DSJ

� � � ~ L,N!D�UW=]?eQ FHM�N
E>:!<GJ QSB�M&B�DS?�FHQSUW=]?eQKF>=]D�?{c ~ L!=]ETFHL�M�D�<Ga;YtQKEqB1D�? �e<fUCM1N\:�E>=]?�AsF>L!M&UCM3FHL!DhN!ETN!M1E>B1<>=]lXM�N\=]? � LeQKV�FHM1<
:�c

"���� � ';*�� $& /'�� ';6 . "W(  /*�%,+ ")*-%�./+302+1.54

 M7QSEf:!<>M1UCM1?�FsQS?!NC:!?!N!M1<>EfFHQS?!N!=@?!A-DSJ{FHL!MZ<HQSN!=@D�QSB3FH=@_SMsleQSB � A�<>DS:!?!N!Et=@?CF>L!MZN�M1FHM1B1F>D�<t=]E&B1<>:!B1= QSR
YsL!M�?mN!M3FHM�<fUC=@?!=]?�AIFHL!Mr?!M�:�F><>=@?!D��e:�u�M�E1c  M3FHL!DhN!En:!EfM�N�FHD,N�M1FHM1<>UW=]?!MCFHL!M B1D�?�FH<>=@l!:�F>=]D�? DKJ
<HQSN!=@D�QSB3FH=@_h=`Fba QS<fM N�=]E>B1:!E>EfM�N =@? R]QKFHM1<�B#LeQSV�F>M�<>E1c � LeQSV�F>M�< � D�:�FHR]=@?!M�E L�DzY F>L!M�QSUCDS:!?�F�DKJ
<HQSN!=@D�QSB3FH=@_h=`FbanB7QS?rlkMZ=]?�J^M1<><>M1NyN!=@<>M�B3FHR`aWJ^<fD�U FHL�M;?!M�:�FH<>=@?!DjN!QKF#QjEfM1F�c � LeQSV�F>M�<��\N�M�E>B1<>=@lkM1EiFHL!M
J uhJ^D�<fN�R@M�ND;�ahN!<fD�:!E ~ =@FHQS?!=]:�U J u�=]N!M�� ; ~ = J �;QSEfEHQ7a,FHM1B#L!?!=���:!MW:!EfM�N�F>D�UCM�QSE>:!<fM � � � ~ L =]?



���������I� 
:� � �����I���)� ��� ��
��	��
���� ��������� � �

FHL!M�	 � J QS?�N ; � J <>M�AS=]D�?!EZQS?!N�FHL�MjQSEfE>DhB�=]QKFHM1NIlXM1F#Qzw�QSR@V!LeQnB�D�:�?�F>=]?!ACEfahEfF>M�U =]E�N!=@E>B�:�E>E>M1N�=]?
� LeQSV�F>M�< � c��Z?�QSNeQSV�F>M�N _�M1<>Ef=]D�? DSJ F>L!=]E�QKE>EHQ7ayF>M�B#L!?�=���:!M;J^D�<�QKE>EHQ7ah=]?�A�� � 	
E>:!<GJ QSB�M�QSB3FH=`_�=`Fba
=]E�V!<fM�E>M1?�FHM�NI=]? � LeQSV�FHM�<�:�c



� � ��� ���	� 


�� ��������� ��� ����� �����  "! �#��$ �% &�(')�#�+*,�
- ��'/.10"�2 ,3 � $ �

~ L!=]E[B#LeQSV�F>M�<iYs=@R]ReB�DS?!B�M1?�F><HQKF>M;D�?rF>L!M547698;:<47=?> QS?!QSR@ahE>=@E[VXM�<GJ^D�<>UWM�NrN!:!<>=@?!A\F>L!M � �A@ V!LeQSEfMgFHD
B7QSR@B�:!R]QKFHM�F>L!M&?h:�U-lkM1<dDKJ!?!M1:�FH<fD�?!EqV!<>DhN!:!B1M�Njl�a�V!L�DSFHDhN!=]Ef=]?�FHM1A�<HQ FH=]DS?5c ~ L!M UCM3FHL!DhN!E :!E>M1N-QS?�N
B7QSR@B�:!R]QKFH=@D�?)DSJT<>M1E>:!R`FHE&J^D�<&FHL!M @ � J P � �A@ l!:!RCBXPhL!DSF>E>VXDSFHEiQS?!N �ED 
 � ; � J Ys=@R]RelXMgV!<fM�E>M1?�FHM�N{P
lkM1A�=]?!?�=]?!A-Ys=`FHL FHL!M @ � J <>M1A�=]D�?{cF QSE>M1N :�VkD�? QK?,D�<>=@A�=]?eQKRq=@N!M7QCl�aHG�DhD�<>L!M�QSN5P{F>L!M�47698;:<47=?>�FHM�B#L�?!=���:!MnYiQSE�V!=]DS?!M�M1<>M�N,l�a
� L!M�? � � ���tQS?!N�N!M3_�M�R@D�VXM�N�l�a/G�B � <fM�A�DS<+� ������QK?!NID�=]UWE � �):��iJ^D�<OFHL!M @ � J QK?!N�EHQSR`F-V!L!QSE>M1E
<>M�EfVkM1B1F>=@_�M1R@aSc ~ L!MJ47698;:<47=?>WUCM3FHL!DhN)UCM�QSE>:!<fM�NW<HQSN�=]D�QSB3FH=`_�=`Fba-V!<fM�EfM�?�Fi=@?nFHL!M�N!M1F>M�B3FHD�<&:!Ef=]?!A�FHL!M
?!M�:�F><>=@?!D-NeQKFHQ�c � :�F>EiY[M�<>M�QKV!V!R]=@M�NWFHDjF>L!M;NeQKFHQOF>D-E>M1R]M�B3FtFHL�M;leQSBKB�A�<fD�:!?!N N!DSUC=@?eQKFHM1Nr<fM�A�=@D�?5c
~ L!M�EfMrB�:�FHEON!M �e?�M�N�F>L!ML47698;:<47=M>�QS?eQSR`ahE>=]E�Ys=@?!N!D�Y�PdlXM1FbY[M�M1? �!c �2QK?!N �hc= NG�M87 FHDKF#QSR�M1?!M�<fASa�P
=]?rYsL!=@B#L FHL!M�EfM�R]M1B1F>M�N2M1_�M1?�FHE�YiM1<>M�N!D�UW=]?!QKFHM1Nyl�a

�� � F =TQK?!N � � 	 ~ R P�J^<fD�U FHL!M
� �
	 
 QK?!N

� � � ~ L
B#LeQS=]?�Eg<>M1E>VXM�B3FH=@_SM�R`a�c ~ L!M-QSUWD�:!?�FZDSJ/M�QSB#L�YtQKEgN!M3FHM�<fUC=@?!M�NIl�a2Mvu�V�R]D�=`FH=]?�AWN�= �kM�<>M1?!B�M1E;=]?2FHL!M
VeQKF>F>M�<f? DKJiL!=`F �OG ~ EOV!<>DhN!:!B1M�N YsL!M�? >� M�<>M1?PBSD�_ R]=@A�L�F7P{J^<fD�U N�M�B7Q7ahE�P YiQSE�N!M1F>M�B1F>M�N5cRQb? FHL!M
@ � J <fM�A�=@D�?nN!= �kM�<fM�?!B1M�E&=]?-F>L!Ms<HQSN�= QSR�V!<>D �!R]MtDSJkM1_SM�?�FHE YiM1<>Ms:!EfM�NCQSE QS?WQSN!N!=`FH=]DS?eQSRhE>M�V!QS<HQKF>=]D�?
VeQS<HQKUCM3FHM�<1c � D�UWVeQS<fM�NCYs=`FHLHSUTV8;:<47=M>r<HQSN!=@D�QSEfEHQ7a)UCM�QSE>:�<>M�UWM�?�F>E�P�F>L!M�47698;:<47=M>yUWM1F>L!DhNrLeQSNWFHL!M
J^D�R]R@DzYs=@?!AnQSN�_SQK?�FHQSA�M1E �

��c � D�?�FH=@?h:�D�:!E;UWD�?!=`FHD�<f=]?!AWDSJ&leQSBKB�A�<fD�:!?!N�E�=]?IF>L!M-?!M1:�FH<f=]?!D NeQ F#QrEfM1F7c ~ L!=@E�QSR@R]D�YiM1N,QS?�a
_KQS<>=]QKFH=@D�?y=]?�leQKBKBhAS<>D�:!?�N�R@M1_�M1R]E�FHD)lXM�E>M�M1?�QS?�N�=@?�_SM�EGFH=]A�QKFHM1N5c

��cWQ FrV�<>D�_h=]N!M1N N!=@<>M�B3FrUWM7QKE>:!<fM�UWM�?�FHECDSJ;<>QSN!=]DS=]E>DKFHD�VXM�EnFHL!QKFWB7QS:!EfMIV!L�DSFHDhN!=]Ef=]?�FHM1A�<HQ FH=]DS?5c
>� M�<fM�?PBKDz_yM1_�M1?�FHE�=]?rF>L!M;M�?�M�<>AKarYs=]?�N!D�Y�:!EfM�N�l�arF>L!MX47698;:<47=?>�QK?eQSR@ahEf=]E[Y[M�<fM�N!D�UW=]?eQ FHM�N
l�a FHL!M N�M�B7Q7ahEWDSJ

�� � F =sQS?!N � � 	 ~ R P&lXDSFHLmDSJ�YsL!=]B#LmB1D�:!R]NmB�QS:!E>M�V!L�DSFHDhN!=]Ef=]?�FHM1A�<HQ FH=]DS?5c
~ L!M547698;:<47=?> UWM1FHL�D�NCUCM�QSE>:!<fM�NrF>L!M�EfM;B�DS?�F><>=@l!:�FH=@D�?!E&Ys=@F>L!D�:�FiUrQYB�=@?!AjQK?�aCQSEfE>:!UWV�F>=]D�?!E
QSlXD�:�F\M ��:!=]R@=]l!<f=]:!U�=]? FHL!MCN!M�B�Q�a�B#LeQS=@?5c �gR]RZSUTV8;:<47=?>pUWM1F>L!D�N�EjUWM7QSEf:!<>M1N R]D�?�A�M�<OR]=`_�M�N
=]EfDSFHD�VXM�E[L!=]ASL!M�<[:!VyFHL!M

� �
	 
 QS?!N

� � � ~ L B#LeQK=]?!E�QK?!N�QSE>Ef:!UWM�N M ��:!=@R]=@l!<>=@:!U lkM3FbYiM1M�?�FHL!M
<HQSN�=]D�=@E>DSF>D�VkMZFHL!M3a�UCM�QSE>:!<fM�N�QS?!N�FHL!DSE>M�FHLeQKF�B�QS:!E>MOV!L!DKFHDhN!=]Ef=]?�FHM1A�<HQKF>=]D�?{c � D�UWVeQS<>=@E>D�?

�!:



���-
�g�d��� ��� Q ��w D Q ~ 
 
 � 
� �������D������
��	��
���� ����� �G
���� � ���� � ��� � �

� =]A�:�<>M �!c`� � D�B#L!M1UrQ FH=]B\N!= QKA�<HQSU DSJ�FHL�M � �A@ QK<><HQ7aSc ~ L�M-E>UCQSR]RTl�R]:!M\B�=]<fB�R@MOB1M�?�FH<fM�N QKF�  �P' ��
<>M�V�<>M�EfM�?�FHE�F>L!M;VXD�E>=`FH=]DS?rDSJTF>L!M;?!M1BKB QS?!NrF>L!M�R QK<>A�M�l!R]:�M;B�=@<>B�R@MZ<fM�V!<fM�EfM�?�FHEsFHL!MgVkD�Ef=@F>=]D�?CDSJTFHL!M
QSB�<Ga�R@=]B;_SM�E>EfM�R c �gR@R5N!=]UWM�?�E>=]DS?!EsQS<>M�=@?�B1U�c � �A@ E�QS<fMO<fM1J^M1<><>M1N�F>DCl�a FHL�M�=]<
	f?!QSUCM���� = c MSc � ��P
Q � M1F>B��;QS?!NI=]?�EfD�UCMjB7QSEfM�E�l�aIF>L!M�=@<gEfF><>=@?!Ay?�:!U-lXM�<1c ~ L!Mn?eQSUWM-QS?�N,EfFH<f=]?!Ar?h:�U-lkM1<;DSJ&M�QSB#L
� �A@ =]E�A�=`_�M�?2=]? �ZV!VkM1?!N!=�u F c

DSJ ��QjQS?�N ��?yQSE>E>Q�ahEtEfL!D�YiM1N FHLeQKF FHL�MgUCQ�fD�<>=`Fba)DSJ QSB3FH=`_�=`Fba)=]?WFHL!M
� �
	�
 B#LeQS=@?rYiQSEtN!:!M

FHD)=]?�A�<>M1E>E�DSJ
� � �

�s?�=@?�FHDnFHL!MON!M3FHM�B3FHD�<1c ;�DzY[M1_SM�<1PkJ^D�<tF>L!M
� � � ~ L�B#LeQS=@?5P���?2=]?�A�<>M1E>E�YtQKE

?!DSFiQjV!<fD�l!R]M1U N!:!MgF>D\F>L!MgEfL!D�<fFiLeQSR`JTR]=`J^M�DKJ
� � � ��? � ���c � EfM�B1D�?!N!EH�3c ~ L!M;D�<f=]A�=@?)DSJ � � �

�ZQ
QS?!N�NeQS:�A�L�FHM�<fEZ=@? FHL!M�YiQKFHM1<sYiQSE�N!:!M�FHDnF>L!M�V!<>M1E>M�?�B�MjDKJ

� �
	 ~ L5c

� DS<iB�DSUCVeQK<>=]EfD�?rYs=`FHL�SUTV8;:<47=?> <>M1E>:!R`FHE�P�FHL!M;?�:!UjlkM1<�DSJ �� � F =5QK?!N � � 	 ~ R5M1_SM�?�FHE�Y[M�<fM�B�D�?�_�M1<fF>M�N
=]?�FHD M ��:!=`_KQSR]M1?�FCQSUWD�:!?�F>EWDKJ

� �
	�
 QS?!N

� � � ~ L l�aoQSEfE>:!UW=]?!A EfM�B�:�R QS<)M ��:!=@R]=@l!<>=@:!U QK?!N :!Ef=]?!A
G�D�?�FHM � QS<fR]D)E>=@U-:!R Q FH=]DS?!E � c

~ L�M�N!M�V�R]D�ahUCM1?�FrDSJ � �A@ Ey=]?!B1<>M�QSE>M1N FHL!MIQSUWD�:!?�FyDSJ;<HQSN!=@D�QSB3FH=@_h=`Fba�=]?oFHL!M�N!M1F>M�B1F>D�<�c
~ L!D�<>=@:!U QS?!N :!<HQS?�=]:!U =@? FHL�M � �A@ ?�=]BKBSM1R �^l!:!R B��nB�D�:�R]N ?�DSFylXMIUWM7QSEf:!<>M1N :!Ef=]?!A SUTV8;:<47=M>
QSE>E>Q�ahEP,iQS?!NyF>L!M�QSUWD�:!?�FiDSJqM7QSB#L <>QSN!=]DS=]E>DKFHD�VXMZB1D�:!R@N D�?!R@aWlXM;UWM7QSEf:!<>M1N l�a 47698;:<47=M> UWM1F>L!DhN!E�c
Qb?IQSN�N!=@F>=]D�?yF>D � �A@ l!:�R ByQKB1FH=`_h=@Fba�P!FbY[DCQS<>M�QSEsDSJx=@?!B�<fM7QSEfM�NIQSB1F>=@_h=@FbaSP!<>M3J^M�<><fM�N�FHDCQSE���� =7:���� = :3P
YiM1<>M�N!=]EfB�D�_�M1<>M1NID�?�FHL!M � �A@ QS<f<HQ7a�P�D�?�EfFH<f=]?!ASE�A�� � �����tQS?!N � � � � �S� � ��Y� c ~ L!M � �A@ QS<f<HQ7a
=]EyEfL!D�Ys? =@? � =]AS:!<>M ��c@��c D�M3_�M1<HQSR�?!M3Y SUTV8;:<47=?> UCM3FHL!DhN!EyY[M�<fM N�M1_�M1R]D�VXM�N F>D�UCM�QSE>:!<fM�FHL!M
<HQSN!=@D�QSB3FH=@_h=`FbarDSJqFHL�M�E>M�L!DKFHE>VXDSF>E"� � � � c

.��&3D@�? @�N>AD@�FG= @�N�? 5�?PLS@ 391�@QN�F L @QN�?IL�FGLIT�� 39=�@Q?�� AD5QE�3�� FGE�E�\ ? J>L�?IHBA9L�A LXN>395�@�N>A9=>H 14395�� 39=�@�?�� A95�EG3]L�F�7 J�EGAD@�FG39=Z � ?<@�N�3YH�L&HY?ILQ:05QF�\ ?IHKFG=�� N�ADCY@Q?<5��



����� ���G
���� � ���� � ��� � � � �g� � � � �Z� � �	� � � &

�&��� � *j%����
	���,6��&� +76 .���' �
�
9 	/'��W+��W6

~ L!M @ ��� <>M1A�=]DS? YiQSEyFHL!M�<>M1A�=]D�? DSJ�L!M7Q7_�aoYtQKF>M�<yL�M�R]N Ys=`FHL!=@? F>L!M�QSB1<fahR]=@B�_SM�E>EfM�R c ~ L!M�<fM
YiM1<>M�QSV!V!<fD�u�=@UrQKF>M�R`a �  % ! F>D�?!?!M1ECDSJgL!M7Q7_�amYtQ FHM�<W=]?�F>L!=]E)<>M1A�=]DS?5c ~ L�M�<>M�Y[M�<>M2J^D�:!<)UCQS=]?
<HQSN!=@D�QSB3FH=@_SMrEf=]A�?eQKR]Ej=@? FHL!M @ ��� <fM�A�=@D�?�� � �

	 
 QS?!N
� � � ~ Lm=]? F>L!M @ ��� QS?!N

� �
	 
 QK?!N

� � � ~ L
=]? FHL�M � �A@ l�:!R B�c �ZE-FHL!M�V!<fD�leQSl!=@R]=`Fba�DKJgN!M3FHM1B1FH=@?!A Q,leQSBKB�A�<>DS:!?!No?!M�:�F><>D�?mYiQSE)EfFH<fD�?!A�R`a
N!M�VXM�?!N�M�?�F�D�?2YsL!M�<fM-=@FsYiQSEgV!<fD�N�:!B�M1N,QS?!NIYsL�M1FHL�M�<ZF>L!MjB1D�?�F#QSUW=]?!QKFH=@D�? YtQSE

� �
	 
 D�<

� � � ~ L5P
FHL!M)FHDSFHQSR�?�:!U-lXM�<ODSJileQSBKB�A�<>DS:!?!N!E\LeQSN FHD2lkMWE>M1VeQS<HQ FHM�N�=]?�FHD�J^D�:!<�Ef=]A�?eQKRxFbahVkM1E�c ~ L!M)FHDSFHQSR
?h:�U-lkM1</DSJXleQSBKB�A�<fD�:!?!NWM1_SM�?�FHE&YtQKE DSl�F#QS=@?!M�Nnl�ajE>M�R@M�B3FH=]?�A�F>L!M�leQSBKB�A�<fD�:!?!NWN!D�UW=]?!QKFHM1N-<>M1A�=]D�?
DSJ{F>L!MZN!QKF#QOQS?!NWFHL!M�?�:!U-lXM�< DSJ5M�QSB#LrB1D�UCVXD�?!M1?�F[YiQSEiDSl�F#QS=@?!M�NW:!Ef=]?!A\QOUCQ u�=]Uj:!U R@= BSM1R]=@L!D�DhN
UCM3FHL!DhN5c

��������� �! �"$#&%('<.�'�0*)-,+'
~ L!M �!?eQSR � �A@ V!LeQSEfM\N!QKF#QSEfM1F�DSJi� &%& �-<>:�?!E�QS?!NI=`FHE�B1D�<><fM�E>VXD�?!N�=]?!A G�D�?�FHM � QS<fR]DnYiM1<>MO:!E>M1N
=]? FHL!=@EtYiDS< B�c ~ L!MOJ^DSR]R]D�Ys=@?!A-B�:�FHE�YiM1<>M\QSV!V!R@=]M1NyFHDWE>M�R@M�B3FZl!QSBKB�A�<>D�:�?!N�M3_�M1?�F>E

,�@ �ZG � � � � � � � �.- � ���OG ~ �sQS?!N  % % ! % �� �C � � �A@ �
, � $ �0/21(354768/ � $  

, Q ~ � �  $ ��

, 	� $ � �9/ �  � /  $'& �

,;:(<>=@? / � �! 

,BA / 	 �C �P A � ���E �P � /�	�A �E �P � � 	O���! �PDC�/ 	�%�E WQK?!NEC � �  
,BA / 	�A% ! �P A � 	���  �P � /�	O�  �P � � � �C �PDC�/ 	�A �  WQK?!NEC � 	�� �C 

YsL!M�<fM :(<>=F? P A P � QS?!N8CyY[M�<fMWUWM7QKE>:!<fM�N =]?�B1U QS?�N81(35476 � M1?!M�<fASa��g=]? G�M	7-c ~ L�M A P � QS?�N
C�B1D�DS<>N!=@?eQKFHM1E�QS<fMnN!M �e?�M�N E>:!B#L FHLeQKFgFHL!MnB1M�?�FH<fMWDKJ[F>L!M-_�M1E>E>M1R&=]E�QKF � A � � � C�� F �  �  �  ��ZQS?�N
FHL!M�?!M1BKB2=@E�R]DhB7QKF>M�N�EfahUWUCM3FH<f=]B7QKR]R@arQSlXD�:�F�F>L!M\VXD�Ef=@FH=`_�MGCCQ u�=]EsQS?!N :(<>=@? FIH � A �.J � �KJ C � �3c- QKB#L�B1:�FsYs=]R]R{?!D�Y�lXMON�M�E>B1<>=@lkM1N�=@?2N�M1F#QK=]R c

~ L�M @ QKF#Q �g?!QSR@ahE>=@E�G�QSE B �Z:!UjlkM1<1� @ � G �;�TB�:�F>E�M�?!Ef:!<>M1N-FHLeQ FdF>L!Mi=@?!EfF><>:!UWM�?�F#QKR�leQKBKB�w
A�<>D�:�?!N!E�N!=]EfB�:!EfE>M�NI=]? � LeQSV�F>M�<AnY[M�<>M\<>M1UCD�_�M1NIJ^<>DSU FHL!MONeQKFHQWEfM1F�c ~ L!M\UCQSEUBhE � � � � � �.- �
���OG ~ �-QS?!N  % ! % % �� �%  � � �A@ �OY[M�<>M�:!EfM�N5c � J^:!R@RiN!M1E>B�<f=]V�F>=]D�?�DKJ�F>L!M @ � G � B1:�FHEnB�QS?mlkM
J^D�:!?!N�=]? � � � � c

~ D�M1?!E>:!<fMyB�DS?!E>=@EfFHM1?!B1a Ys=@F>LpDSF>L!M�<"�OG ~ QS?eQSR`ahE>M�E1P � D�� M�?!M1<>ASa YtQKEj:!EfM�N � �%:>� c ~ L�M
<>M�EfD�R]:�FH=]DS? QS?!N E>B7QKR]Mn:!?!B1M�<GF#QS=@?�F>=]M1E�Y[M�<fMCB1D�UWV!:�FHM1N J^DS<gFHL!M � D��$LgM�?�M�<>AKa,M�EGFH=]UCQKF>D�<;l�a,FHL!M
MONQPSR FGL*@QN�?B=>A97O?B391�@QN�?B?<=>?<5QM9VW:IADEGF�\�5[A @QF�36=KC>5�3Y:0?PL�L�395*FG=�@�N�? P �UT ?WVYC�?I5�FG7U?<=�@@X NQP�R FGL]J>LX?PHK@�3 HYF LS@QF�=SY

M6J�F LXN�\�?<@ � ?I?<=�@�N>? :<ADEGFG\�5QAD@�?PHWAD=�H�Z�5QA �*[ ?<=�?I5�M6V 3D1;?�\6?<=�@QL@X



����� ���G
���� � ���� � ��� � � ���g� � � � �Z� � �	� � �  

� =]AS:!<>M ��c � � @ M �e?!=`FH=]DS? DSJ������-c ~ L!MjQK?!A�R]MglkM3FbYiM1M�?�M�QSB#LIVeQK=]<tDSJdL!=`FW�EG ~ EZ=@E�B7QSR@B�:!R]QKFHM1N5c

- ?�M�<>AKaIQK?!N � V�F>=]B�E�A�<fD�:!V8� � � � c ~ L!Mj:�E>MjDKJ � D�� M�?!M1<>ASa2J^D�<�QS?eQSR`ahE>=]E�UCQSN!M�FHL!M\QSE>EfM�EfE>UWM�?�F
DSJ5EGa�EGFHM1UrQKF>=]B�:!?!B1M�<fFHQS=]?�F>=]M�E =]?)FHL�=]E/YiDS< B)M7QSEf=]M1<�c ~ L!MZR]D�Y[M�< B�:�F[D�?rM1?!M�<fASaW<>M1N!:!B�M1NyB�DS?�FHQSUW=`w
?eQKFH=@D�?-J^<>DSU FHL!M�N�M�B7Q7a)DSJkDSF>L!M�<&NeQS:�A�L�FHM�<&?�:!B1R]M�=e=@?nFHL!M

� �
	�
 QS?!N

� � � ~ LWB#LeQS=]?�E[QK?!NrQKR]E>D;J^<fD�U
N!M1F>M�B1F>D�<g=@?!M8�WB1=]M�?�B�=]M1E�c ~ L!Mj:�V!VkM1<gB1:�F;D�?IM�?!M1<>ASa2M�?�E>:!<fM�N�FHL!QKFgF>L!=]EZQS?eQSR`ahE>=]EsFHDhDVB V!R]QSB�MO=]?
FHL!M�leQSBKB�A�<fD�:!?!N2N!D�UW=]?!QKFHM1N2<fM�A�=@D�?5P�F>L�:!Es<>M�N�:!B�=@?!ArQK?�ay?!M�:�F><>=@?!D)B�D�?�F#QKUC=@?eQKFH=@D�?5c

