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B�CEDGFIHKJ�LNM�OQPGRTSVUWYX[Z C\OQD[]^S%D�B�]^S_H`UR Z F\RTS%Ma]^ScbTDGSed Z DGfgDGSThYJif�j%LkD[lcbTDGFQmAj_n
O\]^fg]NDGF\RTS%M,oqp/]NDGF*PGR@r#DGF*bTDGS�P[DGS_O`F W LkDtsuD[MiFv]xwyDQRTS%bazyR%C W f�fgDGS Z UW S%M�DEDGF*LKUW R%O\DGF*O
RTS%b{mAj%O\]^fg]NDGF\RTS%M W LNC}|qFvJ�P[D[C\C}~�D[C X�Z Fv]kDG~�DGSVoV��S%C X�Z LN]NDG�YDGS%b�r#DGF*bTDGSE��DGF*C X[Z ]ND[bTD�n
S%D�mAj%O\]^fg]NDGF\RTS%M�C���DGFIH W�Z F*DGS���JiF*M_D[C\O\D[LNLNO}RTS%b���L W C\C\]���h W O�]kJ%S%C`fQUJ�M�LN] X[Z hYD[]NO\DGS Z ]^S_n
C\] X�Z O\LN] X�Z ] Z F*DGFqB�]kM_DGS%C X�ZTW H�O\DGS�RTS%b�B�]^S%C W O�P[M�DG~%]ND[O\D}DGF�UJiF*O\DGF*O�oG�ADGS�A~%C X�Z L^R%C\C�~%]NL�n
bTDGS�b,F*D[]uD[liDGf�j%L W F*]NC X�Z �_JiF*M�D[C\O�D[LkLNO\DE�AS�r#DGS%b,RTS%M�C`~�D[]NC`j%]ND[LkD W R%C��DGF*C X[Z ]ND[bTDGS%DGS
r�]NC\C\DGS%C X[ZTW HKO\LN] X[Z DGS��A]NC\P[]^j%Lk]^S%DGS�o
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¤ ¥}¦¨§V©�ª«£¬®_« §�¯ °
± o ± �ADGF�suD[MiF*]�w�²�mAj%O\]^fg]NDGF\RTS%MT³QoAoAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo ´
± ox´ |qF*J%~%LkDGf�F*DGjTF[UW C\DGS_O W O�]kJ%SQRTS%btµ�JibTD[LNLN]NDGF\RTS%M oAoAooAo�oAoAooAoAo ¶
± ox¶ · UJ�C`RTS%MERTS%b{BqS_O\C X[Z D[]Nb,RTS%M¸oAoAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo ¹
± oº¹ mAj%O\]^fg]NDGF\RTS%M W LNC}|uF*J�P[D[C\Cco�oAoAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo ¹

° »½¼�¾G¦¨¿À¦ÂÁ _« §�¯VÃ[ÄVÁ  ©IÅ ¬® Á�§ Æ
´To ± �}LNLNM�DGfgD[]^S%D[C;oAoAo�oAooAoAo�oAoAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo Ç
´Tox´ µ W O Z DGf W O�]kC X�Z D�RTS%b�SiRTfgDGFv]kC X�Z DÈ�DGFIH W_Z F*DGS8oAoAooAo�oAoAooAoAo É
´Tox¶ Ê%O\J X�ZTW C�O\] X�Ë O\DGF W O\]N��D�µ�D[O Z J%bTC ooAoAo�oAoAo�oAoAooAo�oAoAooAoAo Ì

Í Î�§,ÏgÁ,§yÐ « §V¯,Á�§ ¤TÑ
¶To ± UÒ}~�DGF\~%LN] X h o�oAoAo�oAooAoAo�oAoAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo ±GÓ
¶Tox´ Ê%O\DGR%DGF\RTS%ME��JiSQ� W S W LÔS%D[O�P[DGS3oAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo ±GÓ
¶Tox¶ p����;|qF*J�P[D[C�C\Jij%O\]^fg]NDGF\RTS%M oAoAooAoAo�oAoAo�oAoAooAo�oAoAooAoAo ±�±
¶Toº¹ µ�JibTD[LNLN]NDGF\RTS%MthiR%LNO`RTFvD[LkLNDGFABuS�O*r�] X h�L^RTS%M�oAoAo�oAoAooAo�oAoAooAoAo ± ¶
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Ë S�,�·V]NO.-�´0/9r/]ÔFvbQbTD���S%]kDGFvO21
² Ò}S_O\DGF�mAj%O\]^fg]NDGF\RTS%Mt��DGFvC\O\D Z O�f W SQD[]^S%D�|�L W S%RTS%MQD[]^S%DGFABqS_O\C X[Z D[]�n
b,RTS%M�CvH¨F W M�D[C\O\D[LNL^RTS%M}]^S bTDGF�3�D[]NC\D#4�b W C\CyD[]^S%D�~�D[PiUR%M�LN] X�Z D[]^S%DGF�M�D[r�UW�Z L�n
O\DGS�zV]ND[LkC�D[O\PGRTS%MgJij%O\]^f W LND65K~TD[C\O�D27���LkO�DGF\S W O\]N��D W R%C�D[]^S%DGF98#D[] Z DA��JiS
��LNO\DGF\S W O\]N��DGS�~TD[C\O�]Ôf�f�O/r�]^F*byoN³

Ë f ·V] X[Z O�DQbT]kD[C�DGFg�AD���S%]NO\]NJiS4h,UJ%STS�O\DQf W S bTDGS4suD[MiF*]�w mAj%O�]Ôf½]kDGF�RTS%M�C`jTF*Ji~%LNDGf
C\] X�Z DGFC\D Z Fr#D[]NO�H W C\C�DGSVo Ë C�O�D[O*r W bT]ND;:VF W M�D[C�O\D[LNLÔRTS%M ² 3�D[L X�Z DGS<:�]NL^f�C\D Z DE] X�Z
fg]^F Z DGR%O\D�]^f ��]^S%J W S�=Y³�D[]^S mAj%O�]Ôf½]kDGF�RTS%M�C`jTF*Ji~%LNDGf6=>3c]ND�]ÔSebTDGFE�AD���S%]NO\]�n
JiSEM�D[rgURTS%C X[Z O�C\O\D[LNLNO}bT]ND[C\D?:VF W M�D#4T~%P[r�oTbTDGF/PGR%M�D Z UJiFv]kM_D�BqS_O\C X[Z D[]Nb,RTS%M�C`jTF*J_P[D[C\C24
D[]ÔS%D��AR%C\r W�Z L�D[]^S%DGF��}LNO\DGF\S W O\]N��D@5 D[]^S%D[CQ~TD[C\O�]Ôf�f�O�DGSA:�]NL^fgC.7ERTS�O\DGF�fgD Z F*DGF*DGS
µ!UJ_M�LN] X[Z hYD[]NO\DGS 5 W LNLkDGSB:�]kL^fgDGS½]Ôf;��]^S%JijTFvJ�MiF W f�f67yb W F[o23 W C�C*D[bTJ X�Z ]NC\O£bT]ND}zV]ND[L�n
C\D[O\PGRTS%MD=QÒ�S%b�r�]ND�h�UJiSTS%DGS �}LNO\DGF\S W O\]N��DGS�Ji~EC*DGh_O\]N�{�_DGF*M�LN] X�Z DGS r#DGF*bTDGS�4yC\J%b W C\C
W f Ê X[Z L^R%C\C#D[]ÔS%DA²YsuD[C\O\DY³�~�D[C\O\]^f fOqr#DGF*bTDGSEh W STS�=AsqD[]�bTDGFu��R%C\r W�Z LTbTD[C9:�]NL^fgC
h UJiSTS%DGSB: W h_O\JiF*DGS r�]ND�bT]ND}· UW S%M_D�bTD[C):�]NLÔf½C24YC\D[]^S suDGh W STS_O Z D[]NO\C\M%F W b
4�bT]ND}Ê X[ZTW R_n
C`j%]ND[LkDGFF49bT]NDQ�AF*]NO\]^hYDGS�4£bT]ND��AS_H W S%M�C*n}J%bTDGFgBqS%bTP[D[]NOgD[]ÔS%D�8#J�LNLNDEC`j%]ND[LkDGSVouzV]ND[Lq]NC\O
D[C24,C�] X[Z D[]^S%DGS�fQUJ�M�LN] X[Z C\O�RTS_O\DGF ZTW LkO�C W fgDGS���~�DGS%b�PGRtf W X�Z DGSVoV·VD[]NbTDGFA]NC\O�bT]ND[C\D
zV]ND[LkC�D[O\PGRTS%M{S%RTF�C X[Z LkD X[Z OAPGR GTR W S_O\]��,P[]NDGF*DGSVoyB�]^S%DGS�²�Jij%O\]^f W LNDGS�³6:�]NL^f H`URTF�bTDGS
��~�DGS%b4M�]^~%O�D[CgS%] X�Z OGo Ë fH:,J_LkM_DGS%bTDGS�r#DGF*bTDGS r�]^FgRTS%C W LkC�J W R_H�|uF*Ji~%LNDGfgDQ~TD�n
C X�Z F�UW SThYDGS�4y~TD[]ubTDGS%DGS���LNO\DGF\S W O�]k�_DGS�Ji~EC*DGh�O�]k��fg]NO\D[]^S W S%bTDGF��DGF*M�LN] X[Z DGS�r#DGF*bTDGS
h,UJiSTS%DGSVo

Ê%D[]/H URTF�D[]^S%DÀBuS�O�C X�Z D[]Nb,RTS%M�CvH¨F W M�D[C\O\D[LNL^RTS%MaD[]^S%D�µ�DGS%M�DJI ��JiS4f UJ�M_Lk] X[Z DGS
�}LNO\DGF\S W O\]N��DGS@M�D[M�DG~�DGSVo B�]^S%D;:VRTSTh�O\]NJiS<I KMLN4TbT]ND?C'D[bTDGF��LNO\DGF\S W O\]N��DED[]^S%DGS
F*D[D[LNLkDGSO3�DGF*OgPGR_r�D[]NC\O04 Z D[]^�YO�zV]ND[L�H RTSTh�O\]NJiSVo�µ{]NOgbT]ND[C\DGFg�AD���S%]NO\]NJiS h,UJiSTS%DGS r�]^F
C'D[O\P[O W LNC\JEbTDGS�suD[MiF*]�w�bTD[C�mAj%O\]^fg]NDGF\RTS%M_C`jTF*Ji~%LNDGfgCD[O'r W C�f W O Z DGf W O\]NC X�Z DGF/M�D�n
C\O W LNO\DGS�1

