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} XM@AN I u H P < H j]Þ @tN H < XW@tP < BSuÌNzP Þ H u6PKRÇß=uAP³P Þzà P�áÊLOV=JMP :=x V2B�â;@ j XM\³NzN H LOJM@A?Q?�PfN I ut@ÈB < L�Z H X j
X H uAX)ã g;ä[��imå V=BSX/ß H�H <æ: X H Þ ß�\ÆN�B < \çB : LWV=PfJWX�LOP²XML :=Þ \èZKBSJW@tP : Xé@tXWX : H X'J H uÈB�L H Þ LOP¸LOV H
ZKBSXW? : uÈBKJ`Xr\;XrL H Nëê � { n { � { ��ì { ��d�í�ä`a V H XM@AN I uA@t?�@tL]\éPSRULWV H NzP Þ H u7NéBSî H X`@tL : X H R : u_@ < R§BSXrL
J H BSu j LO@tN H ?�PSN I : L5BKLW@AP < X�áQV H <'ï³: @A?5î�B < XMá H JMXQBSJ H < H�H Þ H Þ @ < LOV H ?�BSX H XcáQV H < LOV H x H PfN H j
LOJr\éPKR�LOV H-I B�LO@ H < L�ðµX~Z H XWX H u�?�B < ß H B I�I JWP�â;@AN�BKL H Þ ß�\'B�XrLOJWBS@ x V�L�{ < BSJMJWP�áÄ{=? PfN I uA@ÈB < L�á~BSuAu
?5V�B <�< H u ä'a V H NzP Þ H u�V�BSX%ß H H <¸: X H Þ {_RvPfJ H â�BSN I u H {±@ < LWV H ? PfN I : L5BKLW@AP < PSRcß=uAP³P Þ�à P�á
LOV�JWP :=x V�LWV H BSPfJMLOB	B <=Þ ?�P : I u H Þ LWPzLWV H k�j G B <=Þ u : N I¶H Þ NzP Þ H uAX~LWP�XM@AN : uÈBKL H LOV HÄH < LW@AJ H
V : N�B < ZKBSXM? : uABSJQXM\³XML H Nñê �Kí�òÌ: XM@ <=x B�óMXMLWJ : ?EL : J H Þ LWJ H�H ô LWP�XM@AN : uÈBKL H LOV H óWBSJrL H JM@ÈBSu6LOJ H H�ô {
LOV H P < H j]Þ @AN H < XM@AP < BKu£N�P Þ H u£@tX$LOV H ß�BSXW@tXzRvPSJ	LWV H <³: N H JW@A?�BSuQXW@tN : uÈB�LO@AP < X I J H X H < L H Þ @ <
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ê ��ì�í ò BKXWX : N�@ <=x ZKBSJM@ÈBSß�u H�� P :=<�x ð­XsNzP Þ=: u : X£LOV�@AXQN�P Þ H u�V�BSXsß H H <�: X H Þ @ < ê i { ì�í LWPéXrL :=Þ \
I JMP I6H JMLW@ H X¡PSR�ß=utP;P Þ	à P�á B <=Þ LWV H P I LO@AN�BSu Þ H XW@ xf< PSRÇXrL H < LWXÄã I JWPfXrLOV H X H X å @ < LOV H`H <=Þ P�ZKBSX j
? : uÈBSJ	LOJ H BKLWN H < LéPSRÄBSß Þ PfNz@ < BSuQB < H : JM\³XWN ò @ < ê nKí ZKBSJM@ÈBSß�u H�� P :=<=x ð­X�N�P Þ=: u : XéB <=Þ LOV H
P < H j]Þ @tN H < XW@tP < BSu H ïm: B�LO@AP < X-V�B�Z H ß H�H < @tN I u H N H < L H Þ LOP'XrL :=Þ \ H <=Þ P�ZKBSXM? : uABSJ!LOJ H BKLWN H < L
PSR±XML H < PfXM@AX ä
� < X I @[L H PSRÄLWV H B I=I¶H BSJWB < ? H @ < B áQ@ Þ H uA@[L H JWBKL : J H {cá H V�B�Z H RvP :�<=Þ LOV�BKLéLOV H J H BSJ H