~ L�MXQb? ~ =]UWM ��QKFH=@D � Q ~ �g��B�:�F�V�<>D�_h=]N!M1N,QyUCM�QSE>:�<>MjDKJ �!F>F>M�<;VXM�<GJ^D�<>UCQS?!B1MSc ~ L�M-FH=]UWM
<>M�B1D�<>N�M�N�l�a�F>L!M �!FfFHM1<-leQS?PB YiQSE-B�DSUCVeQK<>M�N�Ys=@FHL�FHL!MrF>=]UWM)=@FjF>D�DYB J^DS<OF>L!MyR]=@A�L�F\J^<fD�U FHL!M
M1_�M1?�F�FHDj<fM7QSB#L M�QSB#L �OG ~ c Q JTF>L!=]E FH=@UCM�N!= �kM�<fM�?!B1MZJ^M1R]RXlkM3FbYiM1M�?yw ��c �\QK?!N �\?!E FHL!M1?yFHL!MZM1_SM�?�F
YtQSE�B1D�<><fM�B3FHR@a �!F>F>M�N5c � DS<�QS?�a �OG ~ M1_�M1?�F7P FHL!M Q ~ ��YiQSE�FHL�Mn<HQKF>=]DyDSJ&F>L!M-FHDSFHQSR�?�:!U-lXM�<�DKJ
B�D�<f<>M�B3FHR`a ��F>FHM1N-L!=`FHE FHDZF>L!M[F>DSF#QKRh?�:!UjlkM1<xDSJ�L!=`FHE1c � >� M�<>M1?PBSD�_jM1_�M1?�F�YtQKExJ QS=]<fR@a�=@?!EfFHQS?�F#QS?�M�D�:!E
QS?!N�FHL�M�<>M3J^D�<>MjLeQSN QrL!=@A�L Q ~ ��P5QSlXD�:�F �c=:��c G�=@EGw <>M�B1D�?!EGFH<>:�B1FHM1N QS?!N,?!D�?hw >� M�<fM�?PBKD�_,M1_SM�?�FHE1P
E>:!B#L�QSE�M�R@M�B3FH<>DS?!=]B;?�D�=]EfMSP!V!<fD�N�:!B�M1N�R@=]A�L�FtEfV!<>M�QSN2Dz_SM�<sQnR]DS?!A�M�<iVkM1<>=]DhN DSJ FH=@UCMgQS?!N FHL�:!EsLeQKN
E>UCQSR]R@M�<[_KQSR@:!M�EsDSJ%Q ~ ��c

�  � =]E-Q2UCM�QSE>:�<>MrDKJsM1_�M1?�Fn=]EfDSFH<fD�V�apQK?!NpFHL�M�<>M3J^D�<>MKP/Q�UWM7QKE>:!<fMrDSJ�F>L!MrN!=@EfF><>=]l�:�FH=@D�?�DKJ
�e<>M1N8�EG ~ En=]?�QS?�M3_�M1?�F�c Q F-YtQKE-B7QSR@B�:!R]QKFHM1N :!Ef=]?!AIF>L!M QS?�A�:!R QK<\N!=@EfF><>=]l�:�FH=@D�?pDSJsL�=@FHE\=]?�QK?
M1_�M1?�F7P������ PhQSE E>L!D�Ys?C=]? � =]A�:�<>M �!c=��c ~ L!MZQS?!ASR]Ms<>M1R QKF>=@_�MtF>DOF>L!M �!F>F>M�NC_SM�<GFHM3uClXM1FbY[M�M1? M7QSB#LCL!=@F
VeQS=]</DKJ*�OG ~ E[=]?nFHL!M�M1_SM�?�F7P	���
�zP�YtQSE :!EfM�Ny=@?CQ�R]=@?!M7QK<�B�D�Ujl!=]?eQ FH=]DS?nDSJ��TM1A�M�?!N�<>MK�dD�R`a�?�D�UC=]QSR]E1P
<>M1J^M1<><fM�N�FHDWQSE �  � c �  � YiQSEsN!M �!?!M�NIQSE �  J � � � YsL!M�<fM

� � F �
� � � 	 ���

 	 �
��� 

�
����� � ��

� �����������
��� �

��=]EtFHL�M�F>DSF#QKR5?�:!U-lXM�<sDSJ �EG ~ EZFHL!QKF �e<>M1N�=@? FHL!M�M1_SM�?�FgQS?!N��d=]E�F>L!M�D�<>N�M�<sDSJqFHL!M��TM�A�M1?!N!<fM
�dD�R`a�?�D�UC=]QSRB�@��Y� c

Qb? FHL�ML47698;:<47=?> M�?!M1<>ASa,=@?�FHM�<G_KQSR P5F>L!M >� M�<>M1?PBSD�_ R]=@A�L�F�V!<fD�N!:�B�M�N YiQSE\N�D�UC=@?eQKF>M�N,l�a,FHL!M
N!=]<fM�B1FdlXM1F#Q�N!M�B�Q7ajDSJ

�� � F =hF>DZF>L!MiA�<fD�:!?!N\EfFHQKFHM[DSJ �� � �dDZYs=@FHLjQS?jM1?!N-VXD�=]?�FdDSJ A�c=�%: G�M87jc � � 	 ~ R



����� ���G
���� � ���� � ����� � ���g� � � � �Z� ���	� � � �

N!M�B�Q�ahE\QSR]UWD�EGF�QSR@YiQ7ahEOM1UC=`F>F>M�N Q ��c � � �LG�M	7 A�QKUCUCQ�P5QKB�B�DSUCVeQK?!=]M1N l�a,DS?!MnD�<�UWD�<>MnR@DzY[M�<
M�?!M1<>ASa A�QSUCUCQSE�QK?!N2QWlXM1FHQnYs=`FHL2QS?�M�?�N�VXD�=]?�FsDSJd:!V FHD���c � G�M87jc � � 	 ~ RTM1_�M1?�FHE�V!<>DhN!:!B1M�N�Q
UCD�<fM-=]EfDSFH<fD�V!=@B >� M�<fM�?PBKDz_ R@=]A�L�F�N!=@EfF><>=]l�:�FH=@D�?IYsL!M1?pB�DSUCVeQK<>M�N,Ys=`FHL �� � F =�M3_�M�?�F>E-QS?!N =`F;YtQKE
FHL!=@E�N!= �kM�<fM�?!B1MO=@?�=]E>DKFH<>DSV�aCFHLeQ F�YtQSE�:!EfM�N�FHDWE>M�V!QS<HQKF>M�leQSBKB�A�<>DS:!?!N2B�D�UWVkDS?!M�?�FHE1c � D�UCV!QS<>M1N
Ys=@FHLCE>=@?!A�R]M�<>=@?!AOM1_�M1?�FHE�PeUj:!R@F>=]V!R@M�<>=]?�A\M3_�M�?�F>EtYiM1<>M;UWD�<>M�=]EfDSFH<fD�V!=@BSP�R]M�QSN!=]?�AOF>D-Q\R]QS<>ASM�<&_SQKR]:!M
DSJ ���
��QS?�N2F>Lh:�E;Q)E>UCQSR]R@M�<t_KQSR]:�MODKJ �  � c ~ L!M\<>=@?!A)DSJ >� M1<>M�? BSD�_�R@=]A�L�FsN!M3FHM�B3FHM1N�l�a2F>L!M �EG ~ E
YtQSE�Ef=]A�?!= �eB7QK?�F>R@a�l!<>D�QSN!M�?�M�N l�a,U-:!R`FH=]V�R]MjEfB7QKFfFHM1<>=]?�A DSJiM1R]M1B1FH<fD�?!E1c �gEOQy<>M1E>:!R`F7PTN!=@E>B1<>=]UW=]?!Q w
FH=]DS?IlXM1FbY[M�M�?,Ef=]?!ASR]M\QS?!N�U-:�R@FH=@V!R]M�B1D�?!M/>� M1<>M1?PBSD�_�M3_�M1?�F>E�:!E>=@?!Ay<f=]?!A �!F>F>=]?!ArQSR]ASD�<>=`FHL!UWEtYtQKE
N!= �WB�:�R@F7c ;ZD�Y[M1_SM�<�P FHL�MW=@E>DSF><>D�V�a�VeQS<>QSUCM3FHM1<�A�Q7_�MnA�DhD�N,N�=]E>B1<>=@UC=@?eQKFH=@D�?2lkM3FbYiM1M�?pEf=]?!ASR]MnQS?�N
U-:!R@F>=]V!R@MgM3_�M�?�F>E�c

� DhD�N >� M�<fM�?PBKDz_ M1_SM�?�FHE R]Q7a�lkM3FbYiM1M�? F>L!M�_KQSR@:!M�EWDSJgF>L!M2=]E>DKFH<>DSV�amV!QS<HQSUWM1F>M�<W:!E>M1N =]?
FHL!=@ErB�:�F7c ~ L�M,:!V!VXM�<rB1:�F Mvu�B1R]:!N�M�N UW=]EGw <>M1B�D�?!EGFH<f:!B1F>M�N M1_SM�?�FHE1P;QSEWFHL!DSE>M�M3_�M�?�F>E LeQSN _�M1<fa
B�D�?�F#QK=]?!M1NrQS?�A�:!R QK</N!=]EGFH<>=@l!:�F>=]D�?!E&QK?!NWF>L�:!E[L�=]A�L)_KQSR]:!M1E&DSJ �  � c ~ L!MZR@D�YiM1< _KQSR@:!M�B�:�F[M3u�B1R]:!N!M1N
_�M�<Gan=]EfDSFH<fD�V!=@BiM1_SM�?�FHE&FHL!QKF&QSV!VXM7QK<>M�NnF>D�D�<>=@A�=]?eQ FHM[J^<fD�U
FHL!MsQSB1<fahR]=@Bi_�M1E>EfM�R c ~ L�M�E>MsM3_�M�?�F>E Y[M�<fM
FHL!D�:�A�L�F;FHDylXM-B�QS:!E>M1N,l�a�M�=`FHL!M1<gEGFH<>M1E>E�<>M1R]=@M1J/DSJ&lXD�?!N�E;D�<gl�:!l!l!R@MjJ^D�<>UCQKF>=]D�?2D�?IF>L!M-E>:�<fJ QSB1M
DSJ&FHL!MnQKB�<fahR@=]BSc ~ L!MnMvu�QSB1FOUWM�B#LeQS?�=]E>U =]Eg?!DSF�:!?�N!M�<fEfFHDhDhN5c �ZR]RdA�D�DhN�M3_�M�?�F>E\LeQKN �  � _KQSR@:!M�E
=]? FHL!M�<>QS?!A�M�EfVkM1B�=��!M�NIl�ayF>L!=]E�B1:�F7c

��<HQSN�= QSR B�:�F�DSJ :(<>=@? / � �! rB1U YiQSE�QKV!V!R]=@M�N2FHDy<fM�UWDz_SM-M3uhF>M�<>?!QSRxlXM1FHQ wbA�QKUCUCQWM3_�M1?�F>E
J^<>D�U F>L!M �OD 
 � ; �>� FHLeQ FCUW=]E�wb<fM�B�DS?!EfF><>:!B3FHM�N =]?!Ef=]N!M F>L!M @ ��� c ~ L!=]E)_�D�R@:!UWMyYtQSE �)� ( DKJ
FHL!M�FHDKF#QSR @ ��� _�DSR]:!UWM�l!:�F�YiQSE�E>:<�WB�=@M�?�FsFHD)V!<fDz_h=@N!MOQS?�M�EfF>=]UCQKFHM�DKJdF>L!MOQSB1F>=@_h=@Fbar=]?yFHL�M�J^:�R]R
@ ��� _�DSR]:!UWMsQSE/FHL!MsYiQKFHM1< YiQSE <>M�AS:!R QS<fR@a\<>M1B�=]<fB�:!R]QKFHM1NWJ^DS<&QSE>E>Q�ahE1P�FbahV!=]B�QSR]R`ajFbYs=@B�M�M1_�M1<fa)FHL�<>M�M
YiM1M B�E�c ~ L!M�<fM1J^D�<fMSPeQK?�ayQSB1F>=@_h=@FbaW=@?rFHL!M @ ��� B1D�:!R@NylkM;QSE>Ef:!UCM1N FHD-lXM;:!?!=`J^D�<>UWR@a)N�=]EfF><>=@l!:�FHM1N5c

~ Y[D)QS<fM7QSE[DSJT=]?�B�<>M�QSE>M1N�QSB1F>=@_h=@FbanY[M�<fM;J^D�:!?!NrD�? � �A@ EGFH<f=]?!A�E�� � QK?!N A��� � �jQS?!N � �S�3c
~ L!M�EfM;YiM1<>M�UWM7QSEf:!<>M1N2:�E>=]?�AnQ-E>M1VeQS<HQ FHM�QS?!QSR@ahE>=@E�P�D�:�FHR@=]?!M1Nr=@? D�M�B3FH=@D�? �!c=��c ~ L!M�B1:�FHE�:!EfM�N FHD
M3u�B�R@:!N!MnFHL!M-FbY[D�L!DSF>E>VXDSFHE�Y[M�<>M�	 �C E/ A P A � ���! �P � / 	-A �! �P � � 	O���! �P*C / 	��%�! QS?�N
C � �  �J^DS< � ��QS?!No	-A% % �/ A P A � 	���  �P � / 	O�  �P � � � �C �PQC8/ 	-A �  2QS?!N C � 	� �% 
J^D�< ����cOG�DS?�F>M � QS<>R@DjEf=]U-:!R]QKFH=@D�?!E DSJ FHL!MgL!DSFHEfVkDKFHEiY[M�<fMO:�E>M�N F>D-D�V�F>=]UW=]E>MsFHL�M�B�:�F>EsQS?!N D�?!R`a
QCE>UCQSR@RT?h:�U-lkM1< �W/ � ( �sDSJ/M1_SM�?�FHE�<fM�UCQS=]?�M�NIDS?!B�MOFHL!M1E>MjY[M�<fMnQSV!V!R@=]M1N��fc ~ L!=]EsFH<>QS?!E>R]QKFHM1NIFHD
R]M�EfEtFHLeQK?,�OM3_�M1?�FsJ^<fD�U M�QSB#L2L!DSFHEfVkDKF�<>M1UrQS=@?!=]?�A-=]?yF>L!M�NeQKFHQ-D�?!B�M�B1:�FHE�Y[M�<fM�QSV!V!R@=]M�N{c ~ L!M�EfM
B�:�F>EZQK<>M�E>L!D�Ys?�=]? � =]AS:!<>M ��c=A�c

�Z? M1_�M1?�FOF>LeQKF�V!QSE>EfM�N�QSR]RqDSJ&FHL!M)QKlkD�_�MnB1:�FHE�YiQSE�QyB7QK?!N!=]N!QKFHM-l!QSBKB�A�<>D�:�?!N�M3_�M1?�F�c �gE
FHL!MO<HQKF>M\DKJ�?!M1:�FH<fD�?IV!<fD�N�:!B1F>=]D�?�YtQKEgN!M1VkM1?!N!M�?�Fg:!VkDS?�YsL!M3FHL!M1<;QS?2M1_SM�?�F;YiQSE

�� � F =TDS< � � 	 ~ R
� � & � PhB7QK?!N!=]N!QKFHM�leQSBKB�A�<fD�:!?!NyM3_�M1?�F>EtLeQSNWFHDOlkM�E>M1VeQS<>QKFHM1Ny=]?�FHD�FHL�M�J^D�:�<[Ef=]A�?eQKR]E/V!<fM�E>M1?�F�=]?)FHL!M
@ ��� <>M1A�=]D�?{c ~ L!=]E�B�D�:�R]NI?�DSFglXMjN�D�?!MOD�?�QS?IM1_�M1?�F�l�a�M3_�M1?�F;leQSE>=@E�PXE>DCUrQ u�=@U-:!U R@= BSM1R]=@L!D�DhN
E>M�V!QS<HQKF>=]D�? UWM1FHL�D�N!E Y[M�<fM�:!EfM�N�DS? F>L!M J^:�R]R;EfM1F�DSJ-leQKBKBhAS<>D�:!?�N�B7QK?!N!=]N!QKFHM1E�c �/<fD�leQSl!=@R]=`Fba

	�
 N�?PLX? L�F�7 J�E A @�FG39=�L � ?<5Q?�C ?<5�14395Q7U?IH J>LXFG=�M P �.T � /�� AD=�H����� 
 E�AD=>H������� F � ?<5Q? L�FG7 J�E A @Q?IH 39= @QN�? LXJ>5X1 A6:0?
391����SX



����� ���G
���� � ���� � ����� � ���g� � � � �Z� ���	� � � �

y = −350

y = 150

z = 80

z = −220

x =−40 x = 150

K5 hotspot
K2 hotspot

x = −300 x = −210

y = −10

y = 140

z = −360

z = −240

� =]A�:�<>M �!c'A � - u�B1R]:!Ef=]D�? B�:�FHE�J^D�<�FHL!M � �2QK?!N ��� L!DSF>E>VXDSFHE1c ~ L!MWN!=]QSA�<HQKUCE�QK<>MW?!DSF�FHD2E>B�QSR]M
QS?!N FHL!M�<fM�N2leQS?!N!E�<>M1V!<>M1E>M1?�F�FHL�MOL�DSFHEfVkDSF>E�c

@ M�?!Ef=@Fba � :!?�B1FH=@D�?!E �^VkN�J^E#�\Y[M�<>M�B1D�?!EfF><>:!B3FHM1NoJ^<fD�U G2D�?�FHM � QS<>R@D,QS?!Nm:!EfM�Nm=]?mQ,UCQ u�=]U-:�U
R]= BKM�R@=]L!DhD�N �!FsFHDnFHL�MON!QKF#Q�c

F M1J^D�<fM�QKF>F>M�UWV�FH=@?!A-QK?�aCR]=CBSM1R]=]L�D�DhNCEfM�VeQK<HQKF>=]D�?yDKJTFHL!M�NeQ F#Q�PhE>M3_�M�<>QSR5_KQS<>=]QSl!R@M�E&YiM1<>M�B#L!DKw
E>M�?,F>LeQKF;Y[M�<fMWB�QSVeQSl�R]M-DSJ EGF#QKF>=]EfF>=]B�QSR]R`a E>M1VeQS<HQ FH=]?�AyFHL!MnB�QS?!N!=@NeQKFHMjM1_�M1?�FHEO=]?�FHDyN�= �kM�<>M1?�F�E>:!l�w
E>M1F>E�c Qb? FHDSFHQSR P�FbY[DW_KQS<f= QSl!R@M�E1P�M3_�M�?�FZ<HQSN�=]:!E�QK?!N M1_SM�?�Fg=@E>DSF><>D�V�aSP�Y[M�<>M�:!EfM�N2=]?�Q � @ �!F�F>D-FHL!M
NeQKF#Q�FHD\E>M�V!QS<HQKF>MgM3_�M�?�F>E�=]?�FHD F = @ ��� P ~ R @ ��� QS?�N � �A@ M3_�M1?�F>E�c �ZDSF>M�F>LeQKF[?!Dj_KQS<f= QSl!R@MtYtQKE
J^D�:!?!N�F>DyN!=]EGFH=@?!A�:!=@E>LIlXM1FbY[M�M1? F =�QS?!N ~ Rx=]?�FHL!M � �A@ l!:!R B�QS?!N�FHL!M1E>M-Y[M�<>M-F><>M�QKFHM1N QSE;D�?!M
leQSBKB�A�<>DS:!?!N5c
��������� �E ���� � %��	��
�"��D"�, .43� 
~ L!MgM1?!M�<fASarEfVkM1B1F><HQjDSJ

� � 	 ~ R{QS?�N
�� � F =kQS<>M�A�=@_SM�?y=@? � =@A�:!<fM ��c �!c �tFtR]D�Y M1?!M�<fA�=]M1E�PhFHL!MZM�?!M1<>ASa

E>VXM�B1F><HQyDSJ
� � 	 ~ RxQS?!N

�� � F =xQS<>Mj=]N!M1?�F>=]B�QSRd=@?�E>L!QSVkMKc ~ L�:!E�PT:!Ef=]?!ArM�?!M1<>ASaIE>VXM�B1F><HQ QSR@D�?!MKP{=@Fg=]E
=]UWVkD�EfE>=@l!R]MsFHDnN!=@EfF>=]?!A�:�=]E>L

� � 	 ~ RTQS?!N
�� � F = c �gEtF>L!M�<HQKF>=]D-DKJd?�M�:�F><>D�?!E�V�<>DhN!:!B�M1N2F>D >� M�<fM�?PBKDz_

R]=]ASL�F&=@?WF>L!MsYs=]?!N!D�Y =@E&N!= �kM�<fM�?�F7P�=@F =@E =@UCVXD�<GF#QS?�F/FHL!QKF&FHL!M�B�D�?�F><>=]l�:�FH=@D�?!E QS<>M�E>M1VeQS<>QKFHM1N5c ~ L!=]E
=]E�VXM�<fJ^DS<>UWM�N�:!E>=@?!A)=]EfDSFH<fD�V�a�c

�������#*  '�3�,�� 3�
 %��	��
�"��D"�,2. 3� 
�tFtR]D�Y M1?!M�<fA�=]M1E�P >� M�<fM�?PBKDz_rR]=@A�L�F[V�<>DhN!:!B�M1Nyl�a �� � F =XN�M�B7Q7ahE�=]E N!D�UW=]?!QKFHM1NCl�a)FHL!MZN!=]<fM�B3FilXM1FHQ
N!M�B�Q�a2FHDWFHL!M\A�<>DS:!?!NIEGF#QKF>MjDSJ

�� � �dDrYs=`FHL�QK?IM�?�N�VkDS=]?�FgDKJ�A�c=�%: G�M	7-c ~ LeQSR@R]=]:�U)w4�! � N!M1B7Q7ahE



����� ���G
���� � ���� � ����� � ���g� � � � �Z� ���	� � � A

� =]A�:�<>M �!c�� � - ?�M�<>AKa�N!=]EGFH<>=@l!:�F>=]D�?!EtJ^DS< @ �>� QS?!N � �A@ G � M1_SM�?�FHEZ=]?�FHL!M 47698;:<47=M>2UWD�?!=@F>D�<>=@?!A
Ys=]?!N!D�Y�c

l�a�lXM1FHQWM1UC=@E>Ef=]D�? FHD)D�?�M\DSJqFHL�<>M�MOM3u�B1=@FHM1NIEGF#QKF>M�E�DSJ
� � 	 �/l5P�QSR@R5DSJdYsL!=]B#L�N!M�B�Q�a�l�a2Q)E>M1<>=]M1EZDKJ

A�QSUWUrQ-M1UC=@E>E>=@D�?!E�FHD)FHL�M ��c � � � G�M	7 EfFHQKFHMKc ~ L!=@EZEf:!l!E>M ��:!M�?�FHR`aIN�M�B7Q7ahEgF>DWF>L!M\AS<>D�:!?�NIEfFHQKFHM
DSJ

� � 	 �/l l�a M�UW=]E>Ef=]D�?,DKJ�Q ��c � � �NG�M87 A�QSUWUCQ�c >� M1<>M�? BSD�_pR@=]A�L�F�V�<>DhN!:!B�M1N�l�a � � 	 ~ R/N!M1B7Q7ahE
=]? @ �>� YiQSEtN�D�UC=@?eQKF>M�Nrl�aWFHLeQ FiJ^<>DSU EfM1_SM�<HQKR{lXM1F#QKE�QS?!NyA�QSUCUCQSE1c�;ZD�Y[M1_SM�<�P >� M1<>M1?PBSD�_ R@=]A�L�F
V!<>DhN!:!B1M�N l�a

� � 	 ~ RkN!M�B�Q�ahE�=@?rFHL!M � �A@ l!:!RCBWYiQSEtN!DSUC=@?eQKFHM1Nyl�aCF>LeQKFtJ^<fD�U A�QSUWUrQKE�P�UrQK=]?!R`a
FHL!M��hc � � � G�M87 A�QSUWUrQ�c ~ L!M1<>MtYiQSEx_SM�<fa-R]=@FfFHR@M B1D�?�FH<f=]l!:�F>=]D�?OJ^<>D�U lXM1F#QKE/QSEx?�M7QS<fR@ajQSR]R�DSJ�FHL�M�U
YiM1<>MrEGFHD�V�VkM1N�=]? FHL!MC?!=]BKBKM�R DSJtFHL�M � �A@ B�D�:!?�F>M�<jL�D�:!E>=@?!A!c ~ L�:!E�P � �A@ l!:!RCB � � 	 ~ R[M3_�M1?�F>E
YiM1<>MWR]M�EfE�=]E>DKFH<>DSV!=]BnQK?!N�L!QSN Q2L!=@A�L!M1<�Q�_SM�<>QSA�Mn_KQSR]:!MnDKJ �  � PTYsL!M1?pB�DSUCVeQK<>M�N,Ys=`FHL ~ R @ ���
M1_�M1?�FHE�c ~ L�MyUCM�QS?p_KQSR@:!MCDKJ �  � J^D�<\F>L!M�EfMyM1_SM�?�FHEnYiQSEj_SM�<fa�E>=@UC=@R QS<;F>DIFHL!QKFjDKJ F =[=@? @ ��� cF =]EfU-:�FHLCN!M�B�Q7a�E�=@?CF>L!M � �A@ l!:!R BnY[M�<fM�<HQS<fM�R@a)EfM�M1?�QS?!NrY[M�<fM;_�M�<GarEf=]UW=]R]QS</=]?C=]E>DKFH<>DSV�a)F>D F =
@ ��� M3_�M�?�F>E�c