B�]ÔSEmAj%O\]^fg]NDGF\RTS%M�C�jTF*Ji~%LNDGf ~�D[C\O\D Z O W R%CuD[]^S%DGF#µ�DGS%M�D���JiS½�}LNO\DGF\S W n
O\]N��DGSNI RTS%bED[]^S%DGF#PGR�f½]ÔS%]^fg]NDGF*DGS%bTDGS<5Kf W l%]^fg]NDGF*DGS%bTDGS�7�zV]ND[L�H RTSThYn
O\]NJiS�PQ1#IMKRLEo

p�]NDGF\~�D[]�h W STSgbT]ND���S%P W_Z LTbTDGF£�}LNO\DGF\S W O\]N��DGSgC\D Z F�h_LND[]ÔSQ5 P�oxs�o0S W J%bTDGF"T�D[]^S�7�J%bTDGF
C\D Z F£MiF*Ji�U5 P�oxs�o[bTDGF+LWVX7�C\D[]^SVo�� W bT]ND#µ�DGS%M�D#bTDGFy��LNO\DGF\S W O\]N��DGSJYHKOyD[]^S%D}Ê%O`F�RTh�O`RTF
ZTW O24TC`jTFv] X[Z O}f W S W R X[Z ��Jif zV]ND[LxH RTSTh_O\]NJiS%C*n.4yÊTR X[Z n�J%bTDGF�·�UJ�C`RTS%M_C`F W RTfQo
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3�DGSTS�f W SQ]^S�bTDGFA|qF W li]NC���JiF#D[]^S%DGf mAj%O\]^fg]NDGF\RTS%M�C`jTF*J%~%LkDGf C\O\D Z O24Vf�R%C�C�f W S
C\] X�Z PGRTS UWYX[Z C\O�b W F URT~TDGF�h_L W F�r#DGF*bTDGS�4�]^S;r#D[L X�Z DGF :,JiF\f f W S bT]ND BuS�O�C X�Z D[]�n
b,RTS%M�C`fQUJ�M_Lk] X[Z hYD[]NO\DGS f W O Z DGf W O�]kC X�Z b W F*C\O\D[LNLNOGoAÒ}f b W C�|qF*J%~%LkDGf URT~�DGF ZTW RTj%O
D[]ÔS%DGf mAj%O�]Ôf½]kDGF�RTS%M�C`jTF*J�P[D[C�CtPGR%M,UW S%M_Lk] X[Z PGRaf WYX�Z DGS�4#fgR%C\CED[]ÔS%D�C\J_L X[Z D�|qF*J n
~%LkDGf�F*DGjTF[UW C\DGS_O W O�]kJ%S�M�D�H RTS%bTDGS�r#DGF*bTDGSVo£p�]NDGF\~�D[]�r#DGF*bTDGS :�F*D[] Z D[]NO\C\MiF W bTD�b,RTF X�Z
È W F*] W ~%LNDGS�b W F*M�D[C\O\D[LNLNOGo��A]kD[C�D�È W Fv] W ~%LkDGS@h UJiSTS%DGS�~TJ%J�LND[C X[Z D#4�S W O URTF*LN] X�Z D#4�M W S%P[D
JibTDGFgF*D[D[LNLNDtz W�Z LNDGS@C\D[]^S�4£]^f8��LNLNM�DGfgD[]^S%DGS4M�D Z O�f W S��_JiS�F*D[D[LNLNDGSaz W_Z LkDGS W R%CGo
p W O f W S�D[]^S%Dt|qFvJi~%LNDGf F*DGjTF[UW C�DGS�O W O\]NJiS@b,RTF X[Z�� :�FvD[] Z D[]NO\C�MiF W bTDQM�D�H RTS%bTDGS�4�C\J
DGF Z UW LNO�f W SEbTDGSNL�V W LNC}zV]ND[L�H¨RTSTh_O\]NJiS%C`F W RTfQoyp�]NDGF*PGR�D[]^StsuD[]NC`j%]ND[L 1

B�]^S�: W ~TF*]^h W S_O24VbTDGF��Aj_H�D[LNC W HKO Z DGFvC\O\D[LNLNO24Vr�]NLNLqbT]ND[C\DGS���DGF�j WYX h DGSVoyÊ%D[]ÔS%D�µ W n
C X�Z ]^S%DGS h�UJiSTS%DGSUGTR W bTDGFIH\UJiF\fg]NM�D#| W jTj��_DGF\j WYX hiRTS%M�DGS Z DGF*C\O\D[LNLNDGSVo��A]ND���J�C\O�DGSAbTDGF
È�DGF\j WYX hiRTS%M�DGS Z UW S%M�DGS���Jif6��DGF\~TF W R X�Z O\DGSgµ W O\DGFv] W L W ~VoiBuF�r�]NLNLVD[]ÔS%DAfQUJ�M_Lk] X[Z C\O
~%]kLNLN]NM�D4È�DGF\j WYX h%RTS%M4C\D[]^S%D[Ct�Aj_H�D[LNC W HKO\D[C�DGS�O*r#DGFIHKDGSVo�p/]NDGF*PGRcC\O\D[LNLNOQDGFQ·�UW S%M_D�� 4
s�FvD[]kO�D��ARTS%btpUJ Z D���bTDGF#È�DGF\j WYX hiRTS%M W LNC}F*D[D[LNLND?3�DGF*O\DAb W F[o,BqFuDGF Z UW LkO�D[]^S%D�PGR
fg]^S%]Ôf½]kDGFvDGS%bTD���J�C\O�DGS_H¨RTSTh_O\]NJiSNP 5���� �!� � 7+1#L#""KRLEo`µ�]NOqbT]ND[C\DGF98#DGjTF�UW C\DGS_O W O\]NJiS
]kC�O}bT]ND�|uF*Ji~%LNDGfgC\O�D[LkL^RTS%M W ~TDGF�S%] X[Z O W b UW GTR W O}~�D[C X[Z F*]NDG~TDGSVo9z�RTf D[]^S%DGS{h UJiSTS%DGS
bT]kD@µ W C X[Z ]^S%DGScbTD[C{p/DGF*C\O\D[LNLNDGF*C�S%RTFQÈ�DGF\j WYX h%RTS%M�DGSc��JiS Z UJ X[Z C\O\DGS%C�´ Ó�Ó f f
p�UJ Z D Z DGFvC\O\D[LNLNDGSVoyzyRTf W S%bTDGF*DGSEC�J�LNLybT]ND�È�DGF\j WYX h%RTS%M�M�DGS W R ±GÓ�Ó�Ó fgLV�Aj_H�D[LNC W HKO
H W C�C\DGSVo,BqF DGF Z UW LNO T/DG~TDGS%~TD[bT]^S%MiRTS%M�DGSÀH`URTF C\D[]^St|qFvJi~%LNDGf�1

�%$a´ Ó�Ó'& �)(�´ Ó�Ó $ Ó �+*���*,�.- ±GÓ�Ó�Ó'& �+*,�/*,�0( ±GÓ�Ó�Ó - Ó o

�A]kD[C�D ��FvO}��J%SJT/DG~TDGS%~TD[bT]^S%MiRTS%M_DGS Z D[]Ô� DGS W R X[Z 8#D[C\O`Fv]Ôh_O\]NJiS%DGSVo�µ W Sth_L W C\C\]��Tn
P[]kDGFvO�C�]kDQS WYX[Z ,x| W j�- ± / W LkC Ò�S%M�LND[] X�Z RTS%M�C`S%DG~�DGSi~�D[b,]^STMiRTS%M_DGS 5 Ji~%]NM�D ± o9suD[bT]^S_n
MiRTS%MD7£bTDGF+:,J%F\f���5�1 72$ Ó RTS%b03ALND[] X�Z RTS%M�C`S%DG~�DGSi~�D[b,]^STM%RTS%M�DGS�5 Ji~%]NM�D�´To�suD[bT]^S_n
MiRTS%MD7�bTDGF :,JiF�f�4#5�1�75- Ó o�p/]NDGF\~TD[]VC\]^S%b6��RTS%b64):�RTSTh_O\]NJiS%DGS �_JiSUL�V K L o28#D�n
C\O`F*]^h_O\]NJiS%DGSEO\D[]NLNDGSQbTDGSQÊTR X[Z F W RTf ]^SED[]ÔS%DGS�PGR%LKUW C\C\]NM�DGS�RTS%bQD[]ÔS%DGSQS%] X[Z O/PGR%L�UW C\C\]�n
M�DGS4suDGF*D[] X�Z D[]ÔSVo��ADGFgPGR%LKUW C\C\]NM�DtsuDGF*D[] X[Z DGS_O\C`jTF*] X[Z O b W STS@bTDGFgµ�DGS%M�D I bTDGF
�}LNO\DGF\S W O\]N��DGSVo

m/HKO�h UJiSTS%DGS@bT]ND zyR%C W f fgDGS Z UW S%M_D ~�D[] mAj%O�]Ôf½]kDGF�RTS%M�C`jTF*Ji~%LNDGfgDGS S%] X�Z OgD[l�n
W h�O04#C\JiS%bTDGF\S S%RTFQ�_DGF*D[]^S_H WYX[Z Otb W F*M_D[C\O\D[LNLNOtr#DGF*bTDGSVo�µ W S X[Z f W LAC�]ÔS%b(bT]ND�zyR_n
C W f fgDGS Z UW S%M�D W R X�Z S%] X�Z OA��J�LNLNC\OGUW S%bT]NM�~TDGh W STS�OAJ%bTDGF���DGF*C\O W S%bTDGSVo,� W STS{fgR%C\C
bT]kD�|uF*Ji~%LNDGf F*DGjTF UW C\DGS�O W O\]NJiS@bT]ND�O W O\C UW X�Z LN] X�Z DGS zyR%C W f�fgDGS Z UW S%M�D W jTjTF*JYli]^fg]ND�n
F*DGSVo��A]ND[C\Dt�_DGF*D[]^S_H WYX[Z DGS%bTD�� W F*C\O�D[LkL^RTS%M�S%DGSTS_OQf W S@�A~%C\O`F W h_O\]NJiSVo Ë S Ji~%]NM�DGf
sqD[]NC`j%]ND[L}~%LND[]^~%O P�oxs�o�bT]kDE�AR%C`~TDGR%L^RTS%M@bTDGF�| W jTj_��DGF\j WYX h%RTS%M{RTS%~TDGF�UR X h�C�] X[Z O\]NM�O24
bTDGF�p/DGF*C\O\D[LNLNDGFEM�D Z O ��JiS@D[]^S%DGFED[l W h_O\DGS87AR W bTDGFIHKJiF\f W R%CGo��A]ND�:,JiF\fgR%LN]NDGF\RTS%M
D[]ÔS%D[CQ|qFvJi~%LNDGfgC W LNC�mAj%O\]^fg]NDGF\RTS%M_C`jTF*Ji~%LNDGf Z D[]^�YO�µ{J%bTD[LNLN]kDGF�RTS%M,o 8 DGjTF[UW C\DGS_O W n