X H Z H JOBSu�@tXWX : H X-J H uÈBKL H Þ LWP/LOV H XrL5BSß�@AuA@[L]\�B <=Þ XM@ <=xf: uÈBSJM@tL]\'RvPfJMNéBKLW@AP < LOV�B�L-V�B�Z H$H @tLOV H J < PKL
ß H�H < î < P�á < PSJsLWV�BKL`V�B�Z H < PKL¼ß H�H < ?�PfN I u H L H ut\ :�<=Þ H JMXMLWP;P Þ|ä � < LOV�@AX I B I¶H J`á H�I J H X H < L
B�? PfN I J H V H < XM@tZ H JW@ x PfJWP : X¡N�BKLOV H N�BKLO@t?�BSuÌB < BSut\³XW@tX¡PKR�LOV H :=<=Þ H JWut\³@ <=x ïm: BSXM@AuA@ < H BKJ I BSJMLW@ÈBSuÞ @�� H J H < LW@ÈBSu H ïm: B�LO@AP < X¡áQ@[LOV�LWV H @ < @tLW@ÈBSu=B <=Þ ß¶P :=<�Þ BSJM\ Þ B�L5B�LWV�BKL¡?�PfJMJ H X I P <=Þ LOP I : uAXWBKLO@tu H
ß=utP;P Þ/à P�á
@ < uABSJ x H Z H XWX H uAX ä~a V H J H X : u[LOXQPSR±LOV=@tX I B I¶H J£?�B < ß H X : NzNéBKJW@�� H Þ BSXcRvPfutuAP�áQX ä
��� � H~I J H X H < L¡B!JW@ x PfJMP : X Þ H JW@[ZKBKLO@tP < PSR�LWV H£H ïm: BKLW@AP < X_áQV=@A?5VzBSJ H Pfß�LOBS@ < H Þ : XM@ <=x BKXM\³N I j

LWPSLO@t?�B < BSu[\³XW@AXéPSRÄLOV H @ < ?�PfN I J H XWXM@Aß=u H"! B�Z³@ H J jl9 LOPfî H X H ïm: B�LO@AP < X/@ <æ< BSJWJMP�áÄ{`uAP <�x
?5V�B <=< H utX ò X H�H ê g�í RvPSJ£ß�BSXW@t?-J H R H J H < ? H ä

#$� � H Þ H JM@tZ H LOV H ? P <=Þ @[LO@tP < XéP < LOV H @ < @tLW@ÈBSuQB <=Þ ß6P :=<=Þ BSJr\ Þ BKL5B�LWV�BKL I JWP�Z³@ Þ H XMLOJM@A?EL
V�\ I6H JWß¶PfuA@t?�@[L]\�PSRcLWV HéH ï³: BKLO@tP < X%@ < LWV H J H x @AP < PSRcXMN�P³PSLOV à P�á ä ã } u[LOV=P :=x VÑXMLOJM@A?EL
V�\ I6H JWß¶PfuA@t?�@[L]\�PKR�LOV H-H ï³: BKLO@tP < Xc@tXcBSXMX : N H Þ H Z H Jr\³áQV H J H @ < LOV H ut@tL H JOB�L : J H {³@tLc@tX < PKL
LWJ : H LWV�BKL-LOV H$I JWPfß�u H N áQ@Autu_ß H XMLOJM@A?ELOut\"V�\ I6H JWß¶PfuA@t?�RvPfJÄB < \�@ < @tLW@ÈBSu7B <�Þ ß¶P :=<=Þ BSJM\Þ B�L5B ä�å

%$� � HéI JWP�Z H B x H < H JOBSu�LOV H PfJ H N"{UXrL5BKL H Þ @ < LOV H RvPSJWN�áQV=@A?5V ?�B < H BSXM@Au[\�ß H B I�I uA@ H Þ LWP
LWV H :=<�Þ H JMut\³@ <=x H ïm: B�LO@AP < X�{máQV=@A?5V I JWP�Z³@ Þ H X¡LWV H ? P <=Þ @[LO@AP < X :=<=Þ H J¡áQV=@t?5V'B < @ < @tLW@ÈBSu j
ß¶P :=<=Þ BSJM\�ZSBKu : H¡I JWPfß�u H N RvPfJ�B!V�\ I¶H JWß¶Pfut@A?cXr\;XrL H N PSR I BSJrLO@ÈBKu Þ @�� H J H < LW@ÈBSu H ïm: BKLW@AP < X
V�BKX`B$XMN�P³PSLOV2XMPfu : LW@AP <�ä