� =]A�:!<fM �!c ��E>L!D�YsE\=]E>DKFH<>DSV�a N!=@EfF><>=]l�:�FH=@D�?!E;J^D�<�FHL!M)J^D�:!<OleQSBKB�A�<fD�:!?!NpE>=]AS?eQSR]E�V!<fM�EfM�?�Fn=]?
FHL!M @ ��� <>M�AS=]D�?mDSJ�FHL!M�N!M3FHM1B1FHDS<�c F = @ ��� P F = � �A@ QS?�N ~ R � �A@ =@E>DSF><>D�V�a�N!=@EfF><>=]l�:�FH=@D�?!E
YiM1<>M)_�M�<Ga E>=]UW=]R]QS<�Pkl!:�FOFHL!M3a,YiM1<>MWE>=@A�?!=��!B7QS?�FHR`a�N!= �{M1<>M1?�FOJ^<>DSU FHLeQ F\DKJ ~ R @ ��� c ~ L!M1<>M1J^DS<>MSP
FHL!M;=@?!B�R@:!E>=@D�?rDKJ =]E>DKFH<>DSV�aC=]?yQ �!FtF>DjFHL!MgNeQKF#QjY[D�:!R@Nrah=]M1R]Ny=@?�J^D�<>UCQKF>=]D�?CQSlXD�:�FiF>L!M

� � 	 ~ R{QS?!N5P
L!M�?!B1MSP

� � � ~ LjB�D�?�FHM1?�F�DSJ!F>L!M @ ��� c Q FqY[D�:!R]N\?!DSFdlkM[VkDSE>E>=@l!R]M/F>D �!FxQSR]R�DKJ�FHL�MiB�DSUCVXD�?!M1?�F>Ex:!Ef=]?!A
=]E>DKFH<>DSV�aWQKR]D�?!MKPhQSE F>L!MgEfUrQKR]R!N!= �{M1<>M1?!B�M1EtlkM3FbYiM1M�? � �A@ l!:!RCB)QS?!N F = @ �>� N!=]EGFH<>=@l!:�F>=]D�?!E/Y[M�<fM



����� ���G
���� � ���� � ����� � ���g� � � � �Z� ���	� � � �

Beta14
-0.2 0 0.2 0.4 0.6 0.8 1

N
or

m
al

is
ed

 E
ve

nt
s

0

0.02

0.04

0.06

0.08

0.1

Bi D2O
Bi NCD
Tl D2O
Tl NCD

� =]A�:�<>M �!c � � QbE>DKFH<>DSV�aWN!=@EfF><>=]l�:�FH=@D�?!E&J^D�< @ �>� QS?!N � �A@ G � M1_SM�?�FHEt=@?CF>L!M547698;:<47=?>yUWD�?!=@F>D�<>=@?!A
Ys=]?!N!D�Y�c

?!DSF�A�<>M�QKFsM�?�D�:!A�L2FHDWV!<>D�_h=]N!MOQS?�QSB1B�:!<>QKFHM �!F7c � D�U-l�=]?!=@?!An<HQSN�= QSRTQK?!N�=@E>DSF><>D�V�a =@?�J^D�<fUrQKF>=]D�?{P
FHL!M ~ R @ ��� P F = @ �>� QS?!N � �A@ B�D�UWVXD�?!M�?�F>E�UCQ7aylXM�E>M�V!QS<HQKF>M�N5c

���������  '�3�,�� 3�
 %�� .W' ,�� .�� )-,2.43� ����� .�� 0 "�,2. 3� 
~ L!M-QSl�=]R]=`FbayDSJdFHL!MXG�D�?�FHM � QS<>R@DWF>DC<fM�B1<>M7Q FHM\F>L!Mj=@E>DSF><>D�V�a�N!=@EfF><>=]l�:�FH=@D�?�B�D�<f<>M�B3FHR`a YtQSE�FHM1EfFHM1N
l�a B1D�UWVeQS<>=@?!A�B7QSR@=]l!<>QKFH=@D�?,E>DS:!<>B1MCNeQ F#Q2QS?!N#G2D�?�FHM � QS<>R@D!c �Z?�a�N�= �kM�<>M1?!B�MW=]? FHL�MCUWM7QS? D�<
Ys=]N�F>L DSJ �  � N!=]EGFH<>=@l!:�F>=]D�?!E&Y[D�:!R]N L!Q�_SM�LeQSN =@UCVXD�<fFHQS?�FtB1D�?!E>M ��:!M�?!B1M�E�=]?rF>L!M 47698;:<47=?>�QS?eQSR`a�Ef=]E
DSJ[F>L!MWR]D�Y M1?!M�<fASa leQSBKB�A�<fD�:!?!N!E1c Q J[FHL!MWNeQKFHQ Y[M�<fMrUWD�<>Mn=@E>DSF><>D�V�=]B-FHL!QS? F>L!M G � P =@F�Y[D�:!R@N
lkMCR]= BKM�R`a,FHLeQKF\FHL!MyQSUCDS:!?�FjDSJ � � � ~ L�=@?�F>L!M @ ��� LeQSNplkM1M�?�D�_�M1<>M�EGFH=@UrQKF>M�N5c � D�?�_�M�<fE>M1R@a�P&=`J
FHL!M-N!QKF#QrL!QSN,lkM1M�? R]M1E>E;=@E>DSF><>D�V�=]BSP�FHL�MnQSUWD�:!?�F;DSJ

� � � ~ L,Y[D�:!R@N�LeQ7_�MnlXM�M1? :�?!N!M�<fM�EGFH=]UCQKF>M�N5c
� D�UCV!QS<>=@E>D�?WDSJ5B�QSR]=@l!<HQ FH=]DS?WN!QKF#Q\QS?!Nr=`FHE QSEfE>DhB�= Q FHM�N G�D�?�FHM � QS<>R@D\=@?!N!=@B7QKF>M�NyQO?!D�?�w ?!M�ASR]=]AS=]l!R@M
N!= �kM�<fM�?!B1MO=@? FHL!M�B�M1?�FH<HQKR]R@a �!F>F>M�N � QK:!E>Ef= QS?�UWM7QS?!EsDSJqFHL�MO=@E>DSF><>D�V�arN!=]EGFH<>=@l!:�F>=]D�?!E1c

Qb?oQSN�N!=@F>=]D�?pF>D,FHL!M N!=@EfF><>=]l�:�FHM1N �gQ QS?!N �s?�E>V!=CBSM�E1P  9 � VXD�=@?�F-E>D�:!<fB�M1EWY[M�<fM2:�E>M�NmFHD
QSE>EfM�E>E&FHL�M�D �{EfM1F lkM3FbYiM1M�?CNeQKF#Q�QS?�N G�DS?�F>M � QS<>R@D!c @ QKFHQ;B�R@M7QS?!=@?!A � @ � G �;�3P�M1?!M�<fASa�P�=@E>DSF><>D�V�a
QS?!N�Q ~ � B1:�FHE[YiM1<>M�QSV!V�R]=]M1NrFHD-QSR]RXE>D�:�<>B�M1EsQS?!N�QS?�QKN!N!=@F>=]D�?!QSReFH<>=@A�A�M1<[B1:�FsQSV!V�R]=]M1NrFHD\FHL!M


9 �

NeQKF#Q�c�� B�M�?�F><HQSR � QS:!EfE>= QK? �!F�YtQKE�UCQSN!M;F>DnM1_SM�?�FHE�FHLeQKFsV!QSE>EfM�N�FHL!M�B1:�FHE�QS?!N F>L!M�<>M�Ef:!R@F>EsQS<>M
A�=@_SM�?�=]? ~ QSl!R]M �!c`��c

�/R@DSFHEqDSJ!F>L!M �  � N!=@EfF><>=]l�:�FH=@D�?!ETJ^D�< FHL!M �! % �
� � �gQZQS?!N

� � �
�s?-E>V�= BSM1E/QS<fM[EfL!D�Ys?n=]? � =]A�:!<fM�E

�!c � QS?!N �!c=:�c � D�<sQSR@R{FHL�<>M�M\E>D�:�<>B�M1E�P�FHL!MOB�M1?�FH<HQKR]R@a �!F>F>M�N � QS:�E>E>=]QS?2UCM�QS?2YiQSE�R]D�Y[M�<�=]?2NeQKF#Q
FHLeQS?j=]?RG � =@UCV!R`ah=]?!A�FHL!QKFxF>L!MtNeQKFHQZYiQSE�UWD�<>M =]EfDSFH<fD�V!=]BKc ~ L�M�<>MtYiQSE�?�D;E>=@A�?!=��!B7QS?�F�N�= �kM�<>M1?!B�M



����� ���G
���� � ���� � ����� � ���g� � � � �Z� ���	� � � �

D�D�:!<fB�M @ QKF#Q G�M�QS? G � G2M7QS? @ Q F#Qjw G �
9 �  $ �C C� � �� $  ! % �  $ �!� �C ��/ $  % ���� 	� $  ��S� � �  $  % �� �� � �gQ �! % �  $ ��! � �� $  ! % C:  $ � �  % ��/ $  % �� � 	� $  % & � �  $  % �� �� � �
��?  $ � �)�!A��� $  ! �!�  $ � � � � �/ $  % %A% 	� $  �� �!A �  $  % ���

~ QSl�R]M �!c`� � ��M1E>:!R`FHEyJ^<>DSU F>L!M QS?eQSR`ahE>=]ErDSJOE>D�:!<fB�M NeQKFHQ�QS?!N G � J^D�<yEfVkM1B�=��!M�N B7QSR@=]l!<>QKFH=@D�?
E>D�:!<fB�M1E�cOQb?2F>L!M�B7QSEfMODKJ  9 �OP�Qn_SD�R]:�UCM�QS?�N�M1<><>DS<tYiM1=]A�L�FHM1NIUWM7QS?�DSJdE>DS:!<>B1MO<f:!?!EsYtQKEsFHQYBSM1?5c

Beta14
0 0.2 0.4 0.6 0.8

N
or

m
al

is
ed

 E
ve

nt
s

0

200

400

600

800

1000

1200

MC

Data

� =]A�:�<>M ��c � � @ QKFHQ �;G�QSA�M�?�FHQ��gQS?!N G � � � <fM�M�?e�Z=]EfDSFH<fD�V�aIN!=@EfF><>=]l�:�FH=@D�?!EsJ^D�<ZF>L!M � � �
��?IE>V!=CBSMSc

~ L!MJG � LeQSEslXM�M1?�?!DS<>UCQSR]=@E>M�NyF>DnFHL!M�NeQKFHQ�c

=]?�F>L!MjYs=@N�FHL�DKJ/FHL!M-N!QKF#QyQK?!N G � N!=]EGFH<f=]l!:�F>=]D�?�E�c Q F�=]E Bh?�DzYs?�F>LeQKF �  � =@EZ_SM�<fa�E>M1?!E>=`FH=`_�M-FHD
leQSBKB�E>B�QKF>F>M�<>M1N R@=]A�L�F �'�����QS?!N =`FrYiQSE E>:!EfVkM1B1F>M�N F>LeQKFyF>L!M�N!= �{M1<>M1?!B�M,B1D�:!R]N lXM,N!:!M�F>D FHL!M
UCDhN!M�R@R]=@?!AjDSJ � �A@ <>M �eM�B3FH=@_h=`Fba =]?LD � � G � �Oc

~ L�MyN!= �kM�<fM�?!B1MrlXM1FbY[M�M1? � �A@ <>M �eM�B3FH=@_h=`Fba�=@?pFHL�MrNeQKFHQIQS?�N/G � YtQKE-M3u�VXM�B1F>M�N�FHD�lkM
E>UCQSR]R c ~ D F>M�EGFrYsL!M3FHL!M1<CFHL�M � �A@ <>M �eM�B3FH=@_h=`FbamB�D�:!R@N B�QS:!EfMIE>:�B#L QS? M �{M1B1F�PtFHL!M � �A@ <>M3w
�eM�B3FH=@_h=`Fba�_SQKR]:!M1Er:!EfM�N =@?D � � G � � Y[M�<fMI=@?!B�<fM7QSEfM�N l�a Q�U-:!R`FH=@V!R]=@B7QKF>=@_�MCB�D�?�EfF#QK?�FyDSJ ��c ��c
~ L!My_KQSR]:!MCDSJsFHL!=@EjU-:�R@FH=@V!R]=@B7QKF>=@_SMWB1D�?!EGF#QS?�FnYiQSEnB#L!D�EfM�? QSE-=@FjM�?!Ef:!<>M1N�FHLeQKFjFHL!M <fM �eM1B1FH=`_h=@Fba
<>M�UCQS=@?!M�NWV!L�ahE>=]B�QSRX= c MSc�R@M�E>E FHLeQK?I�  % ( c Qb?!=@F>= QSR@R@a�P �5G�M	7 B�=]?!M3FH=@B�M1?!M�<fASaCM�R]M1B1F><>D�?!E&Y[M�<>MgE>=]Unw
:!R QKF>M�N���Ys=@F>LylXDSFHLrF>L!M;?!DS<>UCQSRXQS?!N =]?�B�<>M�QSE>M1N <>M �eM�B3FH=@_h=`Fba�c

� � 	 ~ R{N�M�B7Q7ahEtY[M�<>M�QKR]E>DjE>=]Uj:!R QKF>M�N
Ys=@FHL F>L!M�=]?!B1<>M�QSE>M1N�QS?!N�?!DS<>UCQSR{<fM �eM1B1FH=`_h=@FH=@M�E1c ~ L!M\<fM�Ef:!R@F>EsQS<>M�A�=`_�M�?�=@? ~ QSl!R@M �!c=�)QK?!N�E>L!D�Y
FHLeQKF�=@?!B�<fM7QSEf=]?!A F>L!M)<>M �!M�B1F>=@_h=@Fba�DSJ[F>L!M � �A@ E�UCQSN!MnM1_SM�?�FHE\UCDS<>M-=@E>DSF><>D�V!=@BSc ~ L�M1a =]?�N!=]B�QKFHM
FHLeQKF[FHL!MZN!= �kM�<fM�?!B1M;=]?CUCM�QS?!E YtQSEi=]?!N!M1VkM1?!N!M1?�FtDSJTFHL!MZE>=@U-:!R Q FHM�NCVeQS<GFH=]B1R]MKc Qb?�FHM1<>UWM�N!=]QKFHM�_SQKR`w

� P �.T � /�� \6?<5[LXFG39= � � ��� � �*A9L J>L�?IH�F�=�@QN�FGL � 365��



����� ���G
������������ ��� ��� � ���g� � � ���Z�����	� � � �

Beta14
0 0.2 0.4 0.6 0.8

N
or

m
al

is
ed

 E
ve

nt
s

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

MC

Data

� =]A�:�<>M �!c=: � @ Q F#Q �;GIQKA�M�?�F#Q��-QS?!N�G � � � <fM�M�?e�j=]E>DKFH<>DSV�apN!=]EGFH<f=]l!:�F>=]D�?�EjJ^D�<-FHL�M�
��� � � � �ZQ
E>V!=CBSMSc ~ L!M5G � LeQSEslkM1M�?2?!D�<fUrQSR@=]EfM�NyFHDnF>L!M�NeQKF#Q�c

:!M�E�DSJ[<>M �eM�B3FH=`_�=`FbaIY[M�<fMWEf=]U-:�R QKF>M�NIF>D2B1D�? �e<fU�F>LeQKF�FHL�MnE>L!=`J F�=]?�F>L!MnUCM�QS? �  � YtQSE�N!=@<>M1B1FHR`a
V!<>D�VXD�<GFH=]DS?eQSRkF>DnFHL!M�=]?�B�<>M�QSE>M�=@? � �A@ <fM �eM1B1F>=@_h=@FbaSc

�ZE/FHL!M � �A@ <>M �eM�B3FH=@_h=`Fba-YtQKE[N!=@<>M1B1FHR`a-V!<fD�VXD�<fF>=]D�?eQKR�FHD�FHL�M�N�= �kM�<>M1?!B�Ms=@?WUWM7QK?!E&=]UWV!R]=@M�N
FHLeQKFOQ,��� =]?!B1<>M�QSE>Mn=@? <fM �eM1B1F>=@_h=@Fba,A�Q�_SM)<>=]EfM-FHD�Q N!= �{M1<>M�?�B�M)DSJZ	���� � ��� � ��� 	 5�� c ~ L!M)B�DSU)w
VeQS<>=@E>D�?�DSJdNeQKFHQCQK?!N G � J^D�<sE>DS:!<>B1M�E�A�Q7_�M\Q)EfL!=@J FsDKJt	���� ��� � � ��� 	

�
P!YsL�=]B#LI=@E�M ��:!=`_SQKR]M�?�FsFHD

FHL!M � �A@ E;lXM�=@?!A�� � � UWD�<>MO<>M �eM�B3FH=`_�Mn=]?2FHL!MjNeQKF#Q�c ~ L!=@EgE>:�A�A�M�EGFHM1N F>LeQKFZFHL!M\<>M �!M�B1F>=@_h=@Fba�=]?
D � � G � ��YtQSEs:!?�N!M�<fM�EfF>=]UCQKFHM1N�l�ayQ-J QSB1F>D�<tDSJdQSV!V�<>D7u�=]UCQKFHM1R@a2��c�� � c�� <>DS:!A�L B#L!M1BKB E>L!D�Y[M�N
FHLeQKF�F>L!=]EtY[D�:!R@N�L!Q�_SMjQ �{M1B1FHM1N2F>L!M � D�� M�?!M1<>ASa�l�a R@M�EfEsF>LeQS? ���yc

Q FWLeQKEWlXM�M1? N!M1UCDS?!EfF><HQKF>M�NmFHLeQKF � �A@ <>M �eM�B3FH=`_�=`FbamQ �kM�B3FHE)FHL!M�=]EfDSFH<fD�V�a�N!=@EfFH<f=]l!:�FH=]DS?5c
Q F�=]EgF>L!D�:!ASL�FgFHLeQKFgFHL!M-DSl!E>M1<f_�M1N�N�= �kM�<>M1?!B�MnlXM1FbY[M�M1?�N!QKF#Q QS?�N G � =@?�FHL!M � �A@ V!LeQSEfM-YtQKE
B7QS:!EfM�N l�a UCDhN!M�R@R]=@?!A�DKJ � �A@ <>M �eM�B3FH=`_�=`Fba =@? D � � G � � QS?�N F>LeQKF�<fM �eM1B1FH=`_h=@Fba LeQKN lXM�M1?

� 
 N�?BEGFG=�?IA95�F�@SV �*A9L*:036=��>5Q7O?PHWJ�LXFG=�MUF�=�@Q?<5Q7O?PHYF A @�?�\ A9E�J�?PL*3D1�5�?��>?I:0@�F \�F�@SV



����� ���G
������������ ��� ��� � ���g� � � ���Z�����	� � � :

�dQS<fF>=]B1R]M Qb?!B1<>M7QKE>M�N ��D�<>UCQSR @ = �{M1<>M1?!B�M- R@M�B1F><>D�? � � ��� � ��� ����������� ����� � ����� ���������� 	������ � � 
�� ��������� �
~ L!QSR]R@=]:!U � � 
%: ��
 � ��������
� ���'A�� :!A�� ��������� � 	������ �):���� ����������


~ QSl�R]M ��c 
 � �sM�Ef:!R@F>EiJ^D�< �  � J^<fD�U E>=]Uj:!R QKF>=]D�?�E DKJ �5G�M87�� Bh=@?!M1F>=]B7� M�?�M�<>AKayM�R@M�B3FH<>DS?!EsQS?!N � � 	 ~ R
N!M�B�Q�ahEsYs=@F>L2?�D�<>UCQSRTQS?�N�=@?!B�<fM7QSEfM�N � �A@ <fM �eM1B1F>=@_h=@FbaSc

:!?!N!M1<>M�EGFH=@UrQKF>M�N l�a QyJ QSB1F>D�<;B�R@D�E>MnF>D 
hc � =`_�M1? F>LeQKF�<fM �eM1B1FH=`_h=@Fba,=@?�D � � G � � _KQS<f=]M�N�J^<fD�U
QSV!V!<fD�u�=@UrQKF>M�R`a � c ����FHDC� � �yPhDz_SM�< YtQ7_�M1R]M1?!ASFHL�EtDSJ 
� � w � ���?�U�PhQOJ QKB1FHDS< DKJ 
O=@?!B�<fM7QSEfM�Y[D�:!R@N
?!DSFslXMO:�?!V!L�ahE>=]B�QSR c

Q F�YiQSEON!M�B1=]N!M1N F>LeQKF�F>L!M-_KQSR]:!MnDKJ �  � J^D�<�M7QKB#L2G�DS?�F>M � QS<>R@D M1_�M1?�F-E>L�D�:!R]N lXMnE>L!=`J FHM1N
l�anw ��c ���� ���OQS?!NrF>L!Mg:�?!B�M1<fF#QK=]?�FbarDS?rFHL!=@E[EfL!=@J F[:!EfM�NyFHDjD�l�F#QK=]?CQjEfahEfF>M�UCQKFH=@BgM1<><>DS<iQSEfE>DhB�=]QKFHM1N
Ys=@FHL �  � c ��DgN!= �{M1<>M�?�B�MtlXM1FbY[M�M1?nNeQKF#QgQS?!NRG � YiQSExJ^DS:!?!N\J^DS<dFHL�M[Ys=]N�FHLjDKJ!FHL!MiN!=]EGFH<>=@l!:�F>=]D�?!E1c
~ L!M�<fM1J^D�<fMSP!Q�E>L�=@J F&YtQKEtQSV!V�R]=]M1NWF>DOF>L!M G � QSE&FHL!MZQSV!V!R@=]B�QKFH=@D�?nDSJ Q�E>B�QSR]=@?!AOJ QKB1FHDS<&Y[D�:!R@NrLeQ7_SM
l!<>D�QKN!M�?!M1N�F>L!MXG � N!=]EGFH<f=]l!:�F>=]D�?{c ~ L�M\EfL!=@J FsYiQSEgQKV!V!R]=@M�N�D�?�QS?2M1_�M1?�F�l�a�M1_�M1?�F;leQSEf=]E1c � ?!B�M
QSV!V!R@=]M�N{P�FHL�M�<>M�YiQSEs?!DCEf=]A�?�=��eB�QS?�F�N!= �kM�<fM�?!B1M\lXM1FbY[M�M1?�F>L!M�NeQKF#QWQS?!NNG � N!=]EGFH<>=@l!:�F>=]D�?!E1c

��������� �����	� " ��
�"$# 
��� � # �
~ DWQSEfE>M�EfE�F>L!M�lXM�LeQ7_h=]D�:�<�DSJ FHL!M�=]EfDSFH<fD�V�arV!QS<HQSUWM1F>M�<1P �  � PeQSEsQ-J^:!?!B3FH=@D�? DSJd<HQSN!=@:!E�PhFHL!M�UWM7QS?
_SQKR]:!MtDKJ �  � J^D�</QKR]R�ASD�DhN

��
� <>:�?!E/=]?-F>L!M @ ��� YiQSE&B7QKR]B�:�R QKF>M�N-J^D�<�lXDSF>LnNeQKF#Q�QS?�N G � c � =]AS:!<>M

�!c � E>L�DzYsE �  � _SM�<>Ef:!Eg<>QSN!=@:!E�J^D�<sNeQKF#Q�� <fM�N���QS?�NHG�D�?�F>M � QS<fR]D�� l�R]:!M7�3c ~ L!MjEfV!<>M�QSNIDSJxVkDS=]?�FHE
QKF/R QK<>A�M1<x<HQKN!=]=hYtQSE/Ef=]UW=]R]QS<TJ^D�<�NeQKFHQ�QS?!N G � QS?!NnYiQSE&QSR]EfD;E>=@UC=@R QS<q=]?jUrQSAS?!=@F>:!N!MiF>D;FHLeQKF�E>M�M1?
=]?�FHL!MOEHQSR`F�V!LeQSEfM+� 
�>� c ~ L!MjEfUrQKR]RTE>V�<>M7QKN�DSJ �  � _SQKR]:!M1EgQKF�R]QS<>A�M1<s<HQSN!=@=5YiDS:!R]N�lkM\QSB�B1D�:!?�FHM1N
J^D�<tYs=@F>L�QnEGa�EGFHM1UrQKF>=]B�M�<f<>D�<sQKE>E>DhB�=]QKFHM1N2Ys=`FHL �  � c

��������� � " ��
W"$#�' ��
�"��D"��
��� 
~ L!M�<HQKN!= QSR�V�<>D �eR@M�ECDSJ @ ��� QS?!N � �A@ M1_SM�?�FHE2QS<fM�EfL!D�Ys? =]? � =]A�:!<fM ��c ��c � R]M�QS<>R`a�PtM3_�M1?�F>E
D�<>=@A�=]?eQ FH=]?�A\J^<>DSU FHL!M � �A@ l!:!RCByLeQSN2Q)N!= �kM�<fM�?�F�<HQSN�= QSR5V�<>D �eR@M;YsL!M�?�B�D�UWVeQS<fM�N Ys=@F>L�M3_�M1?�F>E
D�<>=@A�=]?eQ FH=]?�A�=@? FHL!M @ ��� c ~ L�=]En=]EnlXM�B�QS:!EfM � �A@ M3_�M1?�F>ECDS?!R@a�D�<>=@A�=]?!QKFHM1NpJ^<>D�U YiM1R]RtN�M �e?!M1N
<>M�AS=]D�?!Ed=]?-F>L!M �eN!:�B�= QKR�_�DSR]:!UWMSPSYsL�M�<>M�QSE @ ��� M1_SM�?�FHE&YiM1<>M�:!?�=@J^D�<fUCR`a�N!=]EGFH<>=@l!:�F>M�NjF>L!<>D�:�A�L!D�:�F
FHL!M �eN!:!B1= QSRt_SD�R]:�UCMKc���M�?!B1M�FHL�M @ ��� N!=]EGFH<>=@l!:�F>=]D�? YiQSE �eQKF>F>M�<)B�D�UWVeQS<fM�NmYs=@F>LoF>L!M � �A@
N!=]EGFH<>=@l!:�F>=]D�?5c ~ L!=@ErEf=]A�?!= �eB7QK?�FrN!= �kM�<fM�?!B1M�lXM1FbY[M�M�? F>L!MIFbY[D�<HQSN!=]QSRsN!=]EGFH<f=]l!:�F>=]D�?�EWB1D�:!R@N lkM
:!E>M1N�FHD)EfM�VeQS<>QKFHM�M3_�M�?�F>EgD�<f=]A�=@?eQKFH=@?!Aj=@? FHL!M @ ��� J^<>D�U � �A@ M3_�M1?�F>E�c