¶



O\]NJiS 5�D[O'r W b,RTF X[Z D[]ÔS%DA:VRTSTh�O�]kJ%S PH1�L V K L?7 4qRTS%b 8#D[C\O`Fv]Ôh_O\]NJiS%DGS 5 P�o�s}o
4��61 LUVJK L��4��#- Ó ~%P[r�o����61 LUVJK L������0$ Ó 7 ~%]NLNbTDGS b W CEµ{J%bTD[LNL�bTD[C
|qF*Ji~%LNDGfgC�oi�ADGF#BuS�O*r}RTFIHyD[]^S%D[C�M�D[D[]NMiS%D[O�DGS µ�J%bTD[LkLNC�]NC\O#D[]ÔSEr/] X[Z O\]NM�D[C�RTS%btRTS�O\DGF
Ò}fgC�OGUW S%bTDGS�C\D Z F�C X[Z r�]NDGF*]NM�D[C}|qFvJi~%LNDGfQo Ë f J%~%]kM_DGS�suD[]NC`j%]ND[L9h W STS D[O*r W bT]ND���S_n
P W�Z LqbTDGFÈ W F*] W ~%LNDGS%5 bT]NDEC\JtM_DGS W STS�O�D�|qF*J%~%LkDGf½bT]Ôf½DGS%C\]NJiS�7�RTf D[]^S%C�F*D[b,R%P[]NDGF*O
r�DGFvbTDGS�49b W C\] X[Z b,RTF X[Z bT]ND{suD[bT]^S%MiRTS%M�� * � * � - ±�Ó�Ó�Ó bT]NDts#F*D[]NO\DQbTDGFÈ�DGFIn
j WYX h%RTS%M W R%C�·�UW S%M�D�RTS%b�p�UJ Z DADGFvM�]^~%OGoT�AR X�Z ]kC�O�D[C}fQUJ�M_Lk] X[Z 4Tb W C\C/bT]kDM�DGS W R%DGS
f W O Z DGf W O\]NC X�Z DGSzyR%C W f�fgDGS Z UW S%M�DuP[r�]NC X�Z DGSÈ W Fv] W ~%LkDGSgRTS%bgzV]ND[LxH RTSTh_O\]NJiS S%] X�Z O
~TDGh W STS�O�C\]^S%byo,� W C�µ�JibTD[LNL�h W STS�b W STS W R%C/D[]ÔS%DGF�Ê%]^fgR%L W O\]NJiS%C*n�JibTDGF/È�DGF*C`R X[Z C*n
RTfgM�DG~TRTS%MQ~TD[C\O\D Z DGS�4V~TD[]£bTDGF#bTDGF�zV]ND[L�H¨RTSTh_O\]NJiS%C\r#DGF*O�]^SQ�A~ Z UW S%M�]NMihYD[]NO���JiSEbTDGF
sqD[LND[MiRTS%MEbTDGF/È W F*] W ~%LNDGS�SiRTF#M_DGfgD[C\C\DGSEr#DGF*bTDGS�h W STSVo
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Ò}f PGR�D[]ÔS%DGF�M_D[D[]kM%S%D[O\DGS�·�UJ�C`RTS%MEPGR�hYJif fgDGS�4�r�DGS%bTD[O�f W SED[]^S�bTDGF}|uF*Ji~%LNDGfn
F*DGjTF[UW C\DGS_O W O�]kJ%S W S%M�DGfgD[C�C\DGS%D[C�È�DGFIH W�Z F*DGS W SVo£mAj%O\]^fg]NDGF\RTS%M�C\��DGF'H W�Z FvDGS�r#DGF*bTDGS
W R%C*H`UR Z F*LN] X[Z ]^f SVUWYX�Z C�O\DGSt� W j%]NO\D[L£bT]NC`h%R%O\]NDGF*OGoV��LkC�BuF*M�DG~TS%]NC�D[]ÔS%D[CAC�J�L X�Z DGS�È�DGFIn
H W�Z FvDGS%CQDGF Z UW LNO f W S D[]ÔS%D�J%bTDGFQfgD Z F*DGF*D�·�UJ_C`RTS%M�DGSVo Ë f : W LkLND�bTDGF�8 DGjTF[UW C\DGS_n
O W O\]NJiS�b,RTF X�Z � F*D[D[LNLNDtÈ W F*] W ~%LNDGS W LNC\JtÈ�DGh_O\JiF*DGS bTD[C?L V 4�bT]kDQM_D[M�DGS�h D[]ÔS%DEbTDGF
8#D[C\O`F*]^h_O\]NJiS%DGS ��DGF*C\O�Ji�YDGSVo��ADGS ��~%C X[Z L^R%C\CEbTD[CtmAj%O\]^fg]NDGF\RTS%M�C`jTF*J_P[D[C\C\D[Ct~%]NLNbTD[O
bT]kDgBqS_O\C X[Z D[]Nb,RTS%MEH`URTF#D[]^S%DJij%O\]^f W LND�·�UJ�C`RTS%M W S ZTW S%btbTDGF�|uF*Ji~%LNDGfgC\O\D[LNL^RTS%M,o
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T WYX[Z bT]ND[C\DGSeÈ�JiF�URT~�DGF*LND[MiRTS%M�DGSeL�UW C\C\OQC\] X[Z HKJ�LNM�DGS%bTD[Ct�A] W M%F W f f W LNCtÊ X[Z DGf W
H`URTF/bTDGS���~%L W R_H#D[]ÔS%DGFmAj%O\]^fg]NDGF\RTS%M W S%M�DG~�DGSVo 5�T WYX�Z ,x·V]NO.-�´X/ 4,Ê X[ZTW RT~%]NLkb@D[O*r W C
��DGF*D[]^S_H W X�Z O.7

|uF*Ji~%LNDGf

È�DGFIH W_Z F*DGS

µ�J%bTD[LkL

mAj%O\]^f W LND
· UJ�C�RTS%M 5 DGS�7

mAj%O\]^fg]NDGF*O\D
BuS�O\C X�Z D[]Nb,RTS%M�

�

�
�

�

��~T~%]NLNb,RTS%M ± 1%È�JiFvM�D Z DGS%C\r#D[]NC\D�~�D[]9bTDGF�mAj%O�]Ôf½]kDGF�RTS%M�4yS WYX[Z ,x·V]NO.-�´0/
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3 ]NDuM�D[L W S%M�O�f W S���JiS D[]^S%DGf µ�J%bTD[LkL%PGRAD[]^S%DGF£J%bTDGF9f½D Z F*DGF*DGSAJ%j%O\]^f W LNDGSg·�UJ�C`RTS_n
M�DGS�=

B�]ÔS�mAj%O\]^fg]NDGF\RTS%M�C\�_DGFIH W_Z F*DGSQ]NC\O�D[]^S%Dgµ�D[O Z J%bTD#4 W R%C\M�D Z DGS%bt�_JiSED[]�n
S%DGf f W O Z DGf W O\]NC X�Z DGS½µ{J%bTD[LNL�4 f½]kO�O\D[LNC W LkM_JiF*]NO Z fg]NC X[Z DGf JibTDGF Z DGR_n
F*]NC\O�]kC X�Z DGfeÈ�JiF*M�D Z DGS�4�·�UJ�C`RTS%M�DGSfg]NO9fg]^S%]^f W LNDGf 5Kf W li]^f W LNDGf67 :�RTSTh n
O\]NJiS%C�r�DGFvO�PGR ��S%bTDGSVo

p�]NDGF\~�D[]T]kC�O�D[C9]^f URT~TF*]NM�DGS RTS%DGF Z DG~%Lk] X[Z 4�Ji~ D[]^S%D :�RTSTh_O\]NJiSgfg]^S%]^fg]NDGF*OqJ%bTDGF9f W li]�n
fg]NDGF*O9r#DGF*bTDGSC\J_LkL ��D[]^S%D�µ�]^S%]^fg]NDGF\RTS%M��_JiS�Pg]NC\O£b W C\C�D[LÔ~�D�r�]ND#D[]^S%D�µ W l%]^fg]NDGF\RTS%M
��JiS ( P£o,z�RTF��AR�� S%b,RTS%MQbTD[CAB�l%O`F*DGfgRTfgC�C\O�D Z O�]^S�bTDGF W LNLkM_DGfgD[]^S%DGS�mAj%O\]^fg]ND�n
F\RTS%M�C\C\]NO`R W O\]NJiS�S%RTFD[]^S�µ�]NO\O\D[LuPGRTF�È�DGF'H`UR%MiRTS%M 49SVUW fgLN] X[Z b W C UÒ�~TDGF\jTF�UR_H�DGS@��J%S
· UJ�C`RTS%M�DGS�4 W LNC\J bT]NDg�AR%C\r#DGF*O`RTS%MJ5 J%bTDGF#µ�D[C\C`RTS%ME7#bTDGF}z®]kD[L�H RTSTh�O�]kJ%SJP W SED[]^S%DGF
Ê%O\D[LNLkD01
	NL V o

È�DGFIH W�Z F*DGS4h_L W C\C\]��,P[]NDGF*Otf W S@]^S �}LNM�JiFv]kO Z fgDGSaRTS%bcp�DGRTF*]NC\O�]Ôh DGSVoq��LNM�JiF*]NO Z n
fgDGS O�DGF\fg]^S%]NDGF*DGS�4%r UW�Z F*DGS%b�p/DGRTF*]NC\O\]^hYDGSEb W C�S%] X�Z OqO�RTS�4if W S�~TF*] X�Z OqC\]ND W S ZTW S%b
D[]ÔS%D[CuM�D[D[]NMiS%D[O\DGS�4 W ~�DGFy�_Jif È�DGF'H W�Z FvDGSA]^SbTDGF"8#D[M�D[LTRTS W ~ Z UW S%M�]NM�DGS �AFv]kO�DGF*]^RTfgC24
D[O'r W D[]ÔS%DGF HKD[C\O\DGS ��S%P W_Z L��_JiS�zV]ND[L�H¨RTSTh_O\]NJiS%C W R%C\r#DGF*O`RTS%M�DGS�4 W ~Vo B�]^S%D�r#D[]NO\DGF*D
r�] X�Z O\]NM�D�B�]NM�DGS%C X�ZTW HKO#��JiSEp�DGRTFv]kC�O\]^hYDGSE]NC\O24%b W C\C#C\]ND�hYD[]^S%DAJij%O\]^f W LkDGSQ·�UJ�C`RTS%M�DGS
M W F W S_O\]NDGF*DGSVo#B�]^S%]NM�D�DGF\FvD[] X[Z DGScC\O�D[O\C MiR%O\D�·�UJ_C`RTS%M�DGS�4#r�]ND�D[O*r W :�]klTjTRTSTh_O\]NO\D�n
F W O\]NJiS%DGS W R_HgM�D[D[]NMiS%D[OtC\O�F\RTh�O�RTF*]NDGF*O\DGS>:�RTSTh_O\]NJiS%DGSVo}p/]NDGF\~TD[]gh,UJ%STS%DGS mAj%O\]^f W
C\J�M W F#~�D[Lk]NDG~%]NMtM_DGS W R W jTjTFvJ�l%]^fg]NDGF*O�r�DGFvbTDGSVo,suD[] W S%bTDGF*DGS�p�DGRTF*]NC\O�]Ôh DGS{h�UJiSTS%DGS
· UJ�C`RTS%M�DGS<5 ]^f r#JiF*C\O XGW C�D27#C\D Z F#C X[Z LND X�Z O�C\D[]^SVo

Ë f D[]^S_H WYX[Z C\O\DGS�: W LNLqh�UJiSTS%DGS�H`URTF�D[]^S%D�mAj%O�]Ôf½]kDGF�RTS%M�C W R_HKM W ~�D W LNLND µ4UJ�M�LN] X�Z n
hYD[]NO\DGS�b,RTF X[Z jTF*Ji~%]NDGF*Ogr#DGF*bTDGSVoyÊ%O\D Z O�H`URTF bT]ND�mAj%O\]^fg]NDGF\RTS%M�D[]^S��#J%f jTR%O\DGF�PGRTF
È�DGFIH`UR%M%RTS%M�4YC\J�h W STS�bT]ND[C\D[CuÈ�DGFIH W�Z F*DGS�4YbT]ND���J�LNLNC\OGUW S%bT]kM_D}BqS%RTfgDGF W O�]kJ%S�4�S%J X[Z ~TD[]
fgD Z F*DGF*DGSgµ�]NLNLN]kJ%S%DGSQJ%bTDGF�M W F£µ�]NLNLN] W F*bTDGSQSVUJ�O\]NM�DGSg�AR%C\r#DGF*O`RTS%M_DGSgC\]^STS��_J�LNL,C\D[]^SVo
3 UW F*D�bT]ND[C\D[C#È�DGFIH W�Z F*DGSg]^f fgDGF W S_r�DGS%b,~ W F 4�C\JArUW F*D}mAj%O\]^fg]NDGF\RTS%M hYD[]^S�C X[Z r�]ND�n
F*]NM�D[C�|qF*J%~%LkDGf�o,��LNLkDGFvbT]ÔS%M_C�C\]^S%b�ÊTR X[Z F[UW RTfgD]^StbTDGFW8 D[M�D[L S%] X[Z OADGS%bTLN] X[Z oy�A~TDGF
C\D[L^~%C\O9DGS%bTLN] X[Z D}ÊTR X�Z F UW RTfgD#4�D[O'r W ~TD[]T|qFvJi~%LNDGf F*DGjTF UW C�DGS�O W O\]NJiSAb,RTF X[Z ~%]^S UW FvDqÈ W n
F*] W ~%LNDGS�4�h,UJiSTS%DGS PGR�MiF*Ji� C\D[]^SVo 3�DGF*bTDGS D[O'r W ~�D[]^f ~�DGh W STS_O\DGS?8�R X h�C W X h%jTF*Ji~%LNDGf
bT]kD � mA~ C'DGh_O\DEb,RTF X�Z ± 5�D[]ÔSTj W X hYDGS�7J%bTDGF Ó 5KS%] X[Z OgD[]^STj WYX hYDGS�7gF*DGjTF[UW C\DGS_O\]NDGF*O24
C\JgDGF*M�DG~TDGS�C\] X�Z ´ V�f UJ�M�LN] X[Z D�· UJ�C�RTS%M�DGSVoT� W C#C\]^S%btD[O*r W H URTF � - ±�Ó�Ó�Ó PGRE�%]ND[LND#4
RTf W LNLkD W R%C\PGRTjTF*Ji~%]NDGF*DGSVo£B�]^S%D ²�D[]ÔS_H WYX[Z DY³�·�UJ�C`RTS%MQ]NC\OQURT~�DGF*bT]ND[C W R X�Z S%] X[Z OAPGR
DGF*r W F*O\DGS�4%b W C�b W C}|qF*J%~%LkDGf W LNC���/n ��J�LNLNC\OGUW S%bT]kMQ~TDGh W STS_O}]NC\OGo
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��L W C\C\]NC X[Z D�mAj%O\]^fg]NDGF\RTS%M�C\��DGF'H W�Z FvDGS C\O W f fgDGS W R%CqbTDGF#SiRTf½DGF*]NC X�Z DGS�µ W O Z DGf W n
O\]^h,o,p/]NDGF\~TD[]£]NC\O�bT]kDgzV]ND[L�H¨RTSTh_O\]NJiS�~TDGh W STS�O04,RTS%btDGFIH UR%LNLNO}JYHKO�r#D[]NO\DGF*D�B�]kM_DGS%C X�ZTW H n
O\DGSVo�Ê%]^S%b�D[O*r W FvD[D[LkLND È W F*] W ~%LNDGStD[]^S%DGf LN]^S%D W F*DGS�z�R%C W f fgDGS ZTW S%M�RTS�O�DGF*r#JiFIHKDGS
RTS%b�C�]ÔS%b W LNLND}Ò�S%M�LND[] X�Z RTS%M�DGSgDG~�DGS_H W LNLNCqLN]^S%D W F�C\J}]NC\O£bT]ND[C���R%C�M W S%M�C\C�]kO�R W O\]NJiS H`URTF
bTDGSt~TDGh W STS_O\DGS�RTS%btjTJijTR%LKUW F*DGS�Ê%]^f j%LND[l_n �}LNM�JiFv]kO Z f�R%C�oyBqF�h W STS W LNC}Ê%O W S%b W F*b%n
��DGFIH W�Z F*DGSgbTDGF£LN]^S%D W F*DGSQmAj%O\]^fg]NDGF\RTS%M W R_HKM�D�H W C\C\O£r#DGF*bTDGSVoim Z S%D�S UW�Z DGF W R_HVC\D[]^S%D
:�RTSTh_O\]NJiS%C\r#D[]NC\DQD[]^S%PGR%M�D Z DGS�4qC�D[]qM�D[C W M�O24yb W C\C�D[CgC\] X[Z RTf8D[]^S%DGS@��LNM�JiF*]NO Z fgR%C
ZTW S%bTD[LNO24TbTDGF�S%RTF W R%C\M_D[r�UW�Z LNO\DA|qRTSTh_O\DAbTD[C}ÊTR X[Z F W RTfgC}~�D[O`F WYX[Z O\D[OGo 3F\RTS%bTL W M�D
H URTF bT]kDQ��JiF\FvDGh�O Z D[]NObT]kD[C�D[C�È�J%F*M�D Z DGS%Cg]NC\O�bT]NDQf W O Z DGf W O\]NC X�Z DEsqD[C X�ZTW wyDGS Z D[]NO
bTD[C}|qF*J%~%LkDGf½C24%b W LN]^S%D W F*D 3ALND[] X�Z RTS%M�DGSQRTS%btÒ�S%M�LND[] X�Z RTS%M�DGS�D[]^S%DAC\D Z FuD[]ÔS_H WYX[Z D
Ê%O`F\RTh_O`RTFq~�D[C X�Z FvD[]Ô~�DGSVo�d£F*J�O�P[bTDGf;]NC\O#bT]ND}r#JiF*C�O*n XGW C\D�n'· W R_H�P[D[]NOqbTD[C#��LNM�JiF*]NO Z fgR%C
D[l j�JiS%DGS�O�]kD[LNL 5 ,x��µ���´F/ 7[o Ë SEbTDGF#|qF W li]NC�]NC\O#DGF W ~�DGF#�}LNM�J%F*]NO Z fgDGS�4TbT]NDAD[]^S%D�j�J�L���n
S%Jifg]ND[LNLkD · W R_H�P[D[]NOAM W F W S�O�]kDGFvDGS�4yURT~�DGF*LND[M�DGSVo

p W O�f W S�D[]^S%Dt~TD[LN]NDG~%]kM_DtbT]�wyDGF*DGS%P[]NDGF\~ W F*D�:VRTSTh�O\]NJiS L V K L M�D[M�DG~TDGS�4£C\J
h W STS f W S��DGF*C`R X[Z DGS�4YbTDGF*DGS B�liO`FvDGf W LNC\O\D[LNLNDGS fg]NOqp/]kL�HKD W S W L��%O\]NC X[Z DGF�È�DGFIH W�Z F*DGS
PGR{~�D[C\O\]^f fgDGS�4VP�o�s}oV]^S%bTDGf f W StbT]ND h%F*]NO\]NC X�Z DGS |qRTSTh_O\D RTS%b{bT]ND p/D[C\C\DGf W O�F*]Nl
bTDGF9:�RTSTh_O\]NJiSE~TD[C\O\]^f fOGo Ë SEbTDGF�|uF W l%]NC�C X[Z L�UW M�O#bT]kD[C�DAÈ�JiF*M�D Z DGS%C\r#D[]NC\D W ~�DGFuJYH�O
H�D Z L�4yD[O*r W r#D[]NL�bT]kDQp/D[C\C\DGf W O�F*]Nl{S%] X�Z O�bTD���S%]NOg]NC\OGo Ë S�bT]ND[C\DGfH: W LNLq~%]ND[O\DGS C\] X�Z
:�]klTjTRTSTh_O*n�J%bTDGF 3�F W bT]NDGS�O\DGS_��DGFIH W�Z F*DGS W SVo,p/]NDGF\~TD[] ZTW S%bTD[LNO}D[C�C�] X[Z RTf �AjTjTF*JYn
li]^f W O�]kJ%S%C\��DGFIH W�Z F*DGS�4V~TD[]�bTDGS%DGS�f W S�C\] X�Z ]NO\DGF W O\]N�A5 W ~TDGF/bTD[O\DGF\f½]ÔS%]NC\O�]kC X�Z 7AB�l�n
O`F*DGf W LNC\O�D[LkLNDGS�]Ôf ÊTR X[Z F W RTf SVUW�Z DGFvOGoTB�]^S%]NM�D�bT]ND[C\DGF/È�DGFIH W�Z F*DGSE��DGF*L W S%M_DGSE�A]xwyD�n
F*DGS%P[]NDGF\~ W F\hYD[]NO���JiS�bTDGF�zV]ND[L�H¨RTSTh_O\]NJiS�4 W S%bTDGF*D�hYJ%f fgDGSEfg]NO}~TD[LN]NDG~%]NM�DGS�C\O\D[O\]NM�DGS
:�RTSTh_O\]NJiS%DGS W R%C�o

3�F W bT]NDGS�O\DGS_��DGFIH W�Z F*DGSA~�D[M�]^STS%DGS ~TD[]%D[]^S%DGf;~TD[LN]NDG~%]NM�DGf Ê%O W F*O`jTRTSTh_O9]^f(ÊTR X�Z n
F W RTf RTS%b�rUW�Z LNDGSEb W STS D[]^S%DGSQÊTR X[Z jTRTSTh�O/]ÔS�8 ] X[Z O`RTS%MgbTD[C�C\O\D[]NLNC\O\DGS���S%C�O\]ND[M�CGo
� W b,RTF X[Z S%]Ôf�f�O/bTDGF W h_O`R%D[LNLND�:VRTSTh�O\]NJiS%C�r�DGFvO�C\O\D[O\C#PGR�RTS%btD[C�r�]^F*bQb W C�M�LNJi~ W n
LkDQJ%bTDGFgD[]^S@LNJih W LkD[CQmAj%O\]^fgRTf�C`RTh_P[D[C\C\]N��D W jTjTFvJ�l%]^fg]NDGF*OGo Ë O�DGF W O\]N��DEÈ�DGFIH W�Z F*DGS�4
bT]kDAC�] X[Z C\O\D[O�C�S%RTF#��DGF\~�D[C\C\DGF\S�4%r#DGF*bTDGS W R X�Z ²�p/]NLNL X LN] fg~�DGF�³�M_DGS W STS�O�o B�]^SQÊTR X�Z n
C X�Z Fv]kO�O�]NC\OE]^S4�A~T~%]kLNb,RTS%Mc´�H`URTF bT]ND�PGR f W li]^fg]NDGF*DGS%bTDQ:VRTSTh�O\]NJiS ±GÓ�Ó ( 1	� (

 � M�D[P[D[]NM�OGo#�A]ND[C\DQ:VRTSTh�O\]NJiS ZTW OtSiRTFED[]^ScM_LkJ%~ W LND[Ctµ W l%]ÔfgRTf RTS%b hYD[]^S%D�LNJYn
h W LNDGS µ W li]^f W o Ê%J_L X[Z D :VRTSTh�O�]kJ%S%DGS Z D[]^�YDGScRTS%]^fgJib W L�o Ë f 3AD[M_DGS%C W O\P Z D[]^�YDGS
:�RTSTh_O\]NJiS%DGScfg]NO fgD Z FvDGF*DGSamAj%O\]^f W fgR%LNO\]^fgJib W L�ou� W D[]^S%D�� W F*C\O�D[LkL^RTS%M@D[]^S%DGF
´�n bT]^fgDGS%C\]NJiS W LNDGS<:�RTSTh_O\]NJiS�r/]kD�]ÔSÀbTDGS��A~T~%]NLkb,RTS%M_DGS W S�D[]ÔS%DQ· W S%bTC X�ZTW HKO�fg]NO
sqDGFvM�DGS�RTS%bÀd UW LNDGF\S�DGF*]^STS%DGF*O24VC`jTF*] X[Z O�f W S W R X�Z ��JiS�bTDGF�² :�]NO`S%D[C\C\L W S%bTC X�ZTW HKO[³
bTDGF :VRTSTh�O�]kJ%SVo,p�]NDGF\~�D[]9~TD[P[]ND Z O�C\] X[Z bTDGF�suD[C\O W S%bTO\D[]NL�:�]kO�S%D[C\C W R_H9b W C�Ê��TS%JiS��Tf
H`URTFU:�RTSTh_O\]NJiS%C\r#DGF*O049r/]kDED[C�~�D[]�D[�_J�L^R%O\]NJiSVUW F*DGS@��LNM�JiF*]NO Z fgDGS%5�C\]ND Z DQ��~%C X[Z S%]NO\O
´Tox¶#7AURT~%LN] X�Z ]NC\OGo

É



��~T~%]NLNb,RTS%M ´�1AdyD[]NLNC X[Z F*]NO\O@D[]ÔS%D[C83�F W bT]NDGS�O\DGS_��DGFIH W�Z F*DGS%C W R_HQbTDGF�RTS%]^fgJib W LkDGS
:�RTSTh_O\]NJiS ±GÓ_Ó ( 1	�2( 
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�A~T~%]kLNb,RTS%Mg¶�P[D[]NM�O�D[]^S%D�fgR%LkO�]Ôf½Jib W LND :VRTSTh�O�]kJ%SVo�Ê%O W F*O\D[OyD[]^S03F W bT]NDGS�O�DGS���DGF'n
H W�Z FvDGSt]^f W S%M_D[M�DG~TDGS�|qRTSTh_O24�C\JQhYJiS_��DGF*M�]NDGF*O�D[C}M_D[M�DGS�D[]ÔS�LNJih W LND[C�µ W l%]ÔfgRTf�4
��S%bTD[O W LNC\J�bT]NDtJij%O\]^f W LkDt·�UJ�C`RTS%M 5�18- Ó � 
 - Ó 7�S%] X[Z O�o9µ�R%LNO\]^fgJ%b W LND :VRTSThYn
O\]NJiS%DGS�C�O\D[LNLkDGS@C X�Z r�]NDGF*]NM�DQmAj%O\]^fg]NDGF\RTS%M�C`jTF*J%~%LkDGf½Dtb W F[o£p W O�bT]ND z®]kD[L�H RTSTh�O�]kJ%S�4
r�]NDAbT]kDJi~%]NM�D#4TSiRTFur#DGS%]NM�DALNJih W LkDgmAj%O\]^f W 4%C\J h�UJiSTS%DGSEC\JgM�DGS W STS_O\DAµ�R%LNO\]NC\O W F*Ovn
� W F*] W S_O\DGS���JiS63�F W bT]NDGS�O\DGS_��DGFIH W�Z F*DGS�D[]^S%M�D[C\D[O\P[O�r#DGF*bTDGSVoT�A]ND[C}C�]ÔS%b�]^f |qF*]^S%P[]^j
M�D[O`F*DGSTS_O\D#4Yj W F W LNLND[LTJibTDGF£C�D G R%DGS_O\]ND[LNL W ~%L W R_HKDGS%bTD Z DGF\h�UJif fgLN] X[Z D 3F W bT]NDGS�O�DGS���DGF'n
H W�Z FvDGS�4ybTDGF*DGS�Ê%O W F*O\��DGh_O\JiFvDGS W ~�DGF�URT~TDGF bTDGS�z®]kD[L�H RTSTh�O�]kJ%S%C`F W RTf ��DGF*O�D[]kLNOr�DGF'n
bTDGS�4qC\J%b W C\C fg]NO Z J Z DGF?3 W_Z F*C X[Z D[]ÔS%LN] X[Z hYD[]NOtb W C M_LkJ%~ W LND{mAj%O\]^fgRTf M_D�H¨RTS%bTDGS
r�]^F*byo