����� ���G
������������ ��� ��� � ���g� � � ���Z�����	� � � �

Radius (cm)
0 50 100 150 200 250 300 350 400 450

14β
M

ea
n 

0.39

0.395

0.4

0.405

0.41

Radius (cm)
0 50 100 150 200 250 300 350 400 450

14β
M

ea
n 

0.394

0.396

0.398

0.4

0.402

0.404

0.406

0.408

Radius (cm)
0 50 100 150 200 250 300 350 400 450

14β
M

ea
n 

0.39

0.395

0.4

0.405

0.41

Radius (cm)
0 50 100 150 200 250 300 350 400 450

14β
D

at
a-

M
C

 fo
r 

m
ea

n 

-0.08

-0.06

-0.04

-0.02

0

0.02

� =]A�:�<>M �!c ��� � QS:!EfE>=]QS?�UWM7QK? �  � _KQSR@:!Mn_�M1<>E>:�E-<HQSN�=]:!E�J^D�< @ ��� ��
� <>:�?!E�c��sM�N�=]E�NeQKFHQ�QS?�N

l!R]:!Mi=]EOG � c���DSFHMtF>LeQKF/FHL�MsQSV!V!<fD�V!<>=]QKFHMiE>L!=`J F/LeQSE&lXM�M�?WQSV�V!R]=@M�N-FHD�F>L!M G � _KQSR@:!M�E1c ~ L!Msl!R]QSBKB
VkD�=@?�FHEtEfL!D�Y�FHL�M�N!= �kM�<fM�?!B1M�=]?yFHL�M � QS:�E>E>=]QS? UWM7QS?�DSJ �  � DSJqB7QSR@=]l!<>QKFH=@D�?rN!QKF#QnQS?�N G � NeQKFHQ�c
~ L!M�D�l!E>M1<f_SM�N2<HQSN!=]QSRkF><>M1?!N�=@EtUWD�N!M1R]R@M�Ny=@? lkDSF>L FHL!M�G�DS?�F>M � QS<>R@D)QS?!N�B7QSR@=]l!<>QKFH=@D�?rN!QKF#QnQS?�N
FHL!M�E>UCQSR@R{<HQKN!= QSRkN!M�VXM�?�N!M�?!B1Mj=@EsQSB�B1D�:!?�FHM1N�J^D�<tYs=`FHL�Q)EGahEfFHM1UrQ FH=]B�M1<><>DS<�c

��������� � ��� 
���� "��
��� ��� �D" ��
�"$# ��
�' � � 
 � ) � 
��� �'
~ L!M�QSl�=]R]=`FbapDKJ;FHL!M G � F>Dp<>M1V!<>DhN!:!B1M2F>L!MI<>QSN!=]QSRtN!=@EfFH<f=]l!:�FH=]DS?!E)B�D�<f<>M�B3FHR`a�YtQSErQSE>EfM�EfE>M�N l�a
B�D�UWVeQS<f=]E>DS? DSJxB�QSR]=@l!<HQ FH=]DS?rE>DS:!<>B1MjQS?�N G � NeQKFHQ�c ~ L!M @ �>� <>QSN!=]QSR{N!=@EfF><>=]l�:�FH=@D�?rYiQSE�_�M�<f=��eM1N
l�a�B�DSUCVeQK<>=]?�ArNeQKFHQyQS?!NHG � J^DS<�F>L!M 
����

� � �gQ�P 
��� �
� � �gQyQK?!N 
��� �

� � �
��?IE>V!=CBSM�E1c ~ L!M�EfM

E>V!=CBSM�ETY[M�<fM[=@? fM�B3FHM�NO=]?�F>DsF>L!M/N!M3FHM�B3FHD�<dQS?!N�B1=]<>B1:!R Q FHM�N�F>D�V�<>DhN!:!B�M Q�?!M�QS< :!?!=@J^DS<>U N!=]EGFH<>=@l!:�F>=]D�?
DSJ[QSB1F>=@_h=@Fba�=]?,FHL�M @ ��� c � =]AS:!<>M ��c@���yEfL!D�YsE�FHL!M)<HQKN!= QSRqN!=@EfFH<f=]l!:�FH=]DS?�DSJ FHL!M 
�� �

� � �gQyEfV!= BKM
NeQKF#Q�B1D�UWVeQS<>M1N�Ys=@FHL F =�QS?!N ~ R @ �>� G � c �ZA�<>M1M�UWM�?�FWlkM3FbYiM1M�?oE>V!=CBSM�NeQKFHQ,QS?!N G � YtQKE



����� ���G
������������ ��� ��� � ���g� � � ���Z�����	� � � �

Beta14
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

N
or

m
al

is
ed

 E
ve

nt
s

0

0.02

0.04

0.06

0.08

0.1

0.12
Bi D2O
Bi NCD
Tl D2O
Tl NCD

� =]A�:�<>M �!c�� � ��QSN!=]QSReN!=]EGFH<f=]l!:�F>=]D�?�E�J^D�< � �A@ QS?!N @ ��� leQSBKB�A�<fD�:!?!N�Ei=]?)FHL�M547698;:<47=?>rUWD�?!=@F>D�<>=@?!A
Ys=]?!N!D�Y�c ~ L!MCL!=]ASL!M�EGFj<>QSN!=]:�E\l!=@?p=@EOEf=]A�?�=��eB�QS?�FHR@a�R]D�YiM1<jN!:�MWF>D�FHL�Mr:!V!VXM�<\QS?eQKR@ahE>=@E\B1:�FjDS?
<HQSN!=@:!E�c

A�D�DhN5P�=]UWV!R@ah=]?�AjFHLeQ F�FHL!MJG�D�?�F>M � QS<fR]D)QSB1B�:!<>QKFHM1R@a <fM�V!<fD�N�:!B�M1N�FHL�MON�=]EfF><>=@l!:�FH=@D�?5c
��DCB�QSR]=@l!<HQ FH=]DS? E>D�:!<fB�M1EZY[M�<>M\N!M�V�R]D�a�M1N�E>:��WB1=]M�?�F>R@a�?!M�QS<�F>DWF>L!M � �A@ EsJ^D�<�QS?�QSB1B�:!<>QKFHM

B�D�UWVeQS<f=]E>DS?,DSJiF>L!M)<HQSN!=]QSR�N!=@EfF><>=]l�:�FH=@D�?5c � D�<GFH:!?eQ FHM�R`a�PTFHL�M � �A@ L!DKFHE>VXDSF>EOB1D�:!R@N lXMW:!E>M1N�FHD
=]?�_�M1EfFH=@A�QKF>M\<fM�B�DS?!EfF><>:!B3FH=]DS?IB�R@D�E>M�FHD � �A@ EZQS?!NIQSR]EfDWF>L!Mj<>QSN!= QKR5V!<>D �eR]MODSJ�M3_�M1?�F>E�D�<>=@A�=]?!QKFH=@?!A
J^<>D�U FHL�M � �A@ E1c � =@A�:!<>M �!c`���-EfL!D�YsE;FHL!M	� �WL!DSFHEfVkDKF�QS?!N � �A@ G � <HQSN�= QSR V!<fD �eR]M1E�c ~ L!M�<fM
YtQSEdA�DhD�N\QSA�<fM�M�UWM�?�FdlkM3FbYiM1M�?-F>L!M FbY[D!P�QKA�QS=]?�=@?!N!=]B�QKFH=@?!A�FHLeQ FdF>L!MAG � QSB�B1:!<HQKF>M�R`a�<>M�V�<>DhN!:!B�M1N
FHL!MON!=]EGFH<f=]l!:�F>=]D�?{c � :!<GFHL!M1<�Y[D�< B � � �>�qLeQKEgE>L�DzYs?�FHLeQKFsF>L!M\<fM�B1D�?!EfF><>:!B3FH=@D�?�?!M�QS<gQK? � �A@ YtQKE
?!DSF�leQKN!R@arQ �kM�B1F>M�N�l�ayEfLeQSN!D�Ys=]?�A)J^<fD�U FHL!M � �A@ E�Pe=@?!N!=]B�QKFH=@?!A\F>LeQKFtF>L!M G � <>M1V!<>DhN!:!B1M�N�FHL!M
NeQKF#Q-Y[M�R@R c

��������� � "�� 
�� )	� #�
�
 �Q# 
 � ��� � � � � � ����� � "�� "
@ QKF#QWVeQSE>Ef=]?!AyF>L!M-EfM�R]M1B1F>=]D�?�B1<>=`FHM�<f= QCY[M�<fMnV!<>M1N!D�UW=]?eQK?�F>R@a�UCQSN!M\:!V,DSJ� �� F =dQS?!N������ ~ RdJ^<fD�U
FHL!M @ � � QS?!N � �A@ E�c �ZE>E>:�UC=@?!AyFHLeQ F�FHL!M1E>MnYiM1<>MnFHL�MnN!D�UW=]?eQS?�F�B1D�?�FH<f=]l!:�F>=]D�?�EgFHDyF>L!M)NeQKF#Q
E>M1F�P�Q 
 @ UCQ u�=]U-:�U R]=CBSM1R]=]L�D�DhN�UCM3FHL!DhNoB�D�:!R@N lXM2:!E>M1N FHD�N!M1F>M�<fUC=@?!M�L!D�Y U-:!B#L DSJ;M�QSB#L
leQSBKB�A�<>DS:!?!N�YtQKEnV!<>M1E>M�?�FW=]? F>L!MyD�l�E>M�<G_�M1N E>=@A�?eQSR c ~ L!M�M1_SM�?�FW=]EfDSFH<fD�V�a �^UCM�QSE>:!<fM�N�l�a�� �� �
QS?!NI<>QSN!=]QSRTN!=]EGFH<f=]l!:�F>=]D�?�EsY[M�<fMj:!EfM�N,QKEZFHL�M\EfM�VeQS<>QKFH=@D�?IV!QS<HQSUWM1F>M�<fEZ=@?IQ 
 @ <HQKN!= QSR J =]E>DKFH<>DSV�a
�!F�FHD)FHL!M�NeQ F#Q�c

~ L�M[?!DS<>UCQSR]=@E>M�N��/<>DSleQSl!=@R]=@Fba @ M�?!Ef=@Fba � :!?�B1FH=@D�? � VXN�J#�TQSEfE>DhB�=]QKFHM1N\Ys=@F>L\M�QSB#Ljl!QSBKB�A�<>D�:�?!N
YtQSEON!M3FHM�<fUC=@?!M�N J^<>D�U G�D�?�FHM � QS<>R@D�EGFH:!N�=]M�EODSJ � �� F = QS?!N ����� ~ R&J^<fD�U FHL�M @ � � QS?!N � �A@ E�c



����� ���G
������������ ��� ��� � ���g� � � ���Z�����	� � � �

(R/R_AV)**3
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

N
or

m
al

is
ed

 E
ve

nt
s

2000

4000

6000

8000

10000

12000

14000

16000

18000

Na2005

Bi D2O

Tl D2O

� =]A�:�<>M �!c`����� ��QSN!=]QSR5N!=@EfF><>=]l�:�FH=@D�?!E�J^D�< F = @ � � � F R]:!M7�3P ~ R @ � � � � <>M1M�?���QS?!N �ZQ 
�� ���MGIQ wA�M�?�F#Q��gNeQKF#Q�c ~ L!M)L!=]ASL!M�EGF�<HQSN!=@:!E;l!=@? =]E�E>=@A�?!= �eB7QS?�F>R@a�R]D�YiM1<�N!:!MnFHDyF>L!M):!V!VXM�<�QS?!QSR@ahE>=@E�B�:�F
D�?�<HQSN!=@:!E�c

)2 (cmNCD
2R

0 1000 2000 3000 4000 5000 6000

N
or

m
al

is
ed

 E
ve

nt
s

0

0.05

0.1

0.15

0.2

0.25 Tl+Bi Bulk

Tl D2O

Data K5

� =]A�:�<>M �!c`����� �ZQSN�= QSR!N�=]EfF><>=@l!:�FH=@D�?!E�J^D�< F = J ~ R!E>:!<GJ QSB�MKP ~ R @ � � QK?!N � ��L!DSF>E>VXDSF NeQKF#Q�c�Qb?CF>L!=]E
V!R]DSF�P : ������
	 � A����� � ��	 A ����� ��� J ��� ���� � �2	�� ����� ���7P5YsL!M1<>M A ����� 	 A B1D�D�<fN!=]?!QKFHM-DKJ
FHL!M � �A@ P A����� � ��	 A B1D�DS<>N!=@?eQKFHMgDSJdF>L!M�M1_SM�?�Fg_SM�<fF>M3u�QS?�N�Ef=]UW=]R QK<>R@anJ^DS<��kc

� �A@ l!:�R B2QS?!N @ � � ���
� F =xQK?!N ����� ~ RqN!M�B�Q�ahE;Y[M�<fM-A�M�?�M�<HQ FHM�NIl�a�E>M1VeQS<>QKFHMXD � � G � ��E>=@U-:�w

R QKF>=]D�?!E�QS?�N,M1_�M1?�FHE�YiM1<>M-EfM�R@M�B1F>M�N :!Ef=]?!Ay=@N!M�?�F>=]B7QKRqB1:�FHEZFHDrF>L!M-NeQKFHQ�c � D�<sFHL!MjNeQKF#QrQS?!N�M�QSB#L



����� ���G
������������ ��� ��� � ���g� � � ���Z�����	� � � �

leQSBKB�A�<>DS:!?!N5PXQ 
 @ VkN�JdDSJ � �
� QK?!N 3�������3 ��	� YiQSEsB�DS?!EfF><>:!B3FHM�N � � c

~ L�M�
 @ VXN�J^E/Y[M�<>Ms:!EfM�NWFHD�B7QSR@B�:!R]QKFHM[FHL!M�R@= BSM1R]=@L!D�DhN\J^:�?!B1F>=]D�?5c �gE/FHL�M�?�:!UjlkM1</DSJ{M3_�M1?�F>E
=]?,FHL!MWNeQKFHQ2EfM1FOYtQKE\N!<>Q7Ys?�J^<>DSU Q	�qD�=]EfE>D�?�= QS? N!=]EGFH<f=]l!:�F>=]D�? QKlkD�:�FOF>L!MnFH<f:!MCUWM7QK?�?�:!U-lXM�<
DSJtM3_�M�?�F>E�P�FHL�MrV!<fD�leQSl!=@R]=`Fba�DSJiUCM�QSE>:!<f=]?!AI� M3_�M1?�F>E-=]? FHL!MWNeQKFHQ�EfL!D�:!R@NplXMC=@?!B�R@:!N!M�N�=]? FHL!M
R]= BKM�R@=]L!DhD�NCM�EGFH=]UCQKF>M 
 	 R@? ��� � 	 �

�
� � �

R@?
 �

��� � � � ����� �
��� � � �!c`�z�

YsL!M�<fMSP�� =]E�F>L!M\F>DSF#QSRT?�:!UjlkM1<gDSJxM1_�M1?�FHE;=@?�FHL�M\NeQ F#QCEfM1F�P � � �q=]EsFHL!MO?!D�<fUrQKR]=]EfM�N�V!<fD�leQSl!=@R]=`FbaFHLeQKFtM1_�M1?�F��x=]E�QjFbahVXM��WEf=]A�?eQKR5QS?!N � ��=]EiF><>= QKRk?�:!U-lXM�<iDSJqM1_�M1?�FHE�DSJTFbahVkM��ec ~ L!M;_KQSR]:�M�EtDSJ � �YiM1<>M�_SQK<>=]M1N�:!?�FH=]RkFHL!M�UCQ u�=]U-:!U _KQSR]:!M�DKJdF>L!M�R]= BKM�R@=]L!DhD�NWYtQKEZD�l�F#QS=@?!M�N5c ~ L�M\UWD�EfFsV�<>D�leQKl!R]M
B�D�U-l�=]?eQKF>=]D�?rDSJ ~ R @ � � P F = @ � � QS?�N F = J ~ R � �A@ D�B1B�:!<f<>M1N�YsL!M1? 
 YiQSE�UrQzu�=@UC=@E>M1N5c

Qb?�F>L!=]E-Y[D�< B�P&FHL!M�R@= BSM1R]=@L!D�DhN YtQSE)B�QSR]B1:!R QKF>M�N�:!Ef=]?!A,FbY[D�=@?!N!M1VkM1?!N!M�?�FWB�DSUCV!:�FHM�<nV�<>DKw
A�<HQSUWE�P D�?!M�Ys<>=`F>F>M�?ol�a�F>L!M�QS:�FHL�D�<WQS?!N QS?!DSF>L!M�<W:!E>=@?!A FHL!M � �G� ~ B�R]QSE>E ~ � <HQKB1FH=@D�? � =`F>F>M�<
� � �9� cO�/<>M�R@=]UW=]?eQK<faWJ QYBSM�NeQKFHQ)F>M�EGFHEgEfL!D�YiM1NIFHL!QKF�lkDSF>L�V�<>D�A�<>QSUWE�VkM1<fJ^D�<fUCM1N�M �h:!QSR]R`arY[M�R]R PeE>M1M
~ QSl�R]M ��c���P{l!:�F;F>L!M � �G� ~ B�DhN!M-B�DS:!R]N�VXM�<GJ^D�<>U FHL�M �!FHE�Uj:!B#L,UCDS<>M	��:!=@BKB�R@a �TR]M1E>EgF>LeQS?,D�?!M
UC=@?h:�FHM)B�D�UWVeQS<fM�N Ys=@FHL�QSV!V�<>D7u�=]UCQKFHM1R@a�����UW=]?�:�FHM1EOJ^DS<�F>L!MrV�<>DSF>DSFbahVkMWB�DhN!MSc ~ L�MrN!M1B�=]Ef=]D�?
YtQSE�UCQSN!MZFHDn:!EfM�F>L!M�� �G� ~ B�R QKE>EsQS?!N J^:!<GFHL!M1<iJ QYBKM�NeQKF#Q-F>M�EfF>EtYiM1<>M�VXM�<fJ^DS<>UWM�NyFHDnDSV�FH=@UC=@E>M
FHL!M�?�:!U-lXM�<sDSJd=]EfDSFH<fD�V�a QS?!N2<HQKN!= QSRkl!=]?�E�:�E>M�N�=]?yF>L!M �!FsFHDnFHL!M�NeQ F#Q�c� ?!B1M F>L!M F = @ � � P ~ R @ � � QS?�N � �A@ B�D�?�F><>=]l�:�FH=@D�?!ETLeQSN\lkM1M�?OB7QSR@B�:!R]QKFHM1NOJ^<fD�U�F>L!M&UrQ u�w
=]U-:!U R]= BKM�R@=]L!DhD�N ��FgFHDWFHL!MONeQKFHQ�P�FHL!MOB�D�?�B�M�?�F><HQKF>=]D�?!EZDSJ/M�QSB#L�=]EfDSFHDSVkMOB�D�:�R]NIlXMON!M1F>M�<>UW=]?�M�N5c
~ L!=]Es=]E�N�=]E>B1:!E>EfM�N�=]? FHL!M�J^D�R@R]D�Ys=]?�A-E>M1B1FH=@D�?5c

� �����! " "$# �*) #�"�� 
��� � � �$#�� � �� � �Q � �D"�� 
��� �'
~ L!M)B�D�?!B1M�?�FH<>QKFH=@D�? DSJ ��%�� ~ L�QS?!N ��%��'& =]?,F>L!M @ � � QS?�N � �A@ E�YiQSE�B7QKR]B�:�R QKF>M�N :!E>=@?!A�=]?�J^DS<Gw
UrQKF>=]D�?�J^<fD�U FHL�MCR@= BSM1R]=@L!D�DhN �!FjQS?!N FHL!M G � c ~ L!MCA�M�?!M1<HQKF>=]D�? <HQ FHMWDSJWG � M1_�M1?�FHEjJ^D�<�M�QSB#L
leQSBKB�A�<>DS:!?!N B�R]QSE>E�YtQSE B�?!D�Ys? QS?!N�F>L!M-B1D�<><fM�E>VXD�?!N�=]?!A B1D�?!B�M1?�FH<HQ FH=]DS? � =]?IA � A��sB�D�:!R@N�lXM-D�l�w
F#QS=@?!M�NjQSE>Ef:!UC=@?!AgEfM�B1:!R QS<dM ��:!=@R]=]l�<>=]:�U�c ~ L�Mt<HQSN�=]D�QSB3FH=`_�M N!M�B�Q�a\R Q7Y�UCQ7a�lkM Ys<>=`F>FHM1?nQSE J^D�R]R@D�YsE�P

�ZQ FHM 	)(+*��,�-*�� 	.(0/1�2/ 	 � �K�

YsL!M�<fM ��=@EtFHL!M�?�:!U-lXM�<sDSJxQKFHDSUCE�DSJdM7QKB#LI=]EfDSFHDSVkM

� 	.(�/��2/ �
�ZDSF>=]?!A-F>LeQKF (0/ 	  �43 
5�67 �
.[.��&3D@�? @QN>A @98;:�< F L*@�N�? 5[A9HYFGJ>L*391�@QN�? A9:<5�V�EGFG:K\9?PL�L�?<E A9=>H �*A9L @[A��6?<=K@�3U\�?>= � �O:07�X



����� ���G
������������ ��� ��� ��� ��� � � ���������	� � � 


� QYBSM � QYBKM � QYBKM �/<>DKFHDSFbahVXM �/<>DSF>DSFbahVkM �&<fDSFHDKFba�VXMF = @ � � ~ R @ � � � �A@ F = @ � � ~ R @ � � � �A@
���� � � ������ ���`� ��� ���@� �
� ��� � � ������� � ��� �
� � � ��� ��� 
�� � ��� �	� 
��

�� 
� � � 
������ �� 
 � ��� ��� 
��� ���

�� � 
 �� 
 � ��� � � ��� � � 
 � � � � �
� 
� � 
 �� � 
 � � � 
 � 
 � � � 
 ������ 
�� � ��� 
 � � � �� ��� ��� ��� � � �	� ���

� � � � � �� � ��� � 
 � � 
	� 
 � � 
�� 
 �
� QYBSM � QYBKM � QYBKM � �G� ~ � �G� ~ � �G� ~F = @ � � ~ R @ � � � �A@ F = @ � � ~ R @ � � � �A@
���� � � �������� � ��� �
� ��� � ��� � ��� � � � 
�� �
� � � ��� ��� ��� � ��� � �����

�� 
� � � 
�
��� ��
 
 � ��� ��
 ����� ��


�� � 
 �� 
������ � � ��� � � 
 � �	� � �
� 
� � 
 �� � 
 � ��� � � 

 � � � ������ 
�� � ��� 
 � ��� � � 
��
�� � � � � � � 
 �

� � � � � �� ��� ��� 
 � � �
� 
 � � ��� 
 �

~ QSl�R]M �!c�� � ��M1E>:!R`FHEZJ^<fD�U V!<>M1R]=@UC=@?eQS<faCJ QYBSMjNeQKF#QWFHM�EGFHE;DKJ�FHL!MOFbYiD�
 @ R]=CBSM�R@=]L!DhDhN ��F>FH=@?!Ar<fD�:�w
FH=]?�M�E�c8�/<fDSFHDSFbahVXM�=]E-FHL�M B�DhN!M Ys<>=@FfFHM1?ol�a�F>L!M�QS:�F>L!D�<WQS?!N � �G� ~ =@E-FHL!M ~ � <HQKB1FH=@D�? � =`F>F>M�<
B�DhN!MSc

E>:!l!EGFH=`FH:�F>MO=@?

� 	
 �,3 
5 67 � �-/

�-/ 	 � 5 67
�,3 
 �

~ L!M�UrQSEfEs=]?�A�<HQKUCUWM�EtDKJx:!<>QS?!=@:!U B�QS?�lXM�B7QSR@B�:!R]QKFHM1N�:!E>=@?!A!P

GIQSE>Es=@?2A 	 
 � ��� �2/��
YsL!M�<fM-���=]E ��_�D�A�QKN!<>D�� E�?h:�U-lkM1<�c � D�<tF>L!M � �W� F = @ � � G � FHL!=@E�UrQKE>E�YtQKEsJ^DS:!?!N�FHD)lkM

G�QSE>E�=]?�A)DSJ ��%�� & 	 ��� 
���� � ����� � �



����� ���G
������������ ��� ��� ��� ��� � � ���������	� � � �
F QSBKB�A�<>D�:�?!N � M1?!M�<>QKFHM1N�<>QKFHM � M1?!M�<>QKFHM1N�B1D�?!B1M�?�FH<>QKFH=@D�?F = @ � � �!c���� �K� � � 
�� � � � � � %ZA & � A @ � �~ R @ � � ��c`� � �K� ���@� � � � � � � %sA ~ L � A @ � �F = � �A@ 
�c���� �K� � � ��
 � � � � � � A & � A ��=
~ R � �A@ ��c`� � �K� � �@� � � ��� � � ��A ~ L � A ��=

~ QSl�R]M ��c ��� � M�?!M1<HQKF>M�N)<HQKF>M�E/QK?!NnB�D�?�B�M�?�F><HQKF>=]D�?!EdJ^D�<�M7QKB#LnleQSBKB�A�<>DS:!?!N G � =]?jF>L!M @ � � <>M1A�=]D�?
DSJdF>L!M�N!M1F>M�B3FHD�<1c �
UCQSE>E�DKJi������-FHD�?!?�M�E�DSJ @ � � QS?!N � � �XB�AWDSJ �Z=5Y[M�<>MO:!EfM�N5c

~ L!M�B�D�?!B1M�?�FH<>QKFH=@D�?2DSJ���%�� & YiQSE�FHL!M1<>M3J^D�<>MKP

A & � A @ � � 	
GIQSEfE�DKJx:!<>QS?!=@:!U
GIQSEfEsDSJ @ � �

A & � A @ � � 	
��� 
���� � ��� � �
��� � � �����

A & � A @ � � 	)��� 
�� � ��� � � % �
~ L�M F = � �A@ l!:!R B2B7QKR]B�:�R QKF>=]D�?2V!<>DhB�M1M�N!E�=@?�M3u�QSB3FHR`a�F>L!M-EHQKUCM-UCQS?!?�M�<�PXYs=@F>LIFHL!MjA�M�?�w

M�<HQ FH=]DS?p<HQ FHMy<fM�V!R]QSB�M1N�l�a 
 �K�yQS?!N FHL�MyUrQKE>E-DSJ @ � � <fM�V!R]QSB�M1N�l�apFHL�MyUrQKE>E-DSJ ��=i=@?pFHL!M
� �A@ QS<f<HQ7a�c ~ L�M;B7QSR@B�:!R]QKFH=@D�?WDSJ ��%�� ~ L B�DS?!B�M1?�F><HQKF>=]D�?�EiYtQKEiE>R@=]A�L�F>R@a)B�DSUCV!R@=]B�QKFHM1NCl�aWFHL!M � � �
l!<HQS?�B#L!=]?!A\J^<HQSB3FH=]DS?CFHD ����� ~ RkJ^<>DSU ��%�� ~ L{c ~ L!=]Etl�<HQS?!B#L�=]?!AjJ^<>QSB1F>=]D�?C=]UWV!R]=@M�N)FHLeQ F�QjUCQ u�=]U-:�U
DSJ5D�?�R@a � � ��DSJ{F>L!MsFH<>:�MZ?�:!U-lXM�< DSJ ��%�� ~ LyM1_SM�?�FHEtB1D�:!R@NClXMsD�l!E>M1<f_SM�N =]?)FHL�MgQS?!QSR@ahE>=@E/Ys=]?!N!D�Y�c
~ L!M�=]?!=`FH= QKRkEGF#QSA�M�DSJqFHL�M�F>L!D�<f=]:!U B7QSR@B�:!R]QKFH=@D�?rYiQSE�F>L!M�<fM1J^D�<fMSP

��QKFHM 	.(���� ������	 � ��� � (���� �	��� 	 ���`� � �K� �
~ L!M\B�QSR]B1:!R Q FH=]DS?�YiQSE�FHL!M1?�QS?eQKR]D�A�DS:!EtFHDWFHL!M F = B7QSEfM\Ys=`FHL�FHL!M\QSV!V!<fD�V!<f= QKF>MOASM�?!M1<HQKF>=]D�?2<HQKF>MSP
LeQSR@JsR@=@J^MrQS?!NmUrQKE>EnE>:�l!EfF>=@FH:�FH=]DS?!EnUrQKN!MSc � E>:!UWUCQS<fa�DSJ�A�M�?�M�<HQ FH=]DS?o<>QKFHM1E)QS?!NmB�DS?!B�M1?�F><HQ w
FH=]DS?!EZ=@EgA�=`_�M1?�=]? ~ QSl!R@M ��c � QK?!NIFHL�M�E>MnUCQ7a2lkM\:!E>M1N�FHDyB�QSR]B1:!R QKF>MOF>L!MjB1D�?!B1M�?�FH<>QKFH=@D�?,DSJ/M�QSB#L
leQSBKB�A�<>DS:!?!N2=]? FHL!M�NeQ F#Q�Pe:!Ef=]?!AnF>L!M�J^D�R]R@DzYs=@?!A-<fM�R Q FH=]DS?!E>L!=@V �

A � A 	 �Z:�U-lkM1<�DSJdNeQKF#QnM3_�M�?�F>E
��:!U-lXM�<sDSJ�G � M3_�M1?�F>E � � M1?!M�<>QKFHM1N�B1D�?!B1M�?�FH<>QKFH=@D�? � 
 �!c 
��

~ L!Mj?�:!U-lXM�<�DSJ/M�QSB#L�M3_�M�?�F;FbahVXM\J^D�:�?!NI=@?2F>L!MjNeQ F#QC:�E>=]?�AWF>L!MjUCQ u�=]U-:�U R]=CBSM�R@=]L!DhDhN �!FHEZQS<>M
A�=@_SM�?2QSR]DS?!AnYs=@FHL F>L!M�B�D�<f<>M�EfVkDS?!N!=]?�AWB1D�?!B1M�?�FH<>QKFH=@D�?�=@? ~ QSl�R]M �!c ��c

� ��������� � % ' ��� � "�� 
 � � � ����D'
~ L!M\EGahEfFHM1UrQ FH=]B�M1<><>DS<>EsJ^D�<�M7QSB#LIleQSBKB�A�<>DS:!?!N�QK<>M�E>:!UWUCQS<>=@E>M�N�=@? ~ QSl!R@M�E �!c � QS?�N �!c � c - QSB#L
EfahEfF>M�UCQKFH=@B2M1<><fD�<nYtQSE)B�QSR]B1:!R QKF>M�Nm:!Ef=]?!A FHL!M�E>QSUCM�A�M1?!M�<>QSR�UWM1FHL�D�N5c � D�<)Q A�=@_SM�?m_KQS<>=]QSl!R]MKP
FHL!M G � YiQSErEfL!=@J F>M�N l�a Q�EfVkM1B�=��!M�N QSUWD�:!?�FCQS?!N FHL!M2B�D�?�B�M�?�F><HQKF>=]D�?!EC<>MvwbB7QKR]B�:�R QKF>M�N5c ~ L�M



����� ���G
������������ ��� ��� ��� ��� � � ���������	� � � �

F = @ � � ~ R @ � � F = � �A@ ~ R � �A@
@ Q F#Q � �� � � �!c��!� � �!c � �
G � � � ��� � � � � � � � � � � ����� �
A � A � � � � � ��� � ��� ����� � � ��� � ��� 
 �`��� � ��� � � � ��� � � � � � � � �

~ QSl�R]M �!c � � �Z:�U-lkM1<iDSJ{M1_SM�?�FHE�D�l�F#QS=@?!M�NWJ^<>D�U F>L!MgUCQ u�=]U-:�U R]=CBSM�R@=]L!DhDhN �!F[F>D\F>L!MgNeQ F#Q�c���DSFHM
FHLeQKF�F>L!Mn?�:!U-lXM�<�DSJ ~ R�� �A@ QS?�N F =�� �A@ M1_SM�?�FHEOYiM1<>M)D�l�FHQS=]?!M1N,:!E>=@?!A FHL!Mn<>QKFH=@D A�=@_SM�? =]?
� � ��� c ~ L!MW?h:�U-lkM1<\DKJtM1_SM�?�FHE\VeQSEfE>=]?�A�M�QSB#L B�:�F\=@? F>L!M)B�D�<f<>M1E>VXD�?!N!=@?!AHG � QS<>M)A�=`_�M�?{PxQSR@D�?!A
Ys=@FHLOFHL!Mi<>M�Ef:!R@F>=]?!AZB�D�?�B�M�?�F><HQKF>=]D�?!E1c ~ L!Mt?�D�<>UCQSR]=@EHQKF>=]D�?�L!QSE�?!DSFdlXM�M�?)QKV!V!R]=@M�NOFHDgF>L!M�EfMi_KQSR]:!M1E�c

~ L @ � � & @ � �- ?!M1<>ASa��sM�EfD�R]:�FH=]DS? J
��c������yP�wH� � c�� � �

J
��c������yP�w ��c � � �

��D�<>UCQSR]=@EHQKF>=]D�?
J
� �!c ����yP�wH� �!c ����

J
� �!c ����yP�wH� �!c ����

� �
� J

��c 
 � �yP�w���c@� � � J
��c � � �yP�w���c � � �

� �
� FHM1UCVXD�<HQKR J

����c � ���yP�wH��
�c � ��� J
��c`�����yP�wH��c � ���

� �
� <HQSN�= QSR J ��
�c � ���yP�wH����c � ��� J ��c 
 ���yP�w ��c � � �

� �A@ � �
� VkN�J J � �!c � � �yP�w �!c ���� J ��c�� � �yP�w 
�c � � �

��QSN!=@:!E J ��c�� � �yP�w 
�c � � � J ��c`� � �yP�w 
�c������
��DSFHEfVkDSF�_SD�R]:�UCM J

��c������yP�w ��c ���� J
� c������yP�w � c������

DhFHQKFH=@EfF>=]B7QKR J ����c 
 � �yP�wH����c 
 � � J
�!c � ���yP�w �!c � ���

~ DSF#QKR J ����c`� � �yP�w�����c�� � � J ����c � ���yP�wH� � c������
~ QSl�R]M �!c � �OD�:!UWUCQS<faCDSJdEfahEfF>M�UCQKFH=@B�M�<><fD�<>EtJ^DS<tFHL!MR47698;:<47=?>�QK?eQSR@ahEf=]E�DSJ ~ L�QS?!N & @ � � leQKBKB�w
A�<>D�:�?!N!E�c

N!= �kM�<fM�?!B1MjlXM1FbY[M�M�?�F>L!MOB�D�?!B1M�?�FH<>QKFH=@D�?!EZN!M�<f=@_�M1N�:!Ef=]?!A)FHL!M\E>L!=`J FHM1N�_KQS<>=]QSl!R@M�E�QS?!N2FHL!MOB�M1?�F><HQSR
_SQKR]:!M1EOYiQSEjFHQYBSM1?pFHD�lkMrQ�UWM7QSEf:!<>MCDSJtFHL�MrEfahEGFHM�UCQKF>=]BrM1<><fD�<OJ^DS<OF>L!MrEfL!=@J F>M�Np_KQS<f= QSl!R@MSc ~ L�M
D�<>=@A�=]?yDKJdF>L!M�E>L!=`J FHE�QSV!V!R@=]M1NyFHD)M7QSB#L2_KQS<>=]QSl!R]M;QS<>M�?!D�Y V�<>M�EfM�?�FHM1NI=@?�F>:!<>?{c

���& ���-� �>����
	 
]�����
�
~ L!M�����1M����#Q������ba����rM��!M����Sa��>M�����R� �!���"�CYiQ��#�HQYBSM��%$&����U � � � � c � ��MgL���!N��fM�N'�HQ(�!N���U)��!U-lXM��*�
YiM��>M#�SM��!M��HQ(�>M�N+��*�����gQ � Q���*���]Q��,$&�� ���!���"��Y-���HLjQZUWM7Q��.��$/���!MiQ(�!N\Y-�@N �HL.�HLeQ(�0�������>M��>V
�"�!N!M1N
�!���>L!MjM��!M��*�Sa1�>M��*��R�2�!�����3����1M����#Q������baSc ~ L�M��>M � ������!U-lXM��*�ZY[M��fM+��>M1N4�!�%�fUCM�Q��-�HL!M\M��!M����Sa
���7QKR]M5���4�>L!M G � Q��!N6�HL�MCQ7_SM��HQ(��M5��$7�HL!M ����8�!���]QSR���YtQ(�. �>M�N9�!�:��QSR���!R Q;�HM<�>L!M5����1M��*�HQ����=�ba
N�!M��!�5�HL�MOM��!M��*�Sa'�>M�����R� �!���"�5c

�1� �;>@?/	�����?������
�
~ L!M 47698;:<47=?>IUWM��>L���N2UCQ�a�lXM.��>M1N3�!�CN!M��>M��>UA����MB�>L!M<���!�fM������>L3��$�N������!���@l� �>M�NC���"��*��M������'�HL!M
N!M��>M������"��c QD$E�>L!M��*���>M������HL:�($F�HL!M;N ���*�����@l� �HM1N%��������1M���� YiM1R]R B�����Y-�5P2�HL!MX47698;:<47=?>:�>M���!RG�H��Q�� lkM
����UWVeQ��fM�N Q���N8�HL!MI���"�fUrQSR����>Q(�!���"�+$ Q������"�#����UWV� �HM1N5c ~ L!M�� �"�>UCQSR����HQ(�����"�+$ Q(���!���J����P2�>L!M��fM�$&�"�fMSP



����� ���G
������������ ��� ��� ��� ��� � � ���������	� � � �

~ L � �A@ & � �A@- �!M��*�Sa��sM��*��R� �����"� J
��c������yP�w � ��c�� � � J

��c������yP�w � 
�c�� ���
�I���>UCQSR����HQ(�����"�

J
� �!c ����yP�wH� �!c ����

J
� �!c ����yP�wH� �!c ����

� �
� �>L��G$ � J


 � c 
����yP�wH��
�c � 
�� J

 � c 
����yP�wH��
�c � 
��

� �
� �HM�UWV
�"�HQSR J

� � c�� ���yP�w 
 ��c�� � � J
� � c�� ���yP�w 
 ��c�� � �

� �
� �HQSN��]QSR J

����c������yP�w 
�
�c �����
J
����c������yP�w 
�
�c �����

� �A@ � �
� VkN $ J

�!c`� � �yP�w ��c � ���
J

��c@� � � P�w ��c � ���
��QSN��� �

J
��c`� ���yP�wH��c`� � � J

�Sc � � � P�wH��c 
 � �
�I�(�!�>V
����_���R�!UWM J � c������yP�w � c������ J � c ����� P�w � c������
� �A@ F !RCB � ��UWV �����������"� J

��
�c � � �yP�wH��
�c � � �
J
� ��c � � � wH����c�� � �

D �HQ(�!���*�!���7QSR J
� � c������yP�wH� � c������

J
� � c������yP�wH� � c������

~ ���#QSR
J

� ��c�� � �yP�w � ��c � � �
J

� �!c`� � �yP�w � ��c � � �
~ QSl�R]M �!c � �ED2!UWUrQ(�fa%�($ �fa ���HM�UCQ(������M��*���"�*�-$&���-�>L!MR47698;:<47=M>IQ��eQSR`a ����� �($ ~ L�Q��!N & l !R B � �A@
leQ��KB��"������!N��1c

D�V��CBSM D ���>M������HL - ���!�@UrQ(�>M�N'�*���>M������HL � �"�>UCQSR����HQ;�!�����
�gQ 
���� �� � F � � � � F � ��c � 

� � 
�� � 
��
 F � 

� F � ��c � �
�gQ 
��� � � ���� F � ����
� F � ��c � �

� M�����L=�HM�N G�M�Q�� ��c � �

~ QSl�R]M ��c � � D2�UCUCQ��faC��$ �fM��*!R���� $&����U �>L!M 47698;:<47=?> Q��eQSR`a2�*���I��$ �HL!M,�HL��fM�MnN����*�!�*�]l�2�HM�N3���"��*��M��
N!M�V!R���a�M�N1���%�>L!M @ � � �>M��"����� N���������5�HL!M � �A@ V!LeQ(�>MSc

QZUWM7Q��*��>M1UCM���� ��$��>L!MiM��!M��*�Sa<�*�7QSR@MJ ����M��*�#Q(���=�ba�c ~ �;N!M �HM��>UA���!M �HL!MJ���"�fUrQSR����>Q(�!���"��$ Q������"��P;�HL!M
�*�!�fM����(�HL��H�($F�HL!M �HL��fM�M @ � � �fV�� BKM�� 
 � � �gQ 
�� ��P � � �gQ 
�� � Q���N ����� � ��
 ��� ����YiM��>M���QSR���!R Q;�HM�N
Q��!N'����UWVeQ��fM�N Y-���>L%�HL!M B�����Y-�C�*�!�fM����(�HL��-��$dM7Q��#LC��������1M � � 
Y� c ~ L!MB�>M���!RG�!�sQ��fM���!UWUCQ������>M�N
��� ~ QKl!R]M �!c � c F ���>L �>L!M @ � � Q(�!N � �A@ l��R B3�1M��=�!�>QSR/_KQSR�!M��B�"�@_SM�� ��� ~ QKl!R]M �!c �%�>L���!R]N lkM
U+!R����]V!R��]M1NCl�a8�>L!M�Q7_�M��HQ��SM.� �"�>UCQSR����HQ(�����"�5$ Q�� �!�"�J�!�nV��*�z_ �@N!M �HL�M��!���M���M������HQSR5_KQSR�!M��J$&�"�iM�Q��#L
��R Q(��� ��$xleQ��KB��"������!N5c

QD�WYiQ��8���(�rV
�"���*�]l!R@M:�!�pVXM���$&�"�>U �HL!M�47698;:<47=M> Q��eQSR`a2�*��� ��*�����pQ�R���Y[M��WM��!M����SamY-���!N���Y
lkM��7Q���fM-��$ ���"�=�#QSUA���!Q(�!���"�<$&���SU �HL�M�L ���!�fV ������c �H�OB�����M��!����M��!M����"�@M��/lXM�R��zY ��c � G2M ���� M��fM��PB(�z_
�#Q��@R��,$&�*��U �>L!M L������>V
���!�)N���UA���!Q(�HM1N5P&UrQYB������6���nMvu �!�>M1UCM1R@apN�� �A���R��5�!� VXM���$&�"�>U Q�� 47698;:<47=M>
Q��eQSR`a2�*���1c

� �
� ��� � �Q�

� ��N������� ���>M1N3��� DhM��������"� ��c@��c��!PeQ(�C� � �fM���lkM �bYiM1M���NeQ(�#QnQ(�!N G � YiQ��-��l��fM��f_SM�NC$&�"� � �
� c ~ L����

YtQ�� $&����!N+�!��lXM�Q��&Q��fM��*!R�� �($/�HL!M � �A@ �fM �eM������@_ ���bajlkM������� �!N!M��fM����!�]UCQ(�>M�N ���RD � � G � �Oc ~ �
Q������"��=�J$&���7�>L����&N�� �{M��>M�� ��MSP��HL�MZG � N!Q(�#Q�YtQ(�#�>L ��$ �HM1NyQSV�V�����V ��� Q;�HM�R`anQ�� N!M������*�]lXM�N���� D�M�� �!�����



����� ���G
������������ ��� ��� ��� ��� � � ���������	� � � �

�!c@�Sc �!c ~ L!MC����1M��*�HQ����=�ba ��� �>L���� �������>M��������"� $ Q������"�nYtQ(�8��fM�N ����N�M��HM��>UA���!M:�>L!M1�Ga �*�HM1UrQ;�!���
�����M��*�HQ����=�ba ��� � �

� c �I�.�����������/��Q��=�&N�� �kM��fM����1M-���5�HL!MsY-�]N2�HL�� ��$
�HL!M � �
� N������!���@l� �����"���xlkM �bYiM1M��

NeQ(�#Q�Q��!N2G � YtQ��,��l��fM��f_SM�NoQ��!N ���OYtQ(��P �>L!M��fM�$&�"�fMSP �fM7Q��*�"�!M�N �HLeQ(�,�HL!M�����1M��*�HQ����=�ba ��� �HL!M
���"�*�>M�� �!���"�8$ Q�� �!�"�[QSV!V!R��]M1N��!�,�HL!MZG � Y#�"�R]NyN��SU����eQ(�HM-�HL�M �fa ���HM�UCQ(�����;M��������tQ��*��� ��� Q;�HM�NCY-���HL
�HL!M � �

� �fL���$ ��c ~ L�MH���"�*�>M����!���"�<$ Q�� �!�"�qYtQ(�/N!M��>M��>UA����M�N<���;lkM���� � ���� ��� � ��������� ��;Q��!N<����Q��*�>M��*�
�HL!M,�fa �*�>M�UCQ(�!���-M��*���"�gQ����*�2��� Q(�>M�NIY-�G�HL � �

� P �>L��G$ �!�I��$�w ��c������ ��� Q(�!NIw ��c���� � ���)Y[M��fM)QSV!V!R��]M1N1�!�
�HL!M�NeQ;�#Q�c ~ L�MON � �kM��>M�����M����8�HL�M�M3u �!�>Q����>M�N'���"� ��M��=���HQ(�����"��� ��� M7Q��#L'��Q��>MKP/����UWVeQ��fM�NyY-���>L%�HL!M
w ��c������ ���+�>L��G$ �7P�YiQ�� �#QYBKM��C�!�)lkM��>L!MB�fa �*�>M�UCQ(�!����M����*�"��c

� �
� �Y >�� � ��?/	

- Q(�#L@��������1MCV
�"���G�!���"�6��� � ������>M �!c � LeQSN V �"���=�!��$&����U Q'��!UjlkM��,��$#���" ����MA�� ���\VXM���$&�"�>UWM�N
N�����������HL�M � �A@ V!LeQ��fMSc � _�M�� �HL!M � �A@ V!L!Q��>MKP�_KQ��*� Q(�����"�,���+�>L!M�_SQKR�!MH�($
�>L!M � Q�����*� Q��)UWM7Q��
N������!���@l� �����"�,Q;��M7Q��#L ��������1MWV
�"�*���!���"�IYiQ���$&�"��!N6���2lXM ��� � � ��� � % c - Q(�#L�M3_�M��=�,���4�>L!M G �
YtQ��<�>L��G$ �HM�Npl�a �HL ���\_KQSR�!MCQ��!N@�>L!M%��������M������HQ(�����"� �<�>Mvw ��QSR���!R Q(�>M�N5c ~ L!MyN � �kM��>M�����MrlkM �bYiM1M��
�HL���� ���"���1M��=�!�>Q(�!���"�CQ��!N �HL!M-��M��=�!�HQKR�_KQSR�!M��/YiQ�� �#QYBKM��A�!��lkM �>L!MI ����M��*�#Q(���=�banN�!M-�!���>M�UWV �"�>QSR
_SQ(��� Q;�!�����%��� � �

� c

� �
� ��? % ��?�	

� ���" �>M �!c � �fL���Y-�<�HLeQ;�jQ;�jL�����L!M��.�>QSN���� PF�HL!M � Q�����*� Q�� UWM7Q�� � �
� N�� �{M��>M�N $&����U �>LeQ(�\Q(�.�HL!M

��M��=���>M<�($ �HL!MON!M �HM�� �!�"�Zl�a � ������� ��c ~ L����sYtQ(�gV��*��VeQ���Q;�HM�N�l�a'�>L��G$ �!��� �A�>L!MXG � Q��!N1�>L!M.���"��w
��M��=���HQ(�����"���[YiM��>MB�>MvwbN!M����@_SM�N5c ~ L!M��Ga �*�HM1UrQ;�!����M����*�"�iYiQ��H�#QYBKM��'�!�nlXM �HL�M�N�� �kM��fM����1M�lkM �bYiM1M��
�HL����sQ��!N'�HL!MB��M��=�!�HQKRF���"���1M��=�!�>Q(�!���"��� $&�"��M�Q��#LIleQ(�KB �����"���N5c
���	� � �

� � % �
~ L!M � �A@ � �

� VXN $ ��fM�N9���C�HL!M 
 @ ��� ���8�HL!MjNeQ(�#QWYtQ���Q�����U-l ���eQ(�����"�C��$ � �
� $&�"� ����� ~ R�Q���N

���
� F �I��� �>L!M � �A@ l�!RCBXc � ���>UCQSR]RsN�� �{M��>M�����M��yM3u2�����HM1N lkM �bYiM1M�� �HL�M ~ RZQ��!N F ��l�!RCB � �

�
N������!���@l� �����"���1P!Q �fa �*�>M�UCQ(�!����M����*�"��YtQ(�ZQ(�������"�!M1NC�������z_SM��-�HL�����c ~ �rQ��*�����"�1�*��#L�Q(��M���������P��bYJ�
���!�/Y[M��>MZUrQKN!M ���"�!M-��*�����B�"��R@a+�>L!M ~ R � �A@ l��R BjVXN $5Q��!N �HL!M ���HL�M�� ��������B�"�!R`a+�HL!M F � � �A@
l�!R BnVXN $�c ~ L�M ��������M������HQ(�����"� �[Y[M��>M �>M3w M3u �!�>Q����>M�N8$&���[M�Q��#L%�7Q(�>MSc ~ L�M ����1M����#Q������baCQ��*��� ���]Q(�HM1N
Y-���HL1�HL!M-VXN $&YiQ�� �#Q BSM��6��� lkM.�HL!MnN�� �{M��>M�����M-lXM��bY[M�M�� �>L����gQ��!N4�>L!M+��M��=�!�HQKR ���"� ��M��=���HQ(�����"���
$&�"��M7Q��#L2leQ��KB��"�*�"��!N{c
|%? % � 
&�
~ L!M�����1M��*�HQ����=�ba8���%�HL�M��>M����"�����!�*����>M�N A P��yQ���N C)V
�"�*���!���"���J��$ M7Q��#L�M3_�M��=� 
&�HQYBSM��'$&�*��U � � ��� �
YiM��>M8 �>M�N ���3��QSR���!R Q(�>M5�HL!M������M��*�HQ����=�ba �"� :(<>=@? $&�"�OM7Q(�#L M1_SM��=�7c ~ L!M8�� ��M����#Q����=�ba@�"� �HL!M



����� ���G
������������ ��� ��� ��� ��� � � ���������	� � ���

�HQSN��]QSR{V
�"�*���!���"�5P :(<>=F? P/�($xM�Q��#L�M3_�M����ZYtQ(� ��QSR���!R Q;�HM�N'��*�����5�>L!M�$&��R]R��zY-�����-Mvu�V �>M��*�����"� �

� �� 	
A ��� �< J � ��� �= J C ��� �?

� � �

~���� �
	�� �	��
� � �G$ ����	���	�������� � �%�"��	�� ����� �=����� ����� �=����	��*���H�!��� � � � ���A��� � � ���  ��� � �*��	(���=��� �� �
�!�5� ��� �
�"���G�!���"�:���� � �*�
	����=����!

"��#� � � ��	���	 ���$	%�&�'	�� �(�$	%�)�A���:� �#�+* ��� � �-� � ���"�����!�� ���!���"�,	(��- ��5�.��/���2�I���!�� � � � � 	 ���
� � �0�-�:� � 	;�#� �#�1� � � � �-�"�8� �#� 47698;:<47=M>2	(��	��)� �*���3�J�"��)� � � �������&�4	��65 � �%78	����9�J�"��)�9� � ���4	��&� � �
� � 	��4� ��� �
	%���	�� ���� � ����	���������! �I��� ��� ��	����	%�0�� � � ����	����=���:���(�A����	(� � �;/ � ����� � � � �+�� � �!�%� � ���
	����(�4	��)��� � �"��&�2� � ��� �(� � � �,���:� ��� �
	%���	�� ���� � �*�
	����=����!