Ê%D[L^~%C\O�bT]ND[C\DEÈ�DGFIH W�Z F*DGS C X[Z L W M�DGS W ~�DGF�HKD Z L 4®H W LkLNCgbT]ND;:VRTSTh�O�]kJ%S�C\D Z FA�%]ND[LND#4
JibTDGFEC\J_M W FERTS%DGS%bTLk] X[Z �i]ND[LND�LNJih W LND!B�liO`FvDGf W LNC\O\D[LNLNDGS ZTW OGou�A~T~%]kLNb,RTS%Mc¹4P[D[]NM�O
D[]ÔS%D�C\J�L X[Z D#4�C\JM�DGS W STS_O\D Z J X[Z MiF W bT]kM fgR%LNO\]^fgJ%b W LND :VRTSTh�O\]NJiSVo%|qF*J%~%LkDGf½D#4�bTDGF*DGS
:�]kO�S%D[C\C\L W S%bTC X[ZTW HKO\DGS Z J X[Z MiF W bT]kM@f�R%LNO\]^fgJ%b W L#C\]^S%b
4�M�D[LNO\DGS W LkC�C\D Z FC X�Z r�]NDGF*]NM
PGR�Jij%O�]Ôf½]kDGFvDGSVoqB�]^S%Dt��L W C\C\DE��JiS È�DGFIH W�Z F*DGS�4£bT]ND W R X�Z ~TD[]#bT]ND[C\DGSa|uF*Ji~%LNDGfgDGS
MiR%O\D�· UJ�C�RTS%M�DGSQDGF*P[]ND[LNDGS�h UJ%STS%DGS�4,r#DGF*bTDGSE]^f S UWYX�Z C�O\DGSE��~%C X�Z S%]NO\O���JiF*M_D[C\O\D[LNLNOGo
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È�JiS4~TD[C\J%S%bTDGF*DGf Ë S�O�DGF*D[C\C\DQ]NC\OgH`URTFgRTS%C bT]ND{��L W C\C�DtbTDGFg²YÊ%O\J X[ZTW C\O�] XQË O�DGF W O\]N��D
µ{D[O Z JibTC[³E4yb W �i]ND[LNDQbTDGFA]^S@bT]ND[C\DGFg|qFvJ#C*DGh�O\M%F\RTjTjTD�~�D ZTW S%bTD[LNO\DGS4È�DGF'H W�Z FvDGS�PGR
] Z S%DGSÀM�D[P�UW�Z LNOAr#DGF*bTDGSVo�Ê%]ND r#DGF*bTDGS�]^S<, �#�#3U-#- /qb,RTF X[Z H�J_LkM_DGS%bTDGSt�A~%L W R_H X[ZTW n
F W h_O\DGF*]NC\]NDGF*O21

± o�� Á%¯�¦¨§ 1
3 DGS%DGF W O\D W S%bQD[� W L^R W O\D W SE]^S%]kO�] W L X J�LNLkD X O�]kJ%StJ H XGW S%bT]Nb W O\DC\J�L^R%O\]NJiS%C��o

´To » ¼£Á  ÅT¾[Á 1
|uF*Jib,R X D W S%baD[� W LÔR W O\D W�X J�LNLND X O\]NJiS JYH�S%D[r XGW S%bT]Nb W O\D�C\J�L^R%O\]NJiS%C��� ~ �
f W h�]^S%M{F W S%bTJifg]NP[D[b X�ZTW S%M_D[C�O\J 5 J%F��ºJijTDGF W O\]^S%M��yJ%S�7�C\D[LND X O\D[b!f½DGf�~�DGF*C
JYH��o

¶To�� Á,§VÁ%Ï 1
8#DGj%L WYX DEC\Jif½D�J H�O Z D�f½DGf�~�DGF*C�J H�cr�]NO Z C\JifgDgJYH#O Z D�fgDGfg~TDGFvC�JYH��� 4
W S%bQO Z DGS�5KRTS%LND[C\C}C�JifgDAO\DGF\f½]ÔS W O\]NJiS X F*]NO\DGF*]NJiS ZTW C}~TD[DGS�F*D WYX[Z D[b�7�F*D[O`RTF�S
O\J ´To
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��~T~%]NLNb,RTS%M ¹ 1 �A]ND Z J X�Z MiF W bT]NM fgR%LNO\]^fgJ%b W LND 8 W C\O�F*]NM�]^S_n�:�RTSTh_O\]NJiS
±GÓ 5�4����D5¨´���1�7 � 4����D5K´�� 
 7 75( 1 �2( 
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:}URTF#bT]ND[C\D�µ�D[O Z J%bTDGSQC`jTFvD X�Z DGS�L W R%O�, �#�#3U-#-F/9b,F*D[]yÈ�JiFvO\D[]NLkD#1

� B�]ÔS_H WYX[Z PGRE]^f j%LNDGfgDGS_O\]NDGF*DGS�1
Ê%]ND�h�UJiSTS%DGS�JYH�O#]^SQr#DGS%]NM�DGS�zVD[]NLkDGS�M�D[C X�Z F*]NDG~�DGStr#DGF*bTDGSVo

� Ê%D Z F W LkLNM�DGf½D[]ÔS�1
Ê%]NDQC\O\D[LNLNDGSah D[]ÔS%DQ�AS_HKJiF*bTDGF\RTS%M W S b W C�mAj%O\]^fg]NDGF\RTS%M_C`jTF*Ji~%LNDGf JibTDGFbT]ND
suD[C X[ZTW wyDGS Z D[]NO}bTDGF�z®]kD[L�H RTSTh�O�]kJ%SVo

� BuFIH�J_LkM%F*D[] X�Z 1
È�DGFIH W�Z F*DGS bT]ND[C\DGF���L W C\C\D ZTW ~TDGSg~TD[r/]kD[C�DGS�4Yb W C\C£C\]ND�C X�Z S%D[LNL%MiR%O\D�· UJ�C`RTS%M�DGS
H`URTFuD[]ÔS%DAM%F*Ji�YD��AR%C\r W�Z LV��JiS W h W bTDGfg]NC X[Z DGSQRTS%btjTF W h_O\]NC X�Z DGSQ|uF*Ji~%LNDGfgDGS
LN]ND�H�DGF�S{h�UJiSTS%DGSVo

zyRgbTDGS�²�Ê%O\J X�ZTW C\O\] X�Ë O\DGF W O�]k�_D�µ�D[O Z JibTC[³�P�UW�Z LNDGSQS%DG~TDGSE~TD[rUW�Z F*O\DGSEp�DGRTFv]kC�O\]^hYDGS
r�]ND.3ADGS%D[O\]NC X[Z DGS���LNM�JiF*]NO Z fgDGS>5����U4,C�]kD Z DEP�oxs�o+, 3AJ�L^Ì#-X/ 7 4VB���J�L^R%O\]NJiS%C�C\O`F W O�D[M�]�n
DGS 5��� 4_C\]ND Z D�P�oxs�o
,�Ê X�Z -�ÇF/ 7uJ%bTDGF}Ê%]^fgR%L W O\D[b���STS%D W LN]^S%M 5 C\]ND Z DP�oxs�o ,�� 3 È�Ì�¶F/ 7
W R X�Z D[]^S%D;8#D[] Z DQF*D[L W O\]N��S%DGR%DGF�È�DGFIH W�Z F*DGSVoysuDGh W STS_O\DGF*D�È�DGF*O`F*D[O\DGF/C\]^S%b Z ]NDGF\~�D[]
µ{DGf½D[O\] X ��LNM�JiF*]NO Z f½C 5 C\]ND Z D�P�oxs�oE,ºµ�J�C`Ì#- / 7 4Ydy�As#ÒaÊ%D W F X[Z 4�5 C\]ND Z D�P�oxs�oE, 3ALNJiÌ#-F/ 7
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JibTDGF�AS�O �#J_LkJ%S���mAj%O\]^fg]NP W O\]NJiS%5 � ��� 4VC\]ND Z DQP�oxs�o",º�Aµ�� -�ÉF/ 7�oyzyR�bTDGS r�DGS%]�n
M�DGFg~TDGh W STS�O\DGS@È�DGF'H W�Z FvDGS@P�UW�Z LNDGS ��R%LNO`RTF W L#��LkM_JiF*]NO Z fgC 5 C\]ND Z DQP�oxs�o9, 8#D ��-Y¹ /�7 4
|£JijTR%L W O\]NJiS�~ W C\D[b�]ÔS X FvDGfgDGS�O W L9LND W F�S%]ÔS%M 5¨|qs Ë ·"4�C\]ND Z DgP�oxs�o�,�s W L - ¹2/�7�RTS%b��i]ND[LND
r�D[]NO\DGFvD�o9B�]^S%DEC W RT~�DGF*D ��L W C�C\]��,P[]kDGF�RTS%M�bT]ND[C\DGF�5 O\D[]NLNr#D[]NC\DQC\D Z F UW_Z S%Lk] X[Z DGS�7gÈ�DGFIn
H W�Z FvDGSQ]NC\O W R_HKMiF\RTS%b�bTDGF�MiFvJi�YDGSQ�AS%P W�Z L W SQÈ W F*] W S�O�DGS�4,] Z F*DGf O\D[]NLNr#D[]NC\D M�DGF*]^S_n
M�DGf suDGh W STS_O Z D[]NO\C\M%F W b
4�bTDGF#M UW S%M�]NM�DGS�|qF W li]NC�È�DGFIH W�Z F*DGSEPGR Z �T~TF*]NbT]NC\]NDGF*DGS�RTS%b
bTDGS W LNLND[C W S%bTDGF*D W LNC�D[]^S Z D[]kO�Lk] X�Z DGS@suD[P[D[] X[Z S%RTS%M�DGS�h W RTf fQUJ�M�LN] X[Z o 3 DGfgD[]^SQ]NC\O
H W C�O W LkLNDGSEbT]ND[C\DGF#È�DGF'H W�Z FvDGS�4Tb W C\C#] Z F*DW:�RTSTh_O\]NJiS%C\r#D[]NC\DAD[]^SE�AS W LNJ�M�JiSEPGR�D[]^S%DGf
S W O�URTF*LN] X�Z DGS@J%bTDGFAM_D[C\D[LNLkC X�ZTW HKO\LN] X�Z DGS | Z UW S%J%fgDGS�b W F*C�O\D[LNLkO�o9Ê%J ZTW ~TDGS ��� RTS%b
�  B���J_LÔR%O�]kJ%S%C`jTF*J�P[D[C\C�D�PGRTf È�J%F\~%]NLkbyo � ��� W�Z fO�b W C�È�DGF ZTW LNO\DGS���J%Std#]NDGF*DGS
S WYX�Z 4�Ê%]ÔfgR%L W O\D[b��ASTS%D W LN]^S%MQD[]ÔS%DGS�j Z �iC�]Ôh W LN]NC X�Z DGS@|qFvJ�P[D[C\C24,RTS%b�µ�DGfgD[O\] X RTS%b
��R%LNO`RTF W Ly��LNM�JiF*]NO Z f½C ZTW ~�DGSQM�D[C�D[LkLNC X[ZTW HKO\LN] X�Z D ~%P[r�o,h%R%LNO`RTF*D[LNLND È�JiF\~%]NLNbTDGF[o

� � ��� � �
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�
mAj%O\]^fg]NDGF\RTS%M�C\��DGF'H W�Z FvDGS�h Jif fgDGS ]ÔS�H W C\O W LNLNDGS ÊTj W F*O�DGSAbTDGF+T W O�RTFIn.4 Ë S%M_DGS%]kDGRTFvC*n
RTS%b 3c]^F*O\C X[ZTW HKO\C\r�]NC\C\DGS%C X�ZTW HKO\DGSEPGRTf B�]^S%C W O\P�oT�AR X[Z ]^SQbTDGF�|uF W l%]NC�r#DGF*bTDGSQC\]ND
]ÔS bTDGFD[]^S%DGS@JibTDGF W S%bTDGF*DGS :,JiF\f ]^S�C\J�MiR%O�r/]kD C'D[bTDGfH3c]^F*O\C X[ZTW HKO\C*n�RTS%b Ë S_n
b,R%C\O`F*]ND[P[r#D[]NM�4�RTS%b���J%S�C\O W�W O\LN] X[Z DGS Ë S%C\O\]NO`R%O�]kJ%S%DGS@]ÔS bTDGF?8 W RTf j%L W S%RTS%M�4£È�DGFIn
r W LkO�RTS%M�RTS%btPGR�fg]NLk]NOGUW F*]NC X�Z DGS�zVr#D X hYDGSED[]^S%M�D[C\D[O\P[O�o

Ë SbTDGSr#D[]NO\DGF*DGSg�A~%C X[Z S%]kO�O\DGSr�DGFvbTDGS�D[l%DGf j%L W F*]NC X[Z jTF W h�O\]NC X[Z D��AS�r#DGS%b,RTS_n
M�DGS �_JiS�mAj%O�]Ôf½]kDGF�RTS%M�C\��DGFIH W�Z F*DGS���JiF*M_D[C\O\D[LNLNOGoizyRTSVUW X�Z C\O#r�]^F*b W R_H®D[]^S�|qF*Ji~%LNDGf�4
b W CgH`URTF ��Jif fgRTS W LN��DGF*r W LNO`RTS%M_DGSaF*D[LND[� W S�OE]NC\O24qRTS%b b W C�fg]NO Z DGF\h�UJif f½Lk] X[Z DGS
È�DGFIH W_Z F*DGS�M�D[LKUJ�C\OAr/]ÔFvb
4y��JiFvM�D[C\O\D[LNLNOGoV� W STS�r�]^F*b�D[]^S%DE��S_r#DGS%b,RTS%M W R%CAbTDGF Ë S_n
b,R%C\O`F*]ND#4�~TD[]%bTDGF£B���J�L^R%O\]NJiS%C�C\O`F W O�D[M�]NDGSAPGRTf;B�]^S%C W O\P�hYJ%f fgDGS�RTS%bbTDGF£PGR%M�D Z UJiF*]�n
M�D�mAj%O\]^fg]NDGF\RTS%M_C`jTF*J�P[D[C\CDGF UJiF*O�DGF*OGo,Ê X[Z LN]kDG� Lk] X[Z r/]ÔFvb{D[]^S%D �AS_r�DGS%b,RTS%M W R%C}bTDGS
3AD[]NC\O\D[C\r/]kC�C\DGS%C X[ZTW H�O�DGSE��JiF*M�D[C�O\D[LNLkO04i~TD[]VbTDGf bTDGFu�}C�jTDGh_O�bTDGF#mAj%O\]^fg]NDGF\RTS%M DGF*C\O
S WYX�Z O`F[UW M�LN] X[Z ]^S�bTDGSEÈ�JiF*bTDGF*MiF�RTS%b{F�UR X h�O�D�o

�"	�� ��!#�')��#')("� 	 �
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Ë S�,�| W j�- ± /£r�]^F*bQD[]^St|qFvJi~%LNDGf�4Tb W C}~�D[]ybTDGF�suD[r�]^F*O\C X�ZTW HKO`RTS%M �_JiS�� W S W L^S%D[O\P[DGS
W R_H�O�F*]NO\O24qSVUW�Z DGF�DGF[UJiFvO\DGF*OGoqÊ%O W F\hYD 8#D[M_DGS_HvUW LNLND�H`UR Z F*DGS ]^Sa� W S W L^S%D[O\P[DGS PGR4bTDGf
|qF*Ji~%LNDGf�4�b W C\C#bT]ND�� W j W P[]NOGUW O#��JiSE��LKUW F W S%L W M_DGS�URT~TDGFvC X�Z Fv]kO�O\DGSEr�]^F*btRTS%btRTS%M�D�n
h�L UW F*O�D[C"3 W C\C\DGF URT~TDGFvL UW R_H�O24Yr W C£PGRÈ�DGF*C X[Z fgR%O\PGRTS%M�DGS H UR Z FvOGo�Ò�f(bT]ND[C�PGRg��DGF Z ]^S_n
bTDGF\S�4Tr#DGF*bTDGSEPGRTF�zVr/]kC X�Z DGS%C`j�D[] X�Z DGF\RTS%M�bTD[C}RTS%M�DGh_LKUW F*O\DGS 3 W C\C\DGFvC suD X hYDGS W S_n
M�D[LND[M�OGo T WYX[Z bTDGS?8#D[M_DGS_HvUW LNLNDGS h W STSb W C9M_D[C`jTD[] X[Z DGF*O\D93 W C\C�DGFyb W STSbTDGF£��LKUW F W S_n

±GÓ



L W M�DAPGR%M�D�H`UR Z F*O#r�DGFvbTDGSVoi�ADGF#zyR_nqRTS%bQ�A~���R%C\C�PGR�bTDGSQsqD X hYDGSE]^SE�A~ Z UW S%M�]NMihYD[]NO
��Jif zyR���R%C�C9b,RTF X[Z 8 D[M�DGS�fgR%C\CyM_DGF*D[M�D[LNO9r#DGF*bTDGSVo�� W C9|qFvJi~%LNDGf r�]^F*b]^S6,x| W j�- ± /
C\JgHKJiF\fgR%LN]kDGFvO21

suD[C\O\]^f f½D�H`URTFuD[]ÔSEM_D[M�DG~TDGS%D[C}� W S W L^S%D[O\P�fg]NO�zyR���R%C\C\C\O�D[LkLNDGS�4 UÒ�~TDGF'n
L W R_HKC\O\D[LNLNDGS�4�suD X hYDGS_��J�L^RTfg]^S W RTS%b���LKUW F W S%L W M�DGS W R_H�M%F\RTS%bAD[]^S%D[CqjTF*JYn
MiS%J_C\O\]NP[]NDGF*O\DGS�zyR���R%C�C\��DGF*L W R_HKC RTS%b�bTD[C�M�DGf½D[C\C\DGS%DGS W h�O�R%D[LkLNDGS@zyR_n
C\O W S%bTD[CybT]NDqJij%O�]Ôf W LNDGS�Ê%O\D[LNLNr#DGF*O\D#4�bT]kDuPGRTFVµ�]^S%]Ôf½]kDGF�RTS%MAbTDGF UÒ�~TDGF*LKUW R_HKD
~�D[]®f W li]^f W L®f UJ�M�LN] X�Z DGF�suD[C X[Z ] X h%RTS%MEbTDGF���L UW F W S%L W M�DGSQf½]kO#µ�]NC X[Z n
r W C\C�DGF�H`UR Z F*DGSVo

�A]kDAO�D X�Z S%]NC X[Z DGSQ�AD[O W ]kLNC�bTDGF#Ò�fgC\D[O\PGRTS%M�bTD[C |uF*Ji~%LNDGfgC�]^SED[]^SQµ�J%bTD[LNL�C�]ÔS%b�H`URTF
RTS%C RTS%DGF Z DG~%LN] X[Z o���LkC�BqFvM�DG~TS%]NC9DGF*M_]Ô~%O�C\] X�Z D[]ÔS%D�zV]ND[L�H RTSTh�O\]NJiSbTD[C�d � j%C
L V KRLN1
� -�����	��
������� "� � ��� ,�� ��� ����� (�� � 5 ��7&/ � � � � �D5 ��7 ��� � " ,�!"�#�$� (%!�5 ��7 / �

� �'&(� "� � � ,�� � 5 ��75(�) � �+* 5,��7&/ � � �.-/� �� � � ,�0�� 5,��7 (�0�� 5,� ( ± 7&/ �"1
3 W C�bT]ND�È W Fv] W ~%LkDGS RTS%b ��J%S%C\O W S_O\DGS(~TD[bTDGR%O\DGS�4A]NC\O�J Z S%D4suD[L W S%M,oAB�C ZTW S_n
bTD[LkO�C\] X[Z RTf D[]^S%D�|£J�L��TS%JifH RTSTh�O\]NJiSVo��A]kD[C�D�]NC\O�C\O�D[O\]NM½RTS%b�bT]�w®DGFvDGS%P[]kDGF�~ W F[o��}LNC
f UJ�M�LN] X�Z DEÈ�DGFIH W�Z F*DGS�r#DGF*bTDGSÀbTD[C ZTW L^~�]^SA,�| W j�- ± /���DGFvC X�Z ]ND[bTDGS%DEÈ W F*] W S_O\DGS���J%S
3�F W bT]NDGS_O\DGS_��DGFIH W�Z F*DGSEbT]NC`h%R%O\]NDGF*OGo

�"	�� 2 �
� �6� ���� �!� �
�"!#�&$%�� �#' ( �
�A]kD[C�D[C mAj%O`f½]kDGF�RTS%M�C`jTF*Ji~%LNDGf C\O W f�f�O W R%C bTDGF � Z DGfg]ND[O\D X�Z S%]^h�o�p/��� ]NC\OgD[]^S
X�Z DGfg]NC X[Z DGF�|qF*J�P[D[C�C24,~TD[]£bTDGf W R%C�dyJ�L^R%DGSA5 �43$576 7�suDGS%P[DGS 5 �98:578 7 Z DGF*M�D[C\O\D[LNLNO
r�]^F*byo�p����4C\O\D Z O�H URTF£p �%b,F*J%bTD W L^h��%L W O\]NJiSVo � Z DGf½]kC X�Z D��AS%L W M�DGS�4Y]^SbTDGS%DGSgbT]ND[C\DGF
|qF*J�P[D[C�C W ~%LKUW R_HKO ZTW ~TDGS D[]^S%DGScM�DGfgD[]^S%C W fgDGS 3�F\RTS%b W R_H ~ W RVou�A]ND{O�D X�Z S%]NC X[Z DGS
�AD[O W ]NLNC�DGFvL W RT~TDGS?C*D[bTJ X�Z P W�Z L^F*D[] X�Z DU:�F*D[] Z D[]NO\C\M%F W bTD#4%r�]NDA��FGUR X hYD�]^S�8#D W h_O\JiF*DGS�4
dyDGf j�DGF W O`RTFvDGS�4�µ�]NC X�ZTW S�O\D[]NLND#4 W ~TDGF W R X�Z bT]ND}�AS%P W�Z LTbTDGFu· W M�DGSg]^S ~�D[C\O\]^f fO\DGS
�AD[C\O\]NLNL W O\]NJiS%C\CGUW R%LNDGS�4#RTS%b��%]ND[LNDQr�D[]NO\DGFvD�o9B�]^S%]NM�DQbT]ND[C\DGF | W F W fgD[O\DGFF4Vr�]ND���F\R X h
RTS%bÀd�DGf j�DGF W O`RTF 4�L W C\C\DGS�C\] X[Z MiR%O�b,RTF X[Z F*D[D[LNLkDEz W�Z LNDGS W ~T~%]NLNbTDGSVoy�AS%bTDGF*D#4Vr�]ND
bT]kDE�AS%P W�Z L#bTDGF�· W M_DGS�SiRTF b,RTF X[Z M W S%P[D�z W�Z LNDGSVo Ë SA,�B�3#3Ê Ó�Ó /�r�]^F*b bTD[C ZTW L^~
D[]ÔS%D ² M�DGfg]NC X[Z O\DY³g|qF*Ji~%LNDGf FvDGjTF UW C\DGS_O W O\]NJiSE�_JiF*M�D[C X[Z L W M�DGS�1