<1��=?> � ��=A@
� 	CB >ED

� �H� �#�F� ���!��� �(�!��� � � � � � �A� �(� �:$&�*�(� � ��� 	���	%�)� ��������� �HG ������������A	 � ������ � 	��*�"���� � 	(� � ��� � /
	'�I� �*� � �$	;�!��� � �*���"�+	(����� ���&	(� � �J�-�G� � � ��� �� � � ����	����=���9���6� � ��� � �(���� ��� 	�� ���,� � �K	�������&	(� � �;!
" �4	���� � �*� � � ���-���� � �*�
	����=���(/ � �#�L�MG ������ � � � �(���� � 	��������� � 	�� �:� �(�!���
������	�� � 	��*� � �,	����C� ���
@ � � 	���� �ON @ ����CB'���"��� � �=�!��	(�!���"���I� �HP �K	�������&	(� � �;! � ���"�� � -�!RQ�
A� � �0�-� � � 	(�1	;$ � � �S	8� � �*�
	����
�HG �.��������"� � ������ � /;� ���T* ��� � �5������� � �����
	(�����"� � �*�
	����&����� � �;/U� � �A�"�����!��	(�!�����I� � 	(� � ����� ���!��� ���V��	(�
�HG �.���� � �1$&���(� � ��� ��	(��	#! & �*�����A� ��� ���� � �*�
	����=���C���'� �#� � � �������*������ � � � A /��2	��#� C$�
�"���G�!���"���
��$ � 	�� �W���(� �=�	
 ��	YB � � $&���(�X5 � �U7ZYM/"� ��� ���� � ����	�������� ��� � �����HG ������*���"� � �(���� � �[��	��\� � � � ���A��� � �;!

] �
>�� �^> �Z=��&�
�
"���� � � ��� � �=��	�� � ��$ ��%�� & 	���� ��%�� "�� ���+� �#� �ON @ � �� B_��	�� �K	%����#�	(� � �5��*������� �#� ��	(�!�����"� ��� � ���
5 � �?7V	����2��	��-$&�"��#�1�!�A� �_` ��� "�� 	(���aQ�Q�� & ! "���� ���� � ����	��������'���C� � ��� ��	(�!�����#�"#�&�C� � �*����
����	��'���� � �*�
	����=���'��� �1N @ � �� B%���(�W� �"�*�������"� 	(���:� � ��� ��� �"� ��� �'��� " 	���� � -�! � !

� ������� � b  
 � ��� � 
�� % ���2c�"ed � ) #�
���" � 
�f����)  � '
� ��� �*���"� � * �.	��=�8����� P �� ��$&�"�����G��� ��� � ��� �ON @ ��	��KB��"�*�"������:���"��)� � 	 �(� 	Ug � ��� � � � ��� @ � �
���"��� � �=�!��	(�!���"����� � �*� ��� �4��*����� � �#� ��� B � ��� � �2�h� � � � � �i��� � �*���*�&� � �4��� D � �������"��-�!RQ(! ` ! �N � � � �PB(� �
���(� �=�!�F	��*���*�����5$&�����X��� �K	������ � � �1N @ 	������ � �����9�J�"��)� � 	 ���_�HG � � ��� � �4$&��*� ��� �-�������A� ���+* ������	��
� �(���� � 	(��� �#�"#�&� � 	 �(� ���	�� � �:� �#� ��	����&	�� * ��� � 	��������+�!�W	��'� �(� � � ���!�)�$	(� � ��$ �ON @ 	�� �!� � �G���(!

" ��	���� � �*�.� ��� ����G$&�"���A�����C��$ � �#� �1N @ ���� Bj	������ � ������/ ��2�!�F� � � � 	����#��� � �3�!� �MG ������ � 	
���h�������������K	�� * ������&	�� � �(���� � 	��*�"���� � 	�� � �ON @ ! "��#�9"�� 	���� &�@ � � ���"��� � �=�!�
	;�!�������L� � � �
�K	�������&	(� � �:	����1���(�W��	�� � �j�-�G� � � ��� �K	�� � �-��� � ���%��	����&	�� �HG �.��������"����! "�� ���S��	�� � � � � 	(� � �4$&�"�
� ����� ��	��[���Rg � � � �=� ���&k � � � ��� � �O	����3� ��� � � ��#���!�1	�� � � � �0�-�9��� � ���" � � -�!)Q �#! "����l* �O��	�� $&�"��#�
�!��� � �*��	%��� � /�	���	<$&���� �!���"�:��$ �HG �.���� � �1��	����� �./��*��"� � �*�!�����+� � 	(� � ��� 	(����#�4� �����"�:�($0 ����$&�"���
�1N @ ���� B8�
	�������	�� �!� � �G���4��	�� � 	����)�;!
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	 ���ON @ 	 ��� - � � �� � �
� �� � � � Q�� � � �

� & 	 ���ON @ 	 Q�� ` Q � �� ���
� �� � � � Q�� � � � �

"���� @ � � ���"��� � �=�!��	(�!���"���6	��"� �.� �F�-�G� � � ���[� 	��� � �F��� ��	���� � ��$&�*�(� � ��� SUTV8;:<47=M> 	��*�
	K� �V� � ��$&�"��� � �
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"�� @ � � / & @ � � 	��#���ON @ 	�� �!� � �G��� 	�� � �����-�*�
	(�!���*�����K	%�&�)�A����� � � � �#� � �=�K!



������� � � � � � � ����� � � � �

Excluded Radius (cm)
0 5 10 15 20 25 30 35 40 45

C
on

ce
nt

ra
tio

n 
(g

/g
D

2O
)

0

1

2

3

4

5

6

7

8

9

-15
10×

Bi D2O

Tl D2O

� ���" � � -�!RQ ��� - G �.��#� � �1�
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	&��
 �  � � ���#��� ��� �
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CW�����*�����&�  �!���"���H��$ 	�� �!� � �G���8$&�"�H� ��� � � ���!�������"��	��#�C���J�� �����"�=�
	�������	(� � �'�*������� �"��	�� � � � �0�-�3���
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� ���9���� � �*�
	����=��� ��� � �������
���.���(�W� �����������"�:�J�"��)�a� � 	��9�!�,	�� ���	���� � �2��	����R� �	��*� � ��� � P
� � �4	(����� � ���*�"�#���8� ��� � � �*� ��� � �1N @ � � 	�� � � � 2�!�
	%�'N#��*� � �=� 
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�
	K� 	�� �HG � � ���5��$ ���(� �=�!�<$&�"�+�
��� � � ��� � � �*�!�*�������./6�� �,���.���"#�&�@� ��� ����� �(� ���"� �.�� ��� ��� �R�6� � 	(�
� ��� � ������� �=�!�F� � � � �.	��� � � ���4�
	%������	(���!� � �����(! Q � ��	��*��������	���/
� ��� �����������(���,�������!���)�� �����"�1��$ � �
���(� �=�!� ��	(� ���"� � ���*���!�*�(�����7� � 	��5� � 	;� ��$/� �#� �1N @ ����CB^! "�� ��� �)�4�#��� � � � ��� ��� � �*��*$C	(� � �
	%������	(� P
�!� � �G���6�"� 	C�*���������&�)�	(���"���"�9� ��� �� �*$C	�� � ��$J� ��� �1N @ � � 	(� � � � 	���� � �@� ��� � �� B4��	�������	������ � ������!
QD$ � ��� � �������
������	��5�
	�� ����	�� �!� �(� / � ��� � � � � ����&� � 	 ��� � �.� � 	�� �HG � � ���A��$ � �  �����"� �5�K	�� ���� � �
� �3� ���A� �������
���.�*������� �E5����07 ! �I�'�*���"��� * �K	(��� �MG � � �*�<� �  �!�*�"� ��������	�� ��	��B$&�"���� �"� ���i! "�� ���
��	��O�	(� � � � � �0�-�4�!� � 	 ��� � ��� � �� � �!� 	4� � 	 B �����8���"��=� � �W5 ���U7 ! �I� �MG � � �*�+	��&� � 	��S� � � � � �.� �
�"� � �G� ��� � � �������
���+���!�*����� 5 � �%7 ! "���� �&	��KB9��$�	��)� � 	��<$&��� � 
1������&� � 	 ��� � ��� � �MG �#�	���� � �e���
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-�!)Q �i! QD$F���A� ��� � � 	���� � �"���"�8/�� ��� 	��&� � 	�� �#�"#�&�8� ��� � 	 �(� � �.� �8� �.� �8��� � ��� �1N @ ��	(��	B�*��� � 	%�,!
"����+� ���!��� �(� 
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Y#�"�����L� � � � $&�"����:�!��� � $&��*� ��� ��	K��	K�%$&���(� � ��� � � �)�;! "�� ��� �*��"� � �*� � �'� � 	(�
� ��� � � 	%�%�����3� ��� � � � � � ��� � �2� � �K	��� � � �#� �������
	��A����	(�����"�A��	��H�"�A� ���1�MG � � �*��	�� �����$C	�� � ��$F� ���
���"��=� � �.! "���� 47698;:<47=?>j	���	��)� ����� ��$ � ���+� �������
���!���-�)�&� � �?� � � ������������ � �;!
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� ���" � � -�!RQK-,� � �0�-�#� � 	(�J� ��� � ���*�����)�� �!���"� ��$ 	�� �!� � �G���5�"� � � � 	�� ���#�<�.� � 	��T� � 	YB��./ ��� � 	(���"��#�
C 	 � ������ 	����3� ��� �(� ��� �1	(��C 	 � Q�
�� �.��! "���� �����������(���2�����*�!�*�&��2�!�����1��$0� ��� � �l�H�(� ���������
� � �0�-�C��� � ������ � -#!)Q �i! "���� �����������(���$�������!���)�� �����"�%�($ ��� ����� �=�!�O	��"� ��� � �(� ��� � � �)�;�-��� � � � �"� �
��$H�*��*$C	�� � � � 	��)����#� � � ��� � ���B������� � �
�R�:�A�"� � ���*���!�*�(�����<� � 	(� � � 	��&������ ����CB 	���� ������� � �
�R�:� � ���
�����(�!��������� � � 	��%� � 	��)����#� @ � � !������ " �8� � �K	K� �S���$� � ��	 � �A���*�����"�8�!�5��� � ��$E� � � �.�F�MG ����� � �'�*�
	(� � �
��$ ������� �;/�	��)� ��$'� � ��� � � � �.	K�9��� 	+� � ��� � �H�($0�(	��4�4	 � �������*���"���7�!�<� ��� 
i!��#QK-RG � � �*�
	(� � ! "�� ���
������ ���  � �����)� � � �K	K� �5�!�3� ��� �"�*�"����@�*��	;� � ��$ ������� � ��� � �������*���"� �($�	 
i!��#QK- G � � ��	��W�4	#!
�N � � � �PB�� � ����� � �����*�i�� � � � ��� ����� " � � � �K	K� �����3� ��� @ � � /
���O� �(������	(� � �j���C� � 	;� $&����� � ���(� �
	��
� � ��	��+	��#� �(	��4�4	���! � �0� �H�(� ��/ � ��� �N � � � �PB(� � ����� � �O�����h���� � �J��� ����� " � � � �K	K� �.���4� ��� �ON @
���� B9���_���(�A����	(� � �e��� � � 	(�<$&�*�(� ��	��W�$	���! "��#� � � ��� ��� ���E���G���
� � ���"�=�!�*�&��2�!����� $&����� � � �
	��./
	�� � ��� � ���"� �F� � � �����2� ��������5� ��� ������	��*�
	�� � � � ���" � � � ��� �����KB � �E��$ � �#� �ON @ ���"��=� � � � �"���������!
"��  �./ �ON @ � �� B ����� " � �H�(� ������	�� � � � �*�,�����������(� ����/ � ! � ! � 	 �(� 	 � ��� ��� �+	 �(� ��	�� �A� 	��� � �($ � � � /
� ��� �1���(�W��	�� � � �-��� � ����� " � @ � � ����� �=�!��! D2���$C	�� � ����� " �F��� ������� � �
�)�4�A�"� � ���(�4�#�����.	(� � � � �*�(� �
��$F� ��� � � ��	������<��������	(���H� � ���"�� � �����KB � �'	(��� �����h���� �F����� �=�!� � � 	(��	�� �O�(� ���:�*�&�A�&�&	�� �!�+� � �"� �
$&���(� ����� " � ���1� ��� @ � � !8N#�"� �(� �*� � �)�(/F�*�(� �_����� �=�!�+���$��	����I� � �*�"�� � � ��� �����KB � �[	���� � ���h���� �
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({ANAB*"'`')!B% q � O5OxAB(Q.93"AB.9%"!B3"AN!B,~/\�"1I/a({ANAB*"'`')!N%;.93;1 � q �QG � z���� D�, J .93"%"( J�J !B'`!m')!_1I%;(Q*{/aTC#�1� � � � ���>*"34.9/d/\(r1L%s1I/\1S1+A �&*4.5,).0/\.9(Q3�AN(Q6^P"*4/\!N' q � �"!�6^!_1I,)*"'`!B%�! $^AB.5!N3"AN#�(+WX/)�".5,d,`#&,h/\!B6J 1+,V%"!N/)!B'`6o.93"!B%�/\(LTR! yCz��z�- WZ(Q' DGDfe k 1-1+34% |��� � ��- WZ(Q' DGDji k 1 q � %"!l/21+.9O5!B%Y/\!NA2�"3".9A_1+O
%"!B,`AB').9P4/\.9(Q3�(+W Tw!N/\1[� 1IO5P"�s1dAB(Q*43C/).53"]t.5,x]+.9MQ!N3�.53��x�s1+P4/)!B' | q � �4!�1+3s1+O0#&,).5,x1+3"%�.93c/\!B'`P"')!l/21I/).5(Q3(+W /)�".5, %"1I/21~.5, 34( J %".5,`AB*",`,)!B% q
����� � 9�,�� / 7#687 132�� ��� �+4�,.7#: � � 6�� ,�7�7#,�/ 7

�K*"').93"]t/\�4! � � � P"�s1+,`! F %"!l�s3"!N%S1+, � (?MQ!B6tTR!N' �����+y /)( � (?MQ!N6UTR!N' �����Q|{F � | � D � F �Qz A � p@A1+3"% � � A_1_M&.9/j#�1+,`,\1_#&, J !B'`!-Pw!B'hWZ(Q')6^!B% q � 3�/)�".5, J (Q' 
 F � D ��1I,),\1_#&, J .9O5O�TR!m')!lWZ!B'`')!B%�/\(�1+,
k � ��� F"J �"!B'`! k � � ,h/21+3"%4,$WZ(Q' k 1+%".9*"6 � D � � ,),)1_#L1+3"% � .9,�1+3S.93C/)!B]Q!N' *",)!N%S/\(^O�1ITR!NO�/\�"!
1+,),)1?# q A � p@A 1+34%LAB1_M{.0/j#�1+,`,\1_#&, J .9O5OwTR!�'`!NWZ!N')')!N%L/)(a1+,�� B ��� J �4!B')! � B � ,h/21+34%", WZ(Q'!��.5]Q�c/
B 1I/)!B' � ,),\1_#-1+3"% � .5,�1I3L.93c/\!B]+!B'�*",)!N%-/)(^O51+Tw!BO�/)�"!d1+,),)1?# qk !B,`*"O9/), J !N')!L(QT4/21I.53"!N%�WZ(+' z�� (+W8/)�"! z+G 1+,),)1?#&,^PR!N'`WZ(Q'`6o!N%�%"*"').93"]�/\�"! � � �vP"�s1I,)! q� �"')!N!m1+,),)1?#&, J !B'`!#"hO5(Q,h/%$-WZ(+'t%"..,�!N')!B3c/a'`!_1+,`(Q3", q � � D �v1I,),\1_#@: k � � G+y = J 1+,~O9(Q,`/t%"*"!�/\(W 1+.5O9*"')!�(+Wn/\�"!VTR!l/21[�j1+O5P"�"1^AN(Q*"3c/\.93"]b,h#{,h/\!N6 q � �"!tTw!N/\1o%".9,)AN').56^.53"1I/\(Q' *43".9/�W 1+.9O5!B%L%"*"'`.53"]^/\�"!AB')*4AB.�1IO��"'),`/ y ��4(Q*"'),o(+W�AN(Q*"3c/\.93"] q � ,o/)�"!r1I6o(Q*43C/o(+W�T4.5,)6t*4/\�;.53;/)�"!SAN(Q*"3c/\.93"]�,)1+6^P"O5!
T"*".5O9%",>*"P�1+34%�')!B1+A2�"!N,~1-6o1 7 .56U*46�1IW¤/\!N' G'& �"(Q*4'),d(+W AB(+*"3c/\.534] F /)�"!^/).56^!a,)Pw!BAN/)')*"6 �"/`/\!B'
A_1+3"34(+/<�4/$/)�"!t%"1I/21a! ,R!BAl/\.9M+!BO0#m.9Wn/)�"!>�s'),h/ y ^�"(Q*"'`,<(IW AB(+*"3c/\.534]b1+'`!V.93c/\!B'`')*"P{/\!B% q � ,`.56^.5O�1I'
.53"AN.5%"!N3C/U')!B,`*"O9/)!B%�.53�/)�"!�O5(+,),U(+W<1 A � p!A 1+,),)1_# :(� B � z�) =�q � 3�*"3"! 7 Pw!BAl/\!B%;PR( J !B'~(Q*{/21+]Q!*"3"%"!N')]Q'`(Q*"3"%^A_1+*4,)!B%^/\�"!�O9(Q,),�(+W�1�A_1_M&.9/j#a1I,),\1_#-:*� B � zQz = F 1+,�/\�4!<1I6o(Q*43C/ (+W J 1I/)!B'uP"')(&AB!N,),`!B%J 1+, .93",)* $^AN.5!B3c/�/)($P4')(&%"*"AB!�1 6^!_1+,`*"'\1+T4O5! ,`.5]Q3s1IO q � / J 1I,}34(+/ PR(+,),).9T"O5! /\(�]c1+.93>1+3c#K.53{WZ(Q')6o1I/\.9(Q31+TR(+*4/�/\�"!V1+6^(Q*"3c/$(+Wu1+Al/\.9M&.0/j#�! 7 /\')1+AN/)!B%SWZ'`(Q6�/)�"!B,`!U1+,`,\1_#&,�1+3"%-�"!B3"AN!V/)�"!N#L1+'`!V'`!NWZ!N')')!N%S/\(
1+, TR!N.53"]+"`O9(Q,`/,$ q �K3"!�WZ*"'h/\�"!N'�1+,),)1?# F � B � zIy4F4J 1I,<! 7 ANO5*"%4!B%mWZ')(Q6�/\�"!��s3s1IO�1+3s1+O0#&,).5, Tw!BAB1+*",`!
.9/u')!l/\*"'`3"!B%�1dMQ!N'`#^O5( J>F *"3"P4�C#&,`.5A_1IO F AB(Q3"AN!B3c/\')1I/\.9(Q3 q � �4!8')!N,)*"O0/ J 1+,u/\�"(+*"]Q�c/�/)(tTw!<%4*"!$/)(t1I3!B')'`(Q'x%4*"').93"]t%"!NPR(+,).9/).5(Q3o(+W '<� .���(Q3b/)�"!KAB(+O5*"6^3",�TR!lWZ(Q')!K*4,)!K*"34%"!B'`]Q')(Q*43"% q � �"!�1I3s1+O9#&,`.5,x(IW
-(. ()� 8 #%65��*��0/21 �,354 # -7698;: �
�;<>=
?�@ / 8�(4�+0�6BA *C3�#56(/ 2 �+* #ED �/-F/,(4�
GIH �72KJC//#%�+65L5//#5��2 0�#5�+-�D �+0;3*/ 6%�+2 �+* # 0�* - H ��* #%65��(



����������������� ��� �
	������� ����� � ����
���	�� ������� � ��� y

/\�"!>'\1 J AB(Q*"3c/)!B'�%s1I/\1a.9,�3"( J %".9,)AB*4,),)!N% q
����� ��� 	������ � ���"!$#�%'&�%

� 3s1+O0#&,).5,�(+W)(<� . � 1+,),)1?#L%s1[/21oAB1+3STw!d%".9M&.5%4!B%L.53c/\(a/\�"'`!B!V,)!BP"1+'\1I/)!t,h/21+]Q!N, q �n.9'),h/ F %s1I/\1aWZ'`(Q6/\�"!�Tw!N/\1[� 1IO5P"�s1LAB(Q.93"AB.9%"!B34AB!�AN(Q*"3c/\!N'),~.5,U1+3s1+O0#{,`!B%�/)(r%"!N/)!B'`6o.93"!o/)�"!m1+6^(Q*"3c/U(+W DGDfelk 1r1+34%
DGDji k 1�.93;/)�"!S�s3s1IO8,\1I6oP"O9! q � ! 7 / F /)�"!r'\1[/\!r1[/ J �".9A2� J 1I/)!B' ¡ ( J !B%@/\�4(Q*"]Q�E/)�"!rAN(QO5*"6^3",%"*"').93"]U/\�4!>1+,),)1?# J 1+,$1+3s1IO9#&,)!N%m/)(~%"!N/)!B'`6o.93"!K/\�"!�%4!BA_1_#�W 1+Al/\(Q'X1+3"%�/\�"!�/)(+/21+OR6b1I,), (+W J 1[/\!B'P"')(&AB!N,),)!N%~Tc#d/)�"!xAN(QO5*46o3", � � q � .53s1+O9O9# F /\.56^!uAB(Q'`')!NAN/\.9(Q3", J !N')! 1+P4P"O5.9!B%>/\(K1IABAB(+*"3c/ WZ(Q' /\�"!�/\.56^!TR!l/ J !N!B3a/\�"!�!B34%^(IWR! 7 /\'\1IAN/\.9(Q3a1+3"%~/)�"! ,`/\1+'`/u(+WwAN(Q*"3c/\.93"] q � �4!��"3s1+O ¡ ( J 1+3"%~/\.96o!�AB(Q'`')!NAN/\!N%'\1I/)!B, J !B'`!KAB(+3CM+!B'h/\!B%m.93C/)(t6o1+,),`!B,X(IW DGDfe k 1V1+3"% DGDji k 1 q � �"!8AB(Q3"AN!B3c/\')1I/\.9(Q3�(+W�1+AN/).9M&.9/j#^.53^/\�"!1+,),)1?#+!B%�')!B]+.5(Q3 J 1+,d(QT4/21I.53"!N%�TC#Y%4.9M&.5%".93"]b/)�"! k 1�6o1+,),`!B,dTc#r/\�"!~6o1+,`,d(IW J 1I/)!B'>P"')(&AB!N,),`!B%%"*"').93"]o/)�"!U1I,),\1_# q � �"!U1I6o(Q*43C/8(+W DGDji k 1o�s1I%�1+O J 1_#&,KTR!N!B3rTw!BO9( J /\�"!V%"!N/)!BAN/).5(Q3SO5.56^.9/X.53r1IO5O
/\�"'`!B! J 1I/)!B'�')!N]Q.5(Q34, q � �"!$')!N6b1I.53"%"!N'�(+W�/)�".5,uA2�s1IP4/\!N'x! 7 P"O51+.534,��"( J ')!N,)*"O0/\, J !N')!8(+T4/21+.93"!B%aWZ(Q'
DGDfe k 1a1+3"% Dj�GD � �LAB(Q3"AN!B3c/\')1I/\.9(Q3",�.53m!B1+A2�-'`!B]Q.9(Q3 q
*,+�-/.10�243527698�:;6=<�+?>�@BADC�-'>�-

� AN/).9M&.9/j#�WZ'`(Q6 !BO9*4/\.9(Q3 J 1+,n%"!N/)!B')6^.534!B%tTc#d�"/)/).53"]�/\.96o!�,)Pw!BAl/\')1</\($/\�"!�TR!l/21[�j1+O5P"�"1$AN(Q.53"AN.5%"!N3"AB!'\1I/)! q � !lWZ(Q')!^1��"/>AB(+*"O5%�TR!~6o1+%"!U/)(�/\�"!a%s1I/\1 F AB*4/),>�s1+%Y/\(mTR!^1+P4P"O5.9!B%r/\�"1I/>,)!NO5!BAl/\!N%�(Q3"O0#]Q!B3C*".93"!KTw!N/21 � 1+O9P"�s1VAN(Q.534AB.5%4!B3"AN!B,X'`!NWZ!B'`')!N%�/\(a1+,�,).5]+3s1+Ow!NMQ!N3c/\, q � 1+A�
C]Q'`(Q*"3"%m!lMQ!B3c/),$AN(Q*"O9%�TR!A_1+*",`!B%YTc#rTw!N/\1[�jTw!N/\1�AB(Q.93"AB.9%"!B3"AN!B, F�J �"!B'`!U/\�"!~,`!BAB(+3"%YTR!l/21�P"*"O9,)! J 1+,>,)6^!_1I')!B%�Tc#S3"(Q.5,`!U.53/\�"!�,h#{,h/\!N6 q �}(~%".5,`AB').96o.93s1I/)!<Tw!N/ J !B!N3-,`.5]Q3s1IO�1+3"%�T"1+A�
C]Q')(Q*43"%-!lMQ!N3C/), F 1UP"O9(+/X(+W 1+O9P"�s1 � �>�A2�s1+')]+!mM+!B'`,)*",a/\�"!mP"*4O5,)!�,`�s1+Pw!m%".5,`AB').96o.93s1I/).5(Q3�M+1I').�1IT"O5!r: P",`% = (+W</)�"!m,)!NAB(Q3"%�!NM+!B3c/o.53�/\�"!AB(Q.93"AB.9%"!B3"AN! J 1+,d6o1+%"!~WZ(Q'�!_1IA2� A �-� .93�/)�"!aAB(Q*"3c/)!B'd%s1I/21 q �s(Q'>1mP"*"O9,)! F /\�4!^P4,)%�MI1+O9*"!a.5,%"!N�s34!B%r1I,
P",)%DE WZ*"O9O�A2�s1+'`]Q!GF�/21+.9O�A2�s1+'`]Q!WZ*"O9O�A2�s1+'`]Q! H

� �"!8,`!BAB(+3"%Y: 1IO5P"�s1 = P4*"O5,`!<(+W�1V]Q!N3&*4.53"!$TR!l/21[�j1+O5P4�s1dAN(Q.534AB.5%4!B3"AN!<�s1I%�1VP4,)%�(+W�1+P"P"'`( 7 .96b1I/)!BO0#� q GQzrJ �4!B')!B1+,^Ts1+A�
C]Q')(+*"3"%�!NMQ!N3c/\,b�"1+%E1�P",`%�:Z(+W$/\�"!m,)!NAB(Q34%EP"*"O9,)! = (IWK1+'`(Q*"3"%I� q & � q � �4!6o!l/\�"(&%m(+WnP4*"O5,`!d,`�s1+Pw!>%".5,`AB').96o.93s1I/).5(Q3o.5, %"!N,)AB'`.5Tw!B%L.53m6^(Q')!�%"!l/21+.9O�.53-�x�s1IP4/\!N' | 1+3"%�D KQz[H q�u#&P".5AB1+O&1+,),)1_#V%"1I/21�.5, ,)�4( J 3t.53 �n.5]Q*4')! z q & q � J (8%4.5,`/).53"Al/}Ts1+3"%",}A_1I3tTw!�,`!B!B3 �c(Q3"!�,).5]+3s1+O: *"P"Pw!B'�T"1+3"% = 1+34%^(+3"! Ts1+A�
C]Q'`(Q*"3"%S: O9( J !B'�T"1+3"% =�q � �"!�Pw(Q,).0/\.5(+3U(+Ww!_1+A2�^Ts1+34%^.9, 
C3"( J 3^WZ'`(Q6: ,)!NPs1+')1I/\! = A_1IO5.5T4'\1I/).5(Q3�'`*"3",nPw!B'hWZ(Q')6^!B% J .9/)� DGD F � �t,`(Q*"'`AB!B, q �n1IP"O5.93�D KQz H 1I/`/\'`.5T"*4/)!B%d/\�".9, O9( J !B'Ts1+3"%r/)(�TR!l/21[�fTR!l/21�AN(Q.53"AN.5%"!N3"AB!N, F�J �4!B')!U/)�"!U,`!BAB(+3"%YTR!l/21�P"*"O9,)! J 1+,�T"'`(c1+%"!N3"!B%YTc#-3"(Q.5,`!U.53/\�"!d,`#&,`/)!B6 F .93"AB'`!_1+,`.53"]a/\�4!VP",`%-MI1+O9*"!>(+Wn/)�"!V,`!BAN(Q3"%rTw!N/\1oP"*"O9,)!>/\(o1+')(+*"3"%J� q & q � �".5,�.9,<,h/\.5O9O
� � #5$,� -/�+8+0 &�K 0�8�#%��6 078�8�� /,* # 3LK �76�#5$,� 0�23�;/,* #9��K 078 #%.NM'. #�& 8�0 J,#(/,65�+- 1'& #%$,� 8���( /,23*C3 #%$ 0�#�-/�+8+0 &�� -�1 �$K ��65�
#5$,� 0 3 350 & �+* -/� -
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�n.5]Q*4')! z q & / � 3�! 7 1+6^P"O9!8(+W %s1[/21t/21�
+!B3�Tc#o/\�"!KTw!N/\1[� 1IO5P"�s1VAB(Q.93"AB.9%"!B3"AN!KAB(+*"3c/\!B'`, q � �"!�]Q'`!B!N3PR(Q.93c/\,�1+'`!~]Q!B3C*".93"!~!NM+!B3c/\,d,)!NO5!NAN/\!N%�Tc#r/)�"!a1+3s1IO9#&,).9,KAB*4/), q � �4!^T4O5*"!~Pw(Q.53c/),�1+')!U/)�"!~,`#&,h/\!B6Ts1+A�
C]Q')(+*"3"% q � 3�/\�4!K*"P"Pw!B'XO9!NW¤/x]Q'\1+P4� F /)�"! 7 1 7 .5,X.9,�/\�4!�1+O5P4�s1 � �>�EMI1+O9*"!K1+34%�.53b/)�"!K*"P"Pw!B'').5]+�C/$P"O9(+/ F .0/<.9,$/)�"!VMI1+O9*"!d(+Wn/)�"!tP",`%SMI1+').51+T"O9! q � �"! 7 1 7 .5,$.53-/)�"!dO5( J !N'8P"O9(+/$.5,<1+O5P4�s1 � �>�M+1IO5*"! q

,)* $^AB.9!B3c/\O0#a%".�,R!B'`!B3c/xWZ'`(Q6 1d]Q!B3C*".93"!<Tw!N/\1[� 1IO5P"�s1>AB(+.53"AN.5%"!N3"AB!<1+3"%^/\�"!N,)!8!lMQ!N3C/), A_1+3o!_1+,`.5O0#~TR!
')!B6^(?MQ!N%-Tc#L1+P"P4O9#&.53"]a1I3s1+O9#&,`.5, AB*{/\, /\(a/\�"!>AN(Q*"3c/\!N'$%"1I/21+,`!N/ q� �4!K(Q').9]Q.53"1+O AB(Q*"3c/)!B'X%s1[/21U1+3"1+O9#&,).9,xP"'`(Q]Q')1+6�: J ').0/)/)!B3�Tc#o�n1+P4O5.53 F �-A��>'`!B]Q(+'X1+3"%���1I. =(Q3"O9#�1+O5O9( J !N%�/)�"!-1+3s1+O0#{,h/~/\(�,)!NO5!BAl/o1�'`!BAN/\1+3"]Q*4O�1+'~Tw( 7 1+')(+*"3"%�/\�"!m,).9]Q3s1+O q � �".5,aTw( 7 J 1I,%"!N�s34!B%�Tc#�,)Pw!BAN.9W¤#&.53"]-O5( J !B'V1+3"%�*"P4PR!N'VO9.56^.9/\,KWZ(+'V1IO5P"�s1 � �>� 1I3"%�P",`%�MI1+').51+T"O9!B, q � (+'V1IO5OA �L� , F /)�"!B'`! J 1I,^ANO5!B1+'U,)!NPs1+')1I/\.9(Q3�TR!l/ J !N!B3E,`.5]Q3"1+OX1+34%�T"1+A�
C]Q')(Q*43"% q ($( J !NM+!B' F WZ(Q'U,`(Q6o!/\*"Tw!B,>/\�"!o]Q'\1I%".5!N3C/d(+Wx/\�"!^Ts1+A�
C]Q'`(Q*"3"%�'`!B]Q.9(Q3 J 1+,dMQ!N'`#�,`/)!B!BP F 6b1�
&.93"]m.9/>MQ!N'`#�%".�$^AN*"O9/>/\(,)!BO9!BAl/K(Q3"O0#�/\�"!d,).9]Q3s1+O '`!B]Q.9(Q3 q �KABAB1+,).9(Q3s1+O9O9# F ,`(Q6^!V(+Wn/\�"!V,).5]+3s1+O J 1I,8,\1IAB').0�sAB!N%S/\(o6o.93".56^.5,`!/\�"!o1+6^(Q*"3c/t(IW Ts1+A�
C]Q'`(Q*"3"%�.93"ABO9*"%"!N%�.53Y/\�4!o�"/ q � �4.5,dTR!NA_1+6^!b1L6o(+')!^,)!B'`.5(Q*4,VP"'`(QT"O9!B6�.53
/\�"! � � � P"�s1+,`! F�J �4!B')!~')1+%".9(c1+AN/).9M&.9/j#�O5!NM+!BO9,8.53r1+O5O�/\�4')!B! J 1I/)!B'K'`!B]Q.9(Q3", J !N')!UMQ!N'`#S,)6o1+O5O q �3"! J 6^!N/\�4({% F *",).93"]r%".51+]Q(Q3"1+O�AB*4/), F J 1+,U%"!lMQ!NO5(QPw!B%�/)(r.56^P"')(?M+!^/)�"!�1+ANAB!BP{/21+3"AN!�(+W�]Q!N3C*".53"!TR!l/21[�j1+O5P"�"1UAB(Q.93"AB.9%"!B3"AN!B,$1+3"%L')!��`!BAl/\.5(+3L(IWnTs1IA�
&]+')(Q*"34%S!NM+!B3c/\, q

A O9(+/\,�(+W P",)%�M+!B'`,)*",�1+O9P"�s1>WZ(Q' DGD F � �m1+34% DGDji k 1V,)(Q*"'`AB!N, J !N')!K6o1+%"!81+3"%�O5(&( 
I!B%�,`.56^.5O�1I'
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PS
D

Alpha ADC

(a)

Alpha ADC

PS
D (b)

Alpha ADC

PS
D (c)

�n.5]Q*4')! z q G / � ,`A2�"!B6o1I/\.9A�')!BP4')!B,`!B3c/21[/\.5(+3b(+WR/\�"! /\�4!<%".51+]Q(Q3"1+O4AN*4/)/).53"]d6o!l/\�"(&% q : 1 = ,)�4( J ,�/\�"!3"(Q')6o1+O AN(Q*"3c/\!N'V%"1I/21 q :ZT = ,)�"( J ,V/)�"!aP"')(+PR(Q,`!B%�%".�1I]Q(Q3s1+OnAB*4/ q :ZA = ,)�"( J ,>/\�"!^%s1I/\1m(+3"AB!a/\�"!%".�1+]+(Q3s1+ORAB*4/$�s1+%LTw!B!B3-1+P"P4O5.5!N% q

/\(�/\�4!U')!NP"')!N,)!B3c/\1I/\.9(Q3Y]Q.9M+!B3Y.53 � .5]Q*"'`! z q G : 1 =lq � �"!~*"P"Pw!B'�T"1+3"%YAB(Q34,).5,h/\,K(IW�]+!B3C*".534!~TR!l/21[�1+O5P"�"1SAB(Q.93"AB.9%"!B34AB!B,a1I3"%�/\�"!�O9( J !B'tTs1+3"%�Ts1+A�
C]Q'`(Q*"3"%�AN(Q.53"AN.5%"!N3"AB!N, q � �"!�]Q')!N!B3�')!N]Q.5(+3",U.53�n.5]Q*4')! z q G : 1 = ,)�"( J %s1[/21�/)�s1I/ J 1+,b,`!BO5!NAN/)!B%ETc#�/\�4!S1+3"1+O9#&,).9,aAB*4/),b1+34%E.9/^AB1+3;Tw!LABO5!B1+')O0#
,)!B!N3;/)�s1I/a/\�"!N,)!-AB*4/),o,`!BO5!NAN/)!B%�1YP"'`(QPR(+'`/\.9(Q3�(+W8Ts1+A�
C]Q')(+*"3"%E!lMQ!N3C/), q �}(�! 7 ABO5*4%"!S1I,o6U*4A2�Ts1+A�
C]Q')(+*"3"%�1I,�PR(Q,`,).9T"O5!�1>%".�1I]Q(Q3s1+O{AB*4/ J 1+,�1+P"P"O9.5!B% q �n.9]Q*"')! z q G :ZT = ,)�"( J ,u/\�"!$P"')(+PR(Q,`!B%^AB*4/.53-/)�".5,$A_1I,)! q � �"!t%4.�1+]Q(+3s1+O AB*4/<WZ(Q'$!_1+A2� A �-� J 1+,8AB1+O5AN*"O�1I/)!B%-*",).93"]bAB1+O5.9T"'\1I/).5(Q3m%s1[/21^WZ'`(Q6
,)(Q*"'`AB!N,t'\1I3"]Q.534]L.93�,h/\'`!B3"]+/)��WZ'`(Q6 � q z 6 � �S/)(�� � � q � �"!o%".�1I]Q(Q3s1+OnAB*4/ J 1I,d/)�"!B3�1+P"P"O9.5!B%/\(o/)�"!t%"1I/21 F ')!N,)*"O0/\.93"]b.93S1bP4,)%SM+!B'),`*",>1+O9P"�s1oP4O5(+/$,).96o.9O�1+'X/)(o/)�s1I/<,)�"( J 3�.53 �n.5]+*"')! z q G : A =lq
� / J 1I,X/\�"!N3LPw(Q,`,).5T4O5!8/)(~,)!BO9!BAl/ /\�"!�,`.5]Q3s1IOR'`!B]Q.9(Q3�*",).93"]a1U')!NAN/\1+3"]Q*"O51+'xTw( 7 J .0/\�"(Q*{/ .53"ANO5*"%4.53"]1+3c#�Ts1+A�
C]Q'`(Q*"3"%", q� �4!$]+'\1+%".9!B3c/�(+Ww/\�4! %".�1+]+(Q3s1+O&AB*4/�*",`!B%^.53U/)�"!�1+3s1+O0#&,).5,n%".�,R!B'`!B%~WZ(Q'�!_1IA2�^(IWR/)�"!  A �L� ,*",)!N%�(+3r/\�"!U,h#&,`/\!N6 F 1I,8/\�"!l#r(QPw!B')1I/\!N%Y1I/�%"..,�!N')!N3C/K�".5]Q�-MQ(QO0/21+]Q!N, q �K3"O9#m/)�"! A �-�	M+(QO9/\1+]Q!
1%,�!NAN/)!B%m/\�"!>]Q')1+%".5!N3c/�(+W /)�"!d1+O5P4�s1 � �>�@MQ!B'`,)*",$P",`%-P"O9(+/$1+3"% F P"')(?M&.5%4!B%m/\�s1I/�/)�"! A �-� ( �')!B6o1+.93"!B%U,h/21+T4O5! F /)�"! AB*{/ J (Q*4O5%a1+O9,)(�')!N6b1I.53U,h/21+T"O9! 1+,�1KWZ*"34AN/\.9(Q3~(+W /\.96o! q � �4!G(<.5]+� � (QO9/\1+]Q!: ( ��= (+Wu!B1+A2� A �-� J 1+,�A2�4!BA�
+!N%�1I3"%�')!NAB(Q'`%"!B%�Tw!NWZ(Q'`!U!_1IA2��AB(Q*"3c/)!B'�')*43r/\(&( 
mP"O�1+AN! q �K3"O0#(Q3"!aA2�s1+3"]+!o.93
( � J 1+,>3"(I/\!B%�%"*"'`.53"]m/\�4! � � ��P"�"1+,)!^1+3"%�.9/ J 1+,>/\')1+AB!N%�/)(m/)�"!aW 1+.5O9*"')!U(IW1^'`!B,).9,`/)(Q'�.53m/\�"!>Ts1+,`!t(+Wn1 A �-� q � �".9,<T"1+,)! J 1I,<'`!BP"O51+AB!N%r1+3"% F ,)*"T",`! �C*"!N3C/)O9# F 3"(^A2�s1+3"]Q!d.53
( � J 1I,$34(+/\!N% q� �4!~]Q'\1+%4.5!B3c/�(IW�/\�"!~%".51+]Q(Q3"1+O AN*4/ J 1+,�,)!l/�WZ(Q'K!B1+A2� A �L��1+34%Y1+P"P"O9.5!B%-/\(m1+O9O AN(Q*"3c/\!N'
%s1I/21r�sO9!B, q � W¤/\!N'^AN*4/)/).53"]Y!B1+A2�;�sO9! F /\�"!m%s1[/21 J !N')!-1+3s1+O0#&,)!B%�*",`.53"]�/\�4!-P"'`(Q]Q')1+6o, J ').9/`/\!N3
TC#;� 1+P"O5.93 F �-A��>'`!B]Q(Q'b1+3"% ��1+. q k !B,`*"O9/),bWZ')(Q6 Tw(+/\�;/\�"!r34! J %".�1+]+(Q3s1+O�6^!N/\�4({%@1I3"%�/\�"!
P"')!lM{.9(Q*",�6o!l/\�"(&% J !B')!�AN(Q6^Ps1+')!N%�1+3"%oWZ(Q*"3"%b/)(~1+]Q'`!B!�1[/�/)�"!K(Q3"!8,).5]+6b1>O5!lMQ!BO q � �"!�%".51+]Q(Q3"1+O6o!l/\�"(&%��s1+%�,)!lMQ!B')1+O�1+%4MI1+3c/\1+]Q!B,a(?MQ!N'~/\�"!m(QO9%�6o!l/\�"(&% / .0/~P"')(&%"*"AN!B%�')!N,)*"O0/\, J .9/)��,)6o1+O5O9!B'
�"/$*"3"AB!N'`/\1+.53c/\.9!B,<1+3"%L.9/�!N3",)*"'`!B%r34(bTs1+A�
C]Q'`(Q*"3"%4, J !B'`!t.534ABO5*4%"!B%L.53m/\�"!>,`.5]Q3s1IO 1+3s1+O0#{,`.5, q �s(Q'/\�"!N,)!d')!_1I,)(Q3", F .9/ J 1+,�%"!BAN.5%"!N%-/)(^*4,)!�/\�".9,�%".�1+]+(Q3s1+OR6o!l/\�"(&%�WZ(Q'�1+O5O � � �	P"�s1+,`!V1I,),\1_#&, q�K3"AN!U]Q!N3&*4.53"!UTw!N/\1[� 1IO5P"�s1^AB(Q.93"AB.9%"!B34AB!B,8�s1+%�Tw!B!B3�,`!BO9!BAN/)!B%Y.53L/\�"!t%s1I/21 F /\�4!t�"/K/)(b/\�"!



����������������� ��� �
	������� ����� � ����
���	�� ������� � ��� K

%s1I/21>*",`.53"]d/\.56^! ,)Pw!BAl/\')1 J 1+,x6o1+%"! q � �"!</)(+/21IOsTR!l/21[�j1+O5P"�"1>AN(Q.534AB.5%4!B3"AN!<')1I/\! J 1I,�%"!l/\!N')6^.53"!N%TC#>/)�"!�AN(Q3c/\'`.5T"*4/).5(Q3d(+W"1+O5Oc')1+%".5(+3&*4ABO5.9%"!B, .93d/)�"!�%4!BA_1_#VA2�s1+.93 q � �4!x.534.9/\.51+O+AN(Q.534AB.5%4!B3"AN!�')1I/\! J 1I,%"(Q6^.53s1I/)!B%VTC#>/)�"!K��� q | �4(Q*"'n�"1+O9WsO9.9WZ!u(+W D)� D A T F+J �4.5A2�~T"*".9O9/}*"PU/)(K186o1 7 .56U*46 1+P"P"'`( 7 .96b1I/)!BO0#G7& �"(Q*4'),>1IW¤/)!B'8AN(Q*"3c/\.93"]�Tw!B]c1+3 q � �4!UAB(Q.93"AB.9%"!B34AB!~'\1[/\!t/)�"!B3�%"!NA_1_#Q!N%�1[/>1�'\1I/)!t%"!l/\!N')6^.53"!N%TC#�/)�"! G q |Q| %s1_#��s1+O9W8O5.0WZ!L(IW DGDfelk 1 q � /b.9,o.96oPw(Q'`/\1+3c/a/\(�3"(+/\!L/\�s1[/b� � F k 1�1I3"% A T J !B'`!1+O5O ! $^AB.5!N3c/\O9#r! 7 /\')1+AN/)!B%�WZ'`(Q6�/\�4!o*"34%"!B'`]Q')(Q*43"% J 1I/\!N'V,h#&,`/\!N6o,V1+3"%Y/\�4!oP"'`!B,`!B3"AN!b(+Wx� ��.53
/\�"!�AN(Q*"3c/\.93"]�,\1+6^P"O9!SAB(+*"O5%@�s1_M+!�.93 ¡ *"!N3"AB!N%@/\�"!Y1+6^(Q*"3c/�(IW k 1�.934WZ!B'`')!B%@WZ'`(Q6 /)�"!�%s1I/\1 q� (+'`/\*43s1I/\!NO9# F M+!B'`#�O5.9/`/\O9!<� � J 1+, !BO9*4/\!N%�WZ')(Q6 /\�"!K�"O9/\!N'X1+34%L(+3"O9# K�- (+W � �m! 7 /\')1+AN/)!B%LTC#o/\�"!
(<� . ���sO0/\!B'`, J 1I,�P4')!B,`!B3c/�.53~/\�"!X�"3s1+O",)1+6oP4O5!�1+3"%~/)�".5, J 1+,�1+ABAN(Q*"3c/\!N%^WZ(+'�.53U/\�4!X/\.56^!x�"/`/\.93"] q�n.5]Q*4')! z q y ,)�"( J ,K1~/j#&P".5AB1+O��"/�/\(o1+,`,\1_#m%s1I/\1 q � �4!d�"/$'`!B,)*4O9/\,�WZ(Q' D)� D A Tr1I3"% D)� D	� .�.53 �n.5]+*"')!z q yKJ !B'`!<,`.5]Q34.9�sAB1+3c/\O9#V]Q'`!_1I/)!B' J �"!N3oAN(Q6oP"1+')!N% J .0/\�~/\�4!X�"/)/)!B%^'\1I/)! (+W DGDfelk 1 q � �".5,�,`*"]Q]Q!N,`/\!N%/\�s1I/$/\�4!B')! J 1I,�1oPw(Q,),`.5T"O9!>%".5,`! �C*".5O9.5T"'`.5*"6�.53m/\�"!VA2�s1+.53S1+3"%S/)�"!t,)1+6^!VTw!B�s1_M&.5(+*"' J 1+,K34(+/\!N%
.53r/\�4!~Ts1+A�
C]Q')(+*"3"%�,\1+6^P"O5!N, q � �4.5, J 1+,>! 7 P"O�1I.53"!N%�Tc#S.53"]Q'`!B,`,d(IW�')1+%"(Q3Y%s1I*"]Q�c/\!N'),�WZ')(Q6�/\�"!
1+.5'X.93c/\(~/\�"!>,)1+6oP4O5!�%"*"'`.53"]~/)�"!>!BO5*{/\.5(+3-1I3"%m,)!BAN(Q3"%s1I'`#mAB(+3"AB!N3C/)'\1I/).5(Q3L,`/\1+]Q!N, q � �".5,�')!N,)*"O0/\!N%.53-1+3S1I%"%".9/).5(Q3"1+O�,)(+*"')AN!t(+W D)� D A TS1+3"%L/\�C*", D)� D	� . q � 3S.93"AB'`!_1+,`!V.93L/)�"!V1+6o(+*"3c/<(IW D)� D A Tr1+34%
D)� D	� . P4')!B,`!B3c/�.93r1+,`,\1_#S,)1+6^P"O5!N, J 1+,<WZ(Q*43"%SWZ(QO9O5( J .53"]~/)�"!U6^( M+!t(+Wn/\�"!VA2�"!B6^.5,h/\'`#-O�1ITL/)(b/\�"!3"! J ,`*"'`W 1IAB!bT4*".5O9%".53"]m(Q3�,).0/\! q � �"!b34! J ,`*"'`W 1+AN!bT"*4.5O5%4.53"] J 1+,tAN(Q3",h/\')*4AN/\!N%�WZ')(+6�AB(Q3"AN')!l/\! F
J �".5A2��.5, 
C3"( J 3�/\(-!B6o1+3s1I/)! DGD�� k 3�1+3"%Y/\�C*", D)� D'A T q � ,dTw(+/\��.5,)(I/\(QPw!B,>(&ABAB*4'dTw!BO9( J DGDfe k 11+3"% J !N')!~�"/`/\!B%�WZ(Q' F /\�4!~!BO5!lMI1I/\!N%�O9!NM+!BO5, J !B'`!a3"(+/�(+W�AN(Q3"AB!N')3�1+3"%Y%".9%�3"(+/d1%,R!BAl/�/\�"!U�"/`/\!N%M+1IO5*"!d(+W DGDfelk 1 q � ,),\1_#r1+3"%rTs1IA�
&]+')(Q*"34%�,)1+6^P"O5!N, J !B')!tAB(Q*"3c/)!B%�WZ(Q' K �2���^%s1_#&,K/\(�%"!l/\!N')6^.53"!1+3c#bAN(Q3c/\').9T"*4/).5(Q3^WZ')(Q6 DGD F � � F 1+,X.9/ J (Q*"O5%b]Q.9M+!K1tAN(Q3",`/\1+3c/ 3"(Q3&�?CB!N')(UT"1+A�
C]Q')(Q*43"% q �s(QO5O9( J .93"]/\�"!^.53".0/\.51+OnAN(Q*"3c/\.93"]-Pw!B'`.5(&%�(IW K �\���L%"1?#&, F /\�4!b,\1I6oP"O9!B, J !B')!oO5!lW¤/dWZ(+'d*4P�/\(L/ J ( J !N!�
C,~1+34%
J !N')!>/\�"!N3-'`!l�jAN(Q*"3c/\!N%LWZ(+'<1I3"(+/\�4!B' J !B!�
�/)(^%4!N/\!N')6^.53"!K/)�"! DGD F � �-T"1+A�
C]Q')(Q*43"%r1+ANAB*"')1I/\!NO9# q

� 6o1 7 .56t*"6vO5. 
I!BO9.5�"(&({%L�"/>(+W�/\.96o!V,)Pw!BAN/)'\1�WZ(Q'8/)�"!B,`!^')1+%".9(Q.5,`(+/\(QPw!B, J 1I,d6o1+%"!U/)(�%"!l�/\!B'`6o.93"!>/\�"!t1+6o(+*"3c/8(+W k 1bP4')!B,`!B3c/�.93-/\�4!t,\1I6oP"O9! q � �"!t6o1 �`(Q'`.9/j#m(+W .534WZ(Q'`6b1[/\.5(+3L.93-/)�"!V�"/J 1+,�/\1�
+!N3oWZ')(+6 /\�4!��"'),`/ y ��"(+*"'),u(+WRAB(Q*43C/)!B'u%s1I/\1V1I3"% F .9Ww/\�4!$,h#&,`/\!N6 W 1+.5O9!B%~(Q'�AN(Q*"3c/\.93"] J 1I,.53c/\!N')')*4P4/\!N%o%"*4').534]K/\�".9,�Pw!B'`.5(&% F /)�"!$1+,),)1?#UAB(Q*"O9%a�s1_MQ!$TR!N!B3^O5(Q,h/ q � �4!<')1I/\! (+W DGDfelk 1>(+T4/21+.93"!B%WZ')(Q6�/\�"!��"/ J 1+,�*",)!N%S.53�/)�"!d1+3s1+O0#{,`.5, q