P"5 !;� �=<><?< �@! VBA �	CB� �=<><?<�C VBD �	EF� �G<><>< �	E VBH 7"KJILK �
C`RT~EC*D X O�O\J

! � 	�M � 1 - ,�! � � V� �@! ������ /.NAL;4BK - ± �=<><?< � ��O
C � 	�P � 1 - ,QC � � V� �	C �#�$�� /RNTSW4UK�- ± �=<><>< � ��V
E � 	%W � 1 -X��E �Y�Z� �G<><>< �	E �Y��[ \^]_[ 1 4`K - ± �=<?<>< � � O

±�±



p�]NDGF\~�D[]�C�]ÔS%b W �#µ�DGS%M�DGS�bT]NC`h%F*D[O\DGFU3�DGF*O�D#4VD[O'r W b,F*D[]u��DGF*C X[Z ]ND[bTDGS%Dt� UR Z L^fg]NO*n
O\D[L�49bT]NDQ��DGFvr�DGS%bTD[Ogr#DGF*bTDGS@h,UJ%STS%DGSVo9� W C���DGF\STjTF*J%~%LkDGf bTDGF�µ�J%bTD[LNLk]NDGF\RTS%M@]NC\O
W ~TDGF 4�b W C\CEbT]kD�f W O Z DGf W O\]NC X[Z DGS4zyR%C W f f½DGS Z UW S%M�DtP[r/]kC X�Z DGSO:�F*D[] Z D[]NO\C\MiF W bTDGS
RTS%b zV]ND[L�H RTSTh�O\]NJiSES%] X�Z O�~�DGh W STS_O#C\]^S%byo�µ W Sr#D[]NC\C�S%RTF 4�b W C\C�C\]ND}S%] X�Z O\LN]^S%D W F�RTS%b
bTD[C\r#D[M�DGStS%] X[Z O�LND[] X[Z O�PGRQJij%O�]Ôf½]kDGFvDGSQ]NC\OGoT�ADGF :�RTSTh_O\]NJiS%C\r#DGF*O P+4TbTDGF/bT]ND�²�|£DGF'n
H�JiF�f W S X DY³�bTDGFM�D[M_DG~TDGS%DGS@�AS%L W M�DQr�]ND[bTDGF*M�]^~%O24�h W STS�b,RTF X[Z D[]^S%DQ]^S�bTDGF � Z D�n
fg]ND[O\D X�Z S%]^h Z UW R_�,M���DGF*r#DGS%bTD[O\D�Ê%]^f�R%L W O�]kJ%S%C`RTfgM�DG~TRTS%M�4 �  � �  ����� ����J4
~TD[C\O\]^f fO�r#DGF*bTDGSVo

��LkC�mAj%O\]^fg]NDGF\RTS%M�C\��DGF'H W�Z FvDGSEr�]^F*bQD[]^S%D�B��_J�L^R%O\]NJiS%C\C\O`F W O\D[M�]ND���JiF*M�D[C X�Z L W M�DGS�4
bT]kD/C`jTD[P[]ND[LNLTH URTF£bT]ND�M�DGfg]NC X[Z O�D 8#DGjTF UW C\DGS�O W O\]NJiS W S%M�DGj W C�C\O9r/]ÔFvbyoYµ W S�h W STS W R X�Z
��JiS�D[]^S%DGF p � ~TFv]kbT]NC\]NDGF\RTS%M W LNLkM_DGfgD[]^S%DGF*DGF B��_J�L^R%O\]NJiS%C\C\O`F W O\D[M�]NDGS C`jTF*D X[Z DGSVo9�ADGF
3AD[C W fO\J%j%O\]^fg]NDGF\RTS%M�C`jTF*J_P[D[C\C�r�]^F*b�]ÔS���~T~%]NLNb,RTS%MtÇgr�]ND[bTDGF*M_D[M�DG~TDGS�1

Cost calculations

Simulation
Calculation of thermodynamical states

ASPEN PLUSTM

OPTIMIZER
(EA)

Process definition

Flowsheet Evaluation

Translation into the
inputfile of the simulator

Examination of simulation errors,
Constraint Control

�A~T~%]NLkb,RTS%M�Ç�1%��~%L W R_HqbTDGF�p/�}�;|qF*J_P[D[C\C\Jij%O\]^fg]NDGF\RTS%M�5 W R%CW,xB�3#3Ê Ó�Ó / 7
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�"	�� ����� +���&�����' ("� � '�� !#' �#+���� ���?(�!�� � 
� �&' ( �
BqF*C\OgF*D[L W O\]N��C`jVUW O24�C\D[]NO�bTDGS ± -�� Ó DGF S W�Z F*DGS�4�r�DGFvbTDGS�h%R%LNO`RTF*D[LNLNDtÊ��iC\O�DGfgD�S%] X�Z O
C\O W O\]NC X[Z 4uC\JiS%bTDGF\Scfg]NOtp/]kL�HKD�bTDGFEPGR%MiF\RTS%bTD Lk]ND[M�DGS%bTDGS(|qFvJ�P[D[C\C\D�~TD[C X[Z F*]NDG~TDGSVo
8#Ji~TDGFvO 3�oD8#D �TS%J�LNbTC�DGS_O*r�] X hYD[LNO\D W R%C#bT]kD[C�DGSE��S%CGUW O\P[DGSgD[]^S%DAµ�JibTD[LNLN]NDGF\RTS%M�C`fgD�n
O Z JibTD#4yf½]kO�bTDGS%DGS�DGF�RTS�O�DGF W S%bTDGFvDGf BqF\hYDGSTS_O`S%]NC\C\D�URT~�DGF�bT]kD BuS�O*r�] X h�L^RTS%MQbTD[C
� X hYDGF\~ W R%Cu]^S µ�D[l%]Ôh JAM�D[r�]^STS%DGS�h JiSTS�O�D 5 C\]ND Z D�, 8 D � Ì�ÉX/ 7[o�3�F�RTS%bTL W M�D�r W F*DGSbT]ND
��JiSA] Z f(DGS_O*r�] X hYD[LNO\DGS ² ��R%LNO`RTF W L���LNM�JiF*]NO Z f½C[³D4Y~TD[]TbTDGS%DGSDGF Z DGF�h UJif�fgLN] X[Z D 3 D�n
S%D[O\]NC X�Z D���LkM_JiF*]NO Z fgDGS�DGF*r#D[]NO\DGF*O\D�o�BuF�~TD[bT]NDGS�O�DAC\] X�Z bT]ND[C\DGFuµ�D[O Z J%bTDGSgPGRTSVUWYX[Z C\O
SiRTF£PGRTF£µ�J%bTD[LkLN]NDGF\RTS%M h%R%LkO�RTF*D[LNLkDGFu|qF*J_P[D[C\C\D�oYBqF*C\O£C`jVUW O�DGF£r}RTF*bTD#bTDGF � � W LNCqmAj_n
O\]^fg]NDGF\RTS%M�C\��DGF'H W�Z FvDGS��_DGF*C\O W S%bTDGS�5 C�]kD Z D#P�oxs�oE, 8#D ��-#-0/ 7£RTS%b W S%M�D[r W S%bTOGo�p�]NDGF\~�D[]
r}RTF*bTD W LkC�J bT]ND�µ�D[O W�Z DGRTF*]NC\O�]ÔhES%] X�Z O�D[l j%LN]NP[]NOAPGRTF�mAj%O\]^fg]NDGF\RTS%MQDGS_O'r/] X hYD[LNOGoT� W
C\]ND W ~TDGFF4yr�]ND bT]ND PGR%MiF�RTS%bTD�LN]ND[M�DGS%bTDGS83ADGS%D[O�]kC X�Z DGS���LNM�JiF*]NO Z f½DGS W R X[Z 4VD[]^S%DGS
|qF*J�P[D[C�CqfgJibTD[LNLN]NDGF*O24_bTDGF£D[]kM_DGS�O\LN] X[Z D[]^S%D}mAj%O\]^fg]NDGF\RTS%Mgb W F*C\O�D[LkLNO24YC�O\D[LNLkO�D�C�] X[Z ] Z F*D
B�]NMiS%RTS%M�PGRTF�mAj%O�]Ôf½]kDGF�RTS%M Z DGF W R%CGo

� � �g�������

� �������V�#�

Î��9Ã�¾  Å	�®¾G¦�
�§
�A]NDA��DGF*D[]^S_H WYX[Z DGS%bTD�� W F*C�O\D[LNLÔRTS%MgD[]^S%D[CA|qF*Ji~%LNDGfgC/b,RTF X�Z f W O Z DGf W n
O\]NC X[Z D�z�R%C W f fgDGS Z UW S%M�D�o

Î��^¯
  ¦^¾ ¬ ¿ « Ã
È�DGFIH W�Z F*DGS�4�b W C�]^SQDGS%bTLN] X�Z DGFzVD[]NO�D[]^S%D ·�UJ�C`RTS%M D[]^S%D[CA|qF*J%~%LkDGf½C�~�D�n
F*D X[Z S%D[OGo

� Á «® ¦ Ã[¾G¦��
È�DGFIH W�Z F*DGS�4ub W CQD[]^S%D�·�UJ_C`RTS%M�D[]^S%D[C�|qF*Ji~%LNDGfgCQPGR ��S%bTDGScJ%bTDGF�PGR
W jTjTFvJ�l%]^fg]NDGF*DGSQ�_DGF*C`R X[Z OGo

� ¦�������� ¦K¿��£Á 
B�]ÔS(]NO\DGF W O\]N��D[C�mAj%O\]^fg]NDGF\RTS%M�C\�_DGFIH W_Z F*DGS�4�b W C W LkC PGR%L�UW C\C\]NM�DaÊTR X[Z n
C X[Z F*]NO\O\D�S%RTF#È�DGF\~�D[C\C\DGF\RTS%M_DGStPGR%LKUW C�C\OGo

± ¶
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yÐ�Å	�^Á � « § �V¾G¦ 
y§
:VRTSTh�O\]NJiS�4�bT]kDC\D Z F/�i]ND[LNDgLkJ%h W LND�B�liO�F*DGf W LNC\O\D[LNLNDGS�~TD[C\]NO\P[O�o

� ª
�Ã « §V¯�Ã������ « � ¬ ���
	q¦^Á �Â© « § �V¾G¦ 
y§yÃ  Å « ¿
�A]ND@µ{DGS%M_D4bTDGFt��LNO\DGF\S W O�]k�_DGS�4�RTS_O\DGF�bTDGS%DGS;D[]^S%D4Jij%O�]Ôf W LND W R%C*n
M�D[r UW�Z LNO�r#DGF*bTDGSEC\J�LNLKo

� 
®Ð�Á ���
�A]NDA� W F*C�O\D[LNLÔRTS%MED[]^S%D[C�|qF*J%~%LkDGf½C W LNC}mAj%O\]^fg]NDGF\RTS%M�C�jTF*Ji~%LNDGfQo

� « �Â¾G¦K¿ 
yÐyÅ	�ÂÁ � « § �®¾G¦�
�§
:VRTSTh�O\]NJiS�4�bT]kDgfgD Z F W LNC}SiRTF D[]ÔS%D B�liO`FvDGf W LNC\O\D[LNLND�~�D[C\]NO\P[OGo

»½¼�¾G¦K¿�¦ÂÁ _« §�¯
�ADGFyBuS�O�C X�Z D[]Nb,RTS%M�C�jTF*J�P[D[C\C24�D[]ÔS%D#Jij%O�]Ôf W LND�RTS_O\DGFyfgD Z F*DGFvDGS�µ!UJ_M�LN] X[Z n
hYD[]NO\DGS W R%C\PGR_r�UW�Z LNDGSVo