*,+�-/.10�243527698��L6�� C�-'>4-

� �"!X'\1[/\!X(+W J 1I/)!B' ¡ ( J .534]8/\�"'`(Q*"]Q�U/)�"!XAN(QO5*"6^3", %"*"').93"]8/)�"!�1+,),)1_# J 1+, ')!NAB(Q'`%"!B%a!B1+A2�a,)!BAN(Q3"% q� (YA_1IO5AB*4O�1I/)!b/\�"!�6o1+,`,~(+W J 1I/)!B'aP"')(&AB!N,),`!B% F /\�"!m1_MQ!N'\1+]+! ¡ ( J '\1I/)! J 1I,^6t*"O9/).5P"O9.5!B%�Tc#�/\�"!%"*"'\1[/\.5(+3�(+W</)�"!L1+,),)1_# q � �"! ¡ ( J 1+3"1+O9#&,).9,UA_1IO5AB*4O�1I/)!B%�/\�"!L1+6^(Q*"3c/~(IW DGDfelk 1r/\�s1I/a%4!BA_1_#+!B%
J �".5O9,`/X/)�"!d1+,),)1?#b/\(&( 
bP"O51+AB! q � �".5, %4!BA_1_#�W 1+Al/\(Q' J 1+,�3"(+3{�j3"!N]QO5.9]Q.5T4O5!<1+,X/\�"!>�s1IO9W}O5.0WZ!8(+W DGDfelk 1J 1+, G q |Q| %s1_#&, q
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�n.5]Q*4')! z q y / � �"!b�"/`/\.93"]S(+Wx/\')*4!�TR!l/21[�j1+O5P4�s1LAN(Q.534AB.5%4!B3"AN!B,UT".93"3"!N%�PR!N't�"(+*"'dWZ(+'�� B � KQz WZ(Q'� ��A2�s1+.53�1IAN/\.0M&.9/j# q k !B%�T".93",U.93"%".5AB1I/\! J �"!B3�3"! J '`*"3", J !B'`!L,h/21+'h/\!N%�1+3"%�/\�"!N,)!�T".93",U�s1_M+!TR!N!B3�! 7 ABO9*"%"!B%YWZ')(+6�/\�4!a�4/ q � �"! 7 1 7 .9,�,)�"( J ,>/\.96o!U,`.53"AN!a,`/21I'`/>(+W�AB(Q*43C/).53"] q � �"!aAB!N3C/)'\1+O! 7 PR(+3"!B3c/\.51+O�:ZT"O�1IA�
bO5.93"! = .5,�/\�"!�'`!B,)*4O9/\,XWZ'`(Q6 /\�"!K�"/ 1+3"%�/\�4!�(+/\�"!N'X! 7 Pw(Q3"!N3C/).�1+O9,�1+')!t��,).5]+6b1,`/21[/\.5,h/\.9A_1+OR!B')'`(Q'), q

� 3�� @ :;69A A @�: > 356=+�2

��34AB! /\�"!�%"!NA_1_#aW 1+AN/)(Q'��s1+%^Tw!B!B3^A_1IO5AB*4O�1I/)!B% F /).56^!XAB(Q'`')!NAN/\.9(Q3",u�s1+%a/\(dTw!�1+P"P"O9.5!B%~/)(>/)�"!$%s1I/21/\(d1+ABAN(Q*"3c/�WZ(Q' DGDfelk 1�%"!NA_1_#^TR!l/ J !N!B3b/)�"!�!B3"%o(+W�! 7 /\'\1IAN/\.9(Q3o1+3"%^TR!N]Q.53"34.53"]>(+WRAB(Q*43C/).53"] q � �".5,J 1+, ,`P"O5.0/X.93C/)(t/ J (a/).56^!<.93c/\!B'hMI1+O5, �{/\.96o!<TR!l/ J !N!B3L!B3"%m(+W}! 7 /)'\1+Al/\.9(Q3m1+3"%�,h/21+'h/ (+W !BO9*4/\.9(Q3�1+34%/\�"! /\.96o! Tw!N/ J !B!N3�,`/\1+'`/�(+WR!BO9*4/\.9(Q3^1+3"%^,`/\1+'`/�(+W�AB(Q*"3c/).53"] q � J (d/\.96o! Pw!B'`.5(&%", J !N')!<*",)!N%b,).93"AB!1�,)6o1+O5On1+6o(+*"3c/>(+W k 1�!B3c/)!B')!N%�/)�"!a,\1+6^P"O9!tWZ')(Q6v/\�4!^! �C*".5P"6^!B3c/d1+34%�'`!_1+]+!B3c/\,>*",`!B%�.93r/\�"!
!BO5*{/\.5(+3r1+3"%S,)!BAN(Q3"%s1I'`#rAN(Q3"AN!B3c/\')1I/\.9(Q3�,`/\1+]Q!B, q � �".5,8Ts1+A�
C]Q')(+*"3"%�.5,8%".5,`AB*",`,)!B%Y.93 � *"T",`!BAl/\.5(+3z q y q & q

�K3"AN!a1+O5O (+Wu/)�"!UAB(+*"3c/\.534] F ¡ ( J 1+3"%r/).56^!t.53{WZ(Q')6o1I/\.9(Q3 J 1+, 
C3"( J 3 F /)�"!UAN(Q3"AB!N3c/\'\1[/\.5(+3(+W DGDfe k 1~6o!B1+,)*4')!B%LTc#�/\�"!d1+,`,\1_#�AN(Q*"O5%mTw!>A_1+O9AB*"O51I/\!N% q
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� �"!X! �C*".9P"6^!B3c/u1+3"%t')!_1I]Q!B3c/\,�*4,)!B%a.937(<� .��@1+,),)1?#&,�6o1_#t�s1_M+!XAB(Q3c/)').5T4*4/\!N% k 1</)(8/\�4!X,\1+6^P"O9! q� (d6o!B1+,)*4')!�/\�".9,�AN(Q3c/\'`.5T"*4/).5(Q3^1>Ts1+A�
C]Q'`(Q*"3"%�6^!_1I,)*"'`!B6^!B3c/ J 1+,�6b1I%"! WZ(Q'u!NMQ!N'`#o1+,`,\1_# q �K3"AB!
(<� . ���s1+%�Tw!B!N3�%"!BPw(Q,).0/\!N%�(+3C/)(r/\�"!��"O9/\!N'), F .0/ J 1+,a')!N6o(?MQ!N%�TC#�!BO9*4/\.9(Q3 q � �"!�!BO9*s1I/)! J 1I,AB(Q3"AN!B3c/\')1I/\!N%Y1+3"%L/\�"!d')!N,)*"O0/21+3c/K,`(QO5*{/\.5(+3LAN(Q*"3c/\!N% F .93r1^6b1+343"!B'�.5%4!B3c/\.9A_1+O�/\(b1+3r1I,),\1_# q � �4!�sO9/)!B'), J !B'`!-ANO5!_1I3"!B%;1+3"%I(<� .�� J 1+,o'`!l�fO5(c1+%4!B%�(Q3c/\(Y/\�"!N6 q � �"!mTs1IA�
&]+')(Q*"34%E,\1I6oP"O9! J 1I,AB(Q*"3c/)!B%�WZ(Q'��?�2���^%s1_#{,�Tw!NWZ(+')!t/)�"!~1+,`,\1_#S/)({( 
mP"O51+AB! q � �"!UAN(Q3c/\').9T"*4/).5(Q3 J 1+,K34(Q3{�j34!B]QO9.5]Q.9T"O5! FT"*4/$,)6o1+O5ORAB(Q6^Ps1+'`!B% J .9/)��/\�"!>(QT",`!B'hMQ!B%r1+,),)1?#m,`.5]Q3"1+O q

� %4!B3c/\.9A_1+O�6o!l/\�"(&%", J !B'`!�*",)!N%�/\(rP4')(&AB!B,`, ��� � : k � � = 1+34% (�� � :(� B � = 1+,`,\1_#&, F T"*4// J (Y%"..,�!N')!B3c/a!NO5*4/).5(Q3�'`.5]Q, J !N')!m*",)!N% q � J (�'`.5]Q, J !N')!m*",)!N%�/)(Y1_MQ(Q.9%�AN')(Q,`,aAB(Q3c/21I6o.93s1I/\.9(Q3TR!l/ J !N!B3��"!B1?MC#S1+3"%rO9.5]Q�c/ J 1I/\!N'K1+,`,\1_#&, q � �"! A � p!A (�� � J 1I,�1+P"P"'`( 7 .96b1[/\!BO0#����~/\.96o!N,<O9!B,),P"*"')!mAN(Q6oP"1+')!N% J .0/\��/\�4! ����� q�� 3E1+%4%".9/).5(Q3 F / J (�!NO5*4/).5(Q3�'`.5]Q,U1+O5O9( J !B%�6^(Q')!m1I,),\1_#&,a/\(YTR!PR!N'`WZ(Q'`6o!N%L%4*"').93"]a!_1+A2�LP"�s1+,`!V(IW /)�"!>! 7 PR!N').96o!N3C/ q
� (+/\��'`.5]Q, J !N')!�AN(Q3",`/)')*"Al/\!N%LWZ'`(Q6 *"O9/)'\1tP"*4')!KPw(QO9#&P"'`(QPc#&O5!B34!�1+3"% J !B'`!�Ts1+,)!N%�*"Pw(Q3�/\�"!,\1+6^!8%"!N,).9]Q3 q (<( J !NM+!B' F /)�"! ��� � !BO9*4/\.9(Q3b'`.5]U*",`!B%L1U%".51+P"�"')1+]Q6 P"*"6^P�1+3"%�/)�"! (�� � !NO5*4/).5(Q3

').5]�*4,)!B%;1�6o!NA2�s1+3".9A_1+OxP"*"6^P q � �"!m%".�1IP"�"'\1I]Q6 P4*"6oP�.53�/)�"! ��� ��'`.5]�!N3",)*"'`!B%�/\�s1I/^1IAB.5%
*",)!N%r.53m!BO9*4/\.9(Q3-1+3"%L(+/\�"!N'81I,),)(&AB.51I/\!N%-P4')(&AB!B,`,)!N,K(Q3-/)�"!d').5]a%".9%-34(+/$AB(Q6^!V.93c/\(aAB(Q3c/\1+AN/ J .9/\�1+3c#Y6o!NA2�s1+3".9A_1+OuPs1+'h/\, F J �".9A2� J (+*"O5%��s1_MQ!bTw!B!N3�1-Pw(Q,`,).5T4O5!a,)(Q*4')AB!o(+W AN(Q3c/21+6^.53s1[/\.5(+3 q � �4!6o!NA2�s1+3".9A_1+O�P"*46oP�*",)!N%�(Q3Y/\�"! (�� ��'`.5]L�s1+%�P"O�1+,h/\.9A~AB(c1I/)!B%�6o!l/21+O�Ps1I'`/\, J �".9A2��A_1+6^!a.53c/\(AB(Q3c/21IAN/ J .9/)�m/)�"!d1+AB.9% q � , /)�"!B,`! J !B'`!VP"O51+,`/).5AKAN(?MQ!B'`!B% F /\�4!V1IAB.5%m,`�"(Q*"O9%L34(+/$�s1_MQ!dAB(Q6^!�.53c/\(AB(Q3c/21IAN/ J .9/)�-1I3C#�,).5]+3".9�sAB1+3c/�,)(Q*4')AB!d(+Wn1+AN/).9M&.9/j# q

�L!_1+,`*"')!N%UTs1+A�
C]Q'`(Q*"3"%UO9!NM+!BO5, J !B')!�WZ(Q*"3"%d/\($TR!uMQ!N'`#V,`/\1+T"O5!�WZ(Q' � � �EP"�s1+,`! ��� �;1+,),)1?#&, �/j#{P4.5A_1IO5O9# � q G+G �$AN(Q*"3c/\,nPR!N'n�"(Q*4' (+W
��� elk 1 q � �".9, J 1+,n3"(I/ WZ(Q*43"%t/\(<TR!�/\�"!�A_1I,)!xWZ(Q'L(�����1+,),)1?#&, q�K*"').93"]�/\�"! � � ��P"�s1+,`! F T"1+A�
C]Q')(Q*43"%",U6^!_1+,`*"')!N%�WZ(Q'd1+,`,\1_#&,t*",`.53"]m/\�4! (�� ��').9] ¡ *"AN/)*s1I/\!N%

1+3"%@.53�1�WZ! J ! 7 /\'`!B6^!rA_1+,`!B, F P"'`({%"*4AB!B% Ts1IA�
&]+')(Q*"34%�,)1+6^P"O5!N,b/\�s1[/ J !N')!�]Q'`!_1I/)!B'b/)�s1+3 (Q'! �C*s1+Ox/)(S/\�4!m1+AN/).9M&.9/j#�')!NAB(Q'`%"!B%�Tc#�/)�"!�1+,`,\1_#&, q � �"!�')!N,)*"O0/\,U(+W�/)�"!B,`!m1+,),)1?#&,^1+'`!�,)�"( J 3�.53�n.5]Q*4')! z q z{F J �"!B'`!b.9/>AB1+3�Tw!^,)!B!N3�/)�s1I/d/\�"!^6b1 �`(Q').0/j#r(+WX1+,),)1?#�'`!B,)*4O9/\, J !B')!^AB(+3",).9,`/\!N3c/ q � ,/\�"!KAN(Q3"AN!B3c/\')1I/\.9(Q3�1+3"%�AN(Q*"3c/\.93"]~,`/\1+]Q!N, J !N')!�.9%"!B3c/\.9A_1+O WZ(Q'K� B � 1+3"% k � � F /\�"!KAB1+*",`!�(+W�/\�"!P"')(QT4O5!B6 J 1I,$/)�"!B'`!NWZ(Q'`!>/)�"!>!BO9*4/\.9(Q3�').9] q� 3C*"6UTw!B'>(+W�P"'`({AN!B%"*"'`!B, J !N')!^.56^P"O5!N6o!N3c/\!B%�.93�1+3�1[/)/\!N6oP{/�/\(mAB(Q3c/)')(QO /)�"!a').5]mTs1IA�
c�]Q')(Q*43"% q � �"!B,`!a.53"ANO5*"%"!N%�')!NP"O�1+AN.53"]b,)!NM+!B')1+O P"*"6^P�Ps1+'h/\, F 1�P"')!��j%"!NPR(Q,`.9/).5(Q3�1IAB.5%S').534,)!~1+34%�1P"')!��j%"!NPR(Q,`.9/).5(Q3
(<� .���'`.53",`! q � (Q34!b(+WX/)�"!B,`!�,)(+O9MQ!N%�/\�"!oP"')(+T"O5!N6 1I3"% F .93 � !NP4/\!N6UTR!N' & � � |4F.9/ J 1+,t%"!NAB.9%"!B%�/\(SPw!B'hWZ(Q')6 1+O5O�� B � %"!NPR(Q,`.9/).5(Q3",d1+34%�!BO9*4/\.9(Q3",�*",`.53"]L/\�"! ��� ��'`.5] q � O9Ou1+,h�,\1_#&,<1[W¤/\!B'xT"*4/ 3"(I/ .53"ANO5*"%4.53"] � B � � &VJ !B'`!dPw!B'hWZ(Q')6^!B%�*4,).534]U/\�"! ����� '`.5]a1+3"%�/)�"!�6^!_1+,`*"')!N%
Ts1+A�
C]Q')(+*"3"%�WZ(Q'U/\�"!N,)!L1+,`,\1_#&, J 1+,~WZ(Q*"3"%�/)(�Tw!�MQ!N'`#�,h/21+T"O9!m1+3"%�.53�1I]Q')!N!B6^!B3c/ J .9/\��/)�"(Q,)!6o!B1+,)*"'`!B%mWZ(Q' ��� �	1+,),)1?#&, q� �4!K6b1 �`(Q').0/j#a(+W A � p@A 1+,),)1_#{, .93o/)�"! � � ��P4�s1+,)! J !N')!�Pw!B'`WZ(+')6^!B%b*4,).534]t/\�"!�(�� ��').9] q
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Assay

Background

�n.5]Q*4')! z q z / � � ��P"�s1+,`! (<� . ��1+,`,\1_#�'`!B,`*"O9/),tWZ(Q'V/)�"! A � p!A ')!N]Q.5(+3 q � �"!�'`.5]ST"1+A�
C]Q')(Q*43"%¡ *"AN/)*s1I/).5(Q3",��s1_MQ!K34(+/xTw!B!N3�.53"ANO5*"%4!B%b.93o/)�"!K!B'`')(Q'�Ts1+'`, q � �"!N')!K.9,�34(~1+%"%".0/\.9(Q3s1+Os!N')')(+'�WZ(Q'u/\�"!O�1+,h/ z Pw(Q.93C/),�1+, /\�"(+,)!d1+,),)1_#{, J !B')!dPw!B'`WZ(+')6^!B%m*",).93"]a/\�"! ��� � ').5] q

��M+!B3U/)�"(Q*"]Q�V/\�"!�')!B,`*"O9/), J !B'`!X.53t1+]Q')!N!B6^!B3c/ J .0/\�V!_1+A2�U(I/\�"!N' F ,`!B! �n.9]Q*"'`! z q z{F /\�"!�*"3"AN!B'`/\1+.53c/j#1+,),`({AN.�1I/)!B% J .9/)�-1~MI1+').51+T"O9!KTs1+A�
C]Q'`(Q*"3"%L�s1+%m/\(aTw!V1IABAB(+*"3c/\!B%LWZ(Q' .53�/)�"!��s3s1+O�'`!B,`*"O9/), q
����� � � � � � � ��� ��&������ � ��� � � � ������&���� �9& � ������� ����� ����
 %

� �"! 6o!B1+,)*4')!B%aTs1IA�
&]+')(Q*"34%",�WZ(+')(�� ��1+,),)1_#{, J !B'`!�WZ(+*"3"%U/\(�MI1+'h#t,`.5]Q3".0�sA_1I3C/)O9# F+J .9/)�~(QT",)!N'`M+!B%'\1I/)!B,8(IW �
H
�+���  � H � � �^ABP"�Y1+34%�� H | �Q�  � H � z �tABP"�rWZ(Q'$/\�"!V6b1 7 .96U*"6v1+34%�6o.93".56U*46�AB(Q*43C/

'\1I/)!B,X'`!B,)Pw!BAl/\.0MQ!BO0# q � 3�,)(+6o!KAB1+,)!N, /\�"!K�4.5]Q��T"1+A�
C]Q')(Q*43"%m')!B,`*"O9/)!B%m.53�1U3"!B]c1[/\.9M+!a: *43"P"�c#&,).5AB1+O =1+,),)1?#U')!B,`*"O9/ q � / J 1+,�/)�"(Q*"]+�C/�/)�s1I/u.93a/)�"!B,`!<AB1+,)!N, F /\�4!�(�� ��!NO5*4/).5(Q3~'`.5]�Ts1+A�
C]Q'`(Q*"3"% J 1+,�(?M+!B'h�!B,`/).56o1I/\!N% FsJ �".5A2� J (Q*4O5%S�"1?M+!U')!N,)*"O0/\!N%r.53m/\�"!t1+,),)1_#-AN(Q3"AN!B3c/\')1I/\.9(Q3",8Tw!B.93"]b*43"%"!B'`!B,h/\.56o1I/)!B% q� �"!U! ,R!BAl/�(+W MI1+'h#&.53"]�'`.5]^Ts1+A�
C]Q'`(Q*"3"%",��"1+%S/\(bTR!t1+ABAN(Q*"3c/\!N%YWZ(+'<.93S/\�"! � B � '`!B,)*4O9/\,<*"Pr/\(
1+3"%r.93"ABO9*"%".534] � B � � & q � / J 1+,K%"!NAB.9%"!B%r/)�s1I/$/\�"! ¡ *"AN/)*s1I/\.9(Q3",<.53S'`.5]^Ts1+A�
C]Q'`(Q*"3"%�,`�"(Q*"O9%rTR!/\')!B1I/\!N%S1I,<1I3L*43"AB!N'`/21I.53c/j#L1+,X/\�4!B')! J 1+,�3"(o(+TCM&.9(Q*",X/\.96o!�,h/\'`*"AN/)*"')!�/\(a/\�4!d%"1I/21 q� �4!8WZ(QO5O9( J .53"]>6^!N/\�4({% J 1+,X*4,)!B%�/)(~1+,`,).5]+3�1+3�*4P"PR!N' 1+3"%bO5( J !N'x*"34AB!B'h/21+.93c/j#b%"*4!8/\(V').5]
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Ts1+A�
C]Q')(+*"3"% ¡ *"AN/)*s1I/).5(Q3",
� q �X1+O5AN*"O�1[/\!x/)�"!�AB!B3c/)'\1+O"MI1+O9*"!XWZ(Q'�!_1IA2��1+,`,\1_#a*",).93"]�/\�"!�6^!_1+,`*"')!N%oT"1+A�
C]Q')(Q*43"%b1I3"%b1I,),\1_#MI1+O5*"!N, q
& q � ,`,).5]+3r/\�"!U*4P"PR!N'K,`#&,h/\!B6o1I/).5AU*"34AB!B'h/21+.93c/j#r%"*"!V/\(�Ts1+A�
C]Q'`(Q*"3"% ¡ *"AN/)*s1I/\.9(Q3",KTc#SA_1+O9AB*{�O�1I/).53"]$1834! J AB!N3C/)'\1+OCMI1+O5*4!�WZ(Q'}!_1+A2�a1I,),\1_#V*",).93"]</)�"!xO9( J !N,`/�(QT4,)!B'hMQ!N%^T"1+A�
C]Q')(Q*43"%~AB(Q*43C/'\1I/)!VWZ(Q'K1 A � p@A 1+,),)1?# q � �"!~,`#&,`/)!B6o1I/\.9AU!B'`')(Q'<.5,$/\�"!~%"..,�!N')!N3"AB!UTw!N/ J !B!N3�/)�".5,<AB!N3C/)'\1+OMI1+O5*"!>1I3"%�/\�s1I/$(QT{/21+.93"!B%�WZ')(+6�,`/)!BP�� q
G q � ,`,).5]+3�/\�"!KO9( J !N'X,`#&,`/)!B6o1I/\.9AK*"3"AN!B'h/21+.93C/j#bTc#�A_1IO5AB*4O�1I/).53"]t1U3"! J AB!N3C/)'\1+OwMI1+O5*"!<WZ(Q'x!B1+A2�1+,),)1_#�*4,).534]S/\�"!o�".5]+�"!B,h/t(QT4,)!B'hMQ!N% F P"�c#{,`.5AB1+O5O0#YPR(Q,`,).9T"O5!^Ts1+A�
C]Q'`(Q*"3"%�AN(Q*"3c/U')1I/\!aWZ(Q'U1

A � p@A 1+,`,\1_# q " A �c#&,).9A_1+O9O9#�Pw(Q,),`.5T"O9! $�6o!B1+3",a/\�"!-�".5]+�"!B,h/b'`!BAB(+')%"!N%ETs1+A�
C]Q'`(Q*"3"%;/\�s1I/')!l/\*"'`3"!B%b1>34(Q3{�j34!B]c1I/).9M+!<1I,),\1_#^')!N,)*"O0/ q � �"!<,h#&,`/\!N6b1[/\.5A$!B'`')(Q'�.9,�/\�"!�%"..,�!N')!B34AB!$TR!l/ J !N!B3/\�".9, AB!N3C/)'\1+O�MI1+O9*"!>1+3"%m/\�"1I/�(QT4/\1+.53"!N%�WZ')(Q6�,h/\!NP�� q
y q �x(Q6UT".93"!m/\�".9,^,h#&,`/\!N6b1[/\.5A-!B'`')(Q'^.53��&*"1+%"'\1[/\*"'`! J .9/)�;/)�"!-(I/\�"!N'b,`#&,h/\!B6o1I/).5A-1+3"%�,h/21[�/\.9,`/\.9A_1+O !B'`')(Q'`,t1+34%�*",`!^/)�"!aAB!N3C/)'\1+O�MI1+O9*"!~(QT4/\1+.53"!N%�WZ'`(Q6 �^1+,>/\�"!aAN(Q3"AB!N3c/\'\1[/\.5(+3�1+34%
1+,),`({AN.�1I/)!B%m*"3"AN!B'h/21+.93C/j#�WZ(+' !_1+A2�-1+,),)1_# q
� 1+T"O9! z q � ,)�"( J ,u/\�"! ,h#{,h/\!N6b1I/).5A !N')')(+'),u%"*"!X/)(d*43"AB!N'`/21I.53c/j#~.53U/)�"!�').9]�Ts1+A�
C]Q')(+*"3"% q � �4!AB!B3c/)'\1+O�M+1IO5*"!^(+W /\�4!�AB(Q34AB!B3c/)'\1I/).5(Q3�WZ(+'V/\�4!�1+,`,\1_#�*",`.53"]-/\�"!o6o!B1+,)*"'`!B%�Ts1IA�
&]+')(Q*"34%�.5,U1IO5,)(

]Q.9M+!B3 q � ,xAB1+3bTw!8,`!B!B3oWZ')(Q6 � 1+T"O9! z q � F /\�"!$Ts1+A�
C]Q'`(Q*"3"% ¡ *"AN/)*s1I/).5(Q3",x1+P"Pw!_1+'u/\(V�s1_MQ!<�s1+%�1I3! ,R!BAN/x(Q3 A � p!A 1+,`,\1_#&, q � �"!K(+T",)!N'`MQ!N%m%".�,R!B'`!B3"AN!B,X1I')!8.93"ABO9*"%"!N%�1+,X1I3�1+%"%4.9/\.9(Q3s1+Os,h#&,`/\!N6b1[/\.5A(Q3S/\�4!t�s3s1+OL(<� .�� 3&*46UTR!N'),�1I3"%Y1+')!t1+%"%"!N%�.53 �&*"1+%"'\1[/\*"'`!t/\(b/)�"!U(+/)�"!B'<,`#&,`/)!B6o1I/\.9AU!B'`')(Q'`, q� �".5,�O5!B1+%",�/\(d.53"AN')!B1+,)!N%�,`#&,`/)!B6o1I/\.9A�!B')'`(Q'),uWZ(Q'�1+O9O9(<� . � 1+,),)1?#&,�*"Po/)(U1+3"%^.534ABO5*4%".53"] � B � � & q�n.5]Q*4')! z q | ,)�4( J , 1XAB(+6oPs1I').5,`(Q3�Tw!N/ J !B!B3V')!N,)*"O0/\, J .9/)�>1+3"% J .9/)�"(Q*4/�/)�"!u1+%"%".0/\.9(Q3s1+O[,`#&,`/)!B6o1I/\.9A q� �".5,�O5!B1+%",�/\(d.53"AN')!B1+,)!N%�,`#&,`/)!B6o1I/\.9A�!B')'`(Q'),uWZ(Q'�1+O9O9(<� . � 1+,),)1?#&,�*"Po/)(U1+3"%^.534ABO5*4%".53"] � B � � & q
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K5 CABLE−MIDDLE
(Leaking counter)

20 cm

114 cm

176 cm

K5 ANCHOR−MIDDLE

65 cm

155 cm

25 cm

UPPER LOWER 
HOTSPOT HOTSPOT
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