»½¼�¾G¦K¿�¦ÂÁ _« §�¯VÃG¼  
 � �ÂÁ�¿
B�]ÔS%Dµ�DGS%M�DA��JiSE��LNO\DGF\S W O\]N��DGS�RTS%btPGR%M�D Z UJ%F*]NM�D�zV]ND[L�H RTSTh�O\]NJiSVo

»½¼�¾G¦K¿�¦ÂÁ _« §�¯VÃ[ÄVÁ  ©IÅ ¬® Á�§
B�]ÔSÀÈ�DGFIH W_Z F*DGS�4Vb W C W R%C\M_D Z DGS%b���JiS�D[]ÔS%DGf�mAj%O\]^fg]NDGF\RTS%M_C`jTF*Ji~%LNDGf
D[]^S%D�J%bTDGF�fgD Z F*DGF*DAJij%O�]Ôf W LND�· UJ�C�RTS%M�DGSt~�D[C\O\]^f fOGo

� ÁTÃ[¾  ¦��V¾G¦�
�§��
QÁ �£Á,§ �£ÁTÐ£¦K§V¯ « §�¯
�A]ND}B�]ÔS%C X�Z F[UW SThiRTS%MbTD[CqPGR%LKUW C\C\]NM�DGSEsuDGF*D[] X�Z C#bTD[C#ÊTR X�Z F W RTfgC�b,RTF X[Z
3 LkD[] X[Z RTS%M_DGStJ%bTDGF�Ò�S%M�LND[] X�Z RTS%M�DGSVo

� §®¦¨¿�
yÐ�Å	�^Á � « § �®¾G¦�
�§
:VRTSTh�O\]NJiS�4�bT]kDgSiRTF/D[]^S%D�B�liO`FvDGf W LNC\O\D[LNLND�~�D[C\]NO\P[OGo

� Å  ¦^Å	� �ÂÁ
�A]ND�8#DGjTF[UW C\DGS�O W O\]NJiSQD[]^S%D[C :�F*D[] Z D[]NO\C\M%F W bTD[C�]Ôf zV]ND[L�H¨RTSTh_O\]NJiS%C`F W RTfQo

	�¦ÂÁ �^© « § �V¾G¦ 
y§
B�]ÔS%D�:�RTSTh_O\]NJiS I K LN4,bT]NDNC'D[bTDGf B�LNDGfgDGS_O bTD[CQzV]ND[L�H¨RTSTh_O\]NJiS%C*n
F W RTfgC I D[]ÔS%DGS�F*D[D[LNLNDGS 3 DGF*O�PGR%JiF*b,S%D[O�o

± ¹



�Q¡*�����®� � � �

,xs W L -Y¹ / ÊVoys W L^R0C W o�|£JijTR%L W O\]NJiS_n'~ W C�D[b�]^S X F*DGfgDGS_O W L�LND W S%]^S%M�1y� fgD[O Z J%b�H�JiF
]^S�O�D[MiF W O\]^S%M M_DGS%D[O\] X C\D W F X[Z ~ W C\D[bEH RTS X O\]NJiSEJij%O\]^fg]NP W O�]kJ%S W S%b X Jif�n
jTD[O�]kO�]k�_DtLND W F\S%]^S%M,oad�D X[Z S%] XGW L 8#DGj�JiF*O � µÀÒ n ��Ê_n -Y¹ n ± É�¶�4 � W F\S%D[M�]ND
µ�D[LNLkJ%StÒ�S%]k�_DGF*C\]NO �#4�|�]kO�O\C`~TRTF*M Z 4�|,�?4 ± -�-Y¹,o

, �#�#3�-�-0/¸� o �#JiF\S%D#4Tµ4o��AJiF*]NM�J�4 W S%bQ:�o
3ALNJY��DGF 4�D[bT]NO\JiF*CGo��������
	���������������
� ������� � � ��!"�,o�� W �%]kbtp W O\O�DGF 4TÒ}S%]N��DGF*C�]kO �t|uF*D[C\C24 � W fg~TF*]NbTM�D#4 ± -#-#-To

,º�Aµ�� -�É0/ µ4oT�AJiF*]NM�J 4TÈ�o�µ W S%]kD[P[P[J 4 W S%b���o �#J�LNJiF�S%]�o�d Z D��AS�O}Ê��%C\O\DGf 1�mAj_n
O\]^fg]NP W O\]NJiSc~ � W�X J�LNJiS �aJYH X J%JijTDGF W O\]^S%M W M_DGS�O\C�o#�%$&$'$)(+*,���-� ��./�
� ��!��-�0!��2143�� � �5�6�798:���;7�����	=<'3�>%��*
�?� � ��. �A@B��* �DCFE <'3�>G�5*��� � ��./� 4
´�É�5 ± 7 1x´#-IHi¹ ± 4 ± -�-�ÉTo

,xB�3 3�Ê Ó�Ó /Aµ Bqf f½DGF*] X�Z 4£µ4o�3�F UJ�O\PGS%DGF 4£s}o�3�F*J�C�C24 W S%b4µ4oqÊ X[Z UR%O\P�o@µ�]NliD[b%n
]^S�O�D[M�DGF D[�_J�L^R%O\]NJiS C\O`F W O�D[M���HKJiF X�Z DGf½] XGW L�j%L W S_O�J%j%O\]^fg]NP W O\]NJiSVo Ë S
Ë o �AoE| W F\fgD[D#4gD[bT]NO\J%F 4J$BK5!"LNM � ��!�����*3PO9� � �RQ��S����	T8:���?M%U ��. � MV*,�
W�X <YOZ8\[�]�]"]^ 4�j W M�D[C}Ç�ÇIH É���4�T/D[r#_�JiF\h 4,´ Ó�Ó_Ó oiÊTjTF*]^S%M�DGF�o

, 3ALNJiÌ#-X/ :�o 3 LNJ��_DGF[oyd W ~TR C\D W F X�Z 1%�cO`R%O\J%F*] W LKo9d�D X�Z S%] XGW L�8 DGjTJiF*O ��m(Ì Ó ¶ Ó -�n
Ó ¹ ± -�4TÒ}S%]N��DGF*C�]kO �QJYH �#J�LNJiF W bTJ 4 ± -�Ì#-�o

, 3AJ�L^Ì#-X/ � oVB�o3AJ�LNb,~TDGFvM,oA`a�5��� � ��. X LbQ�!�*� ��c ���D���d14���*,. c 7a��� � ���D�e� � � ��!��gf
8:�". c �����6hi�
�"*
�?���VQ�oy��bTbT]NC\JiS_n�3�D[C�LkD �#4
8 D W bT]^S%M�4 ± -�Ì#-To

,x� 3 È�Ì_¶0/ ÊVoT��]^F\hij W O`F*] X h 4 �Ao%� o 3 D[L W O\O24 W S%bQµ!o%|£oiÈ�D X[X[Z ]Ko�mAj%O\]^fg]NP W O\]NJiSt~ �
C\]^fgR%L W O\D[b W STS%D W LN]ÔS%M�oa1+.5���5��.�24%´�´ Ó 4%¹iÇ�-�Ì�1xÉ�� ± H É�Ì Ó 4 ± -�Ì�¶To

,x��µ���´0/ �go�Ègoi��LND[D W S%b63 o S,o%µ�]^S�O ��oyp/J�r4M_JiJ%b�]NC#O Z D�C�]Ôf�j%LkD[l W LNM�JiFv]kO Z f6=
Ë Sd�
���j5MV��LR� � ���/�a�%�%�.4Tj W M_D[C ± Ç#-�H ± ��ÇTo_� XGW bTDGf½] X |qF*D[C�C24 ± -��_´To

,x·V]NO.-�´0/ �go,·V]NO\O�M�DGF[o9��� � ���D����*
MV�kQ_oqÊTjTF*]^S%M�DGF 4VsuDGF*LN]^S�4 ± -�-�´To
,ºµ�J�C`Ì#-0/ |£oqµ�J�C XGW O\J,o mAS D[��J�L^R%O\]NJiS�4#C�D W F X[Z 4qJij%O�]Ôf½]kP W O\]NJiS�4#M�DGS%D[O\] X�W LNM�J n

F*]NO Z fgC W S%bEf W F*O\] W L W F*O\C21�d�JYr W F*bTCqfgDGfgD[O\] XAW LNM�JiF*]NO Z f½CGoydyD X[Z S%] XGW L
8#DGj�JiF*O ��¶�|aÌ_´�É�4 � W LN]�H�J%F\S%] W S Ë S%C\O\]NO`R%O�D�JYHqdyD X[Z S%J�LNJ�M��#4�| W C W bTDGS W 4
�#�?4 ± -�Ì�-To

,x| W j�- ± / µ4o9| W j W M�D[JiF*M�]NJiRVol��� � �������5*MV�kQ E 1 � � � ���m. c � 7a	�3��?���D�e� . c �/7a� � !5. c ���
� � �e� . c �=n��5*�U � c *,�5�JUioMk*0	���� X ���Y�5�?	�MV�kQ�o(m�LNbTDGSi~�JiRTF*M�4/µaURTS X[Z DGS�4
± -#- ± o

± Ç



, 8#D �TÌ�É0/ 8Ao�3 o+8#D �TS%J�LNbTCGo��AS W b W j%O\]N��D X Jif jTR%O\DGFgfgJ%bTD[LuH�JiF O Z DQD[��J�L^R%O\]�n
JiS�JYH�j%L W S_O X J�LNLkD X O�]ÔS%M W S%btD W F*L�� W MiF*] X R%LNO`RTF*Dg]^SQO Z DD W C\O\DGF�SQ� W LkLND �
JYH�m W l WYXGW 4�µ�D[l%] X J�o Ë S �goqÈgo":�L W STS%DGF �#4�D[bT]NO\J%F 4��aMV��LN�l�9��j5MV� � � E
X *,. c ����.��i!�*,�5Q"���VQ ��� �a������.��7a8:���I��.
!�4yj W M�D[C�¹%¶#-�H Ç Ó_Ó oT� XGW bTDGfg] X
|qFvD[C\C24,Ê W SE�A]ND[M�J 4 �#�?4 ± -�Ì�É�o

, 8#D ��-Y¹ / 8Ao 3 o�8#D �TS%J�LNbTCGo£�AS ]^S_O`F*J%b,R X O\]NJiSEO\J X R%LNO`RTF W L W LNM�JiFv]kO Z fgCGo Ë S @ *,!��
.�
�	����kQ�� !,U ��c � ( c ��* 	 X �?��MV��La<&!�� U �5*,�5�?.
�A!�� $ K5!�LRM � ��!��?��*3 @ *,!��
Q�*,���D�D���kQ W $'@�� 	�
�^�7i14��� O9���,Q�!�7&< X 4Yj W M�D[C ± ¶ ± H ± ¶#-To 3 JiF*LNb�Ê X ]NDGS_n
O\]�� X 4VÊ%]ÔS%M W jTJiFvD#4 ± -#-Y¹�o

, 8#D ��-#-0/ 8Ao�3�o
8#D � S%J_LkbTC�o ��R%LNO`RTF W L W LNM�J%F*]NO Z fgC21yd Z D[J%F � W S%b W jTj%LN] XGW O\]NJiS%C�o
Ë S½� o �#J%F\S%D#4Gµ4oY�AJiFv]kM_J�4 W S%b :�o!3ALNJY��DGF 4�D[bT]NO\JiF*C04V�����0�
	�����B���J�����
� ������� � � ��!"��4�j W M�D[C#¶�É���HT¶����To�� W �i]Nb�p W O\O\DGFF4�Ò�S%]N��DGF*C\]NO ��|qFvD[C\C24 � W f�n
~TF*]NbTM�D#4 ± -#-#-�o

,xÊ X�Z -_Ç0/ po n'|£o�Ê X�Z r#D�H�D[LKo $ K5!�LRM � ��!�� ���?	 ��� � ����MV� 14��������VQ�o Ê%]kl%O Z n
3ADGS%DGF W O\]NJiS �#Jif�jTR%O\DGF�d�D X�Z S%J�LNJ�M �tÊ%DGF*]ND[CGo�3c]NLND ��;Ê%JiS%C24 ± -#-�ÇTo

± É