&'� � H : X H LOV=@tX LOV H PfJ H N LOP I JMP�Z H LOV�B�L I : uAXWBKLO@tu H ß6P :�<=Þ BSJr\ Þ BKLOB�áQ@AuAu~BSutá~B�\³Xzu H B Þ LWP
XMV=P;?5îçRvPfJWN�BKLO@tP < @ < B < @ Þ H BSut@�� H Þ ß=utP;P Þ Z H XWX H u-LOV=BKL2@AXéZ H Jr\æuAP <�x B <=Þ XrLOJOBK@ x V�L ä
� HéH XMLO@tNéB�L H LOV H LO@AN H B <=Þ utP;?�BKLO@tP < PSR)(�JWXrL XMV=P;?5î)RvPfJMNéBKLW@AP < @ < LOV H ß=uAP³P ÞÑà P�á
I JMPfß=u H N B <=Þ XMV=P�á LWV�BKLc@ < B V H BSutLWVm\�@ <�Þ @tZ³@ Þ�: BSu�{�XMV=P³?5î³X Þ H Z H uAP I á H utu�P : LWXW@ Þ H LOV H
I V�\³XW@tPfuAP x @A?�BSuAu[\	J H u H ZKB < L Þ PfN�BS@ <�ä

*$� � H : X H <³: N H JW@A?�BSu|XM@AN : uABKLO@tP < X�LOP x H LOV H JcáQ@tLWV2LWV H Þ H JM@tZ H Þ H XMLW@AN�BKL H XcLOP	XML :=Þ \2XMV=P;?5î
RvPfJMNéB�LO@AP < @ < L5B I¶H JM@ <=x Z H XMX H utX ä � H PSß�L5BS@ < B/X : J I JM@AXW@ <=x J H X : u[L!áQV=@t?5V�XWV=P�áQX-LOV�B�L
LOB I6H JW@ <=x ?�B : X H X Þ H uÈB�\�@ < LWV H (�JMXML-XMV=P³?5î�RvPfJMNéB�LO@AP <|ä � H�I JWP�Z³@ Þ H B < H â I uÈB < B�LO@AP <
RvPfJcáQV�\'LWV=@AX£@tXcLOV H ?�BKX H ä
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} u[LOV=P :=x V¸ZKBSJW@tP : X%Z H JMXW@tP < X	PSRQLOV HéH ïm: BKLW@AP < X á H XML :=Þ \²@ < LOV�@AX I B I6H J$V�B�Z H ß H H < : X H Þ
ß�\ÊNéB < \ B : LOV=PSJWX'LOPçN�P Þ H u¼ß=uAP³P Þæà P�á LWV=JWP :=x V ? PfN I uA@AB < L/Z H XWX H uAX {%á H V=B�Z H RvP :�<=Þ
LOV=BKLQLOV H Þ H JM@tZKBKLW@AP < PSR±LOV H%H ïm: B�LO@AP < XQXML :�Þ @ H Þ V H J H V�BSX < PSL`BSutá~B�\³X`ß H�H <�Þ H XW?�JM@Aß H Þ @ < B
XOB�LO@AXrR§BS? LWPfJM\ÄN�B <=< H J ä±} X_B¼?�P < X H ïm: H < ? H {�LOV H XWP : JM? H L H JMN�X Þ H XM?�JW@tß=@ <�x LOV H Z³@AXM?�P : X H � H ? LWX
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@ < B�â;@AXr\³N�N H LWJW@A?K{ < BSJMJWP�á+B <=Þ uAP <=x Z H XWX H uAX {|V�B�Z H Þ @ � H J H < LsRvPfJWNzX`@ <"Þ @ � H J H < L¼ut@tL H JOBKL : J H
XWP : JW? H X ä�� PfJ!LOV H XWBSî H PSR¡?�PfN I u H L H < H XMX�B <=Þ ?�PfJMJ H ?EL < H XWX {_á H @ < ?�u :=Þ H LOV H Þ H JW@[ZKBKLO@tP < PSR
LOV H%H ïm: BKLO@tP < XQV H J H ä

a V H J H BSJ H B	?�P : I u H PSR Þ @ � H J H < L!B I=I JWPfBS?5V H X`P < H ?�B < L5BSî H LWPéPfß;L5BS@ < LWV H :=<=Þ H JWut\³@ <=x
H ïm: B�LO@AP < X : XW@ <=x BKXM\³N I LOPSLW@A?�J H Þ=: ? LW@AP < RvJWPSN LOV H R : utufX H L_PKR=@ < ?�PfN I J H XWXM@Aß=u H ! B�Z³@ H J jr9 LWPfî H XH ïm: B�LO@AP < @ <Ê< BKJWJWP�áÄ{ÄuAP <=x ?5V�B <=< H uAX ä��-< H @tX"ß�BKX H Þ P < B I JM@APfJM@ H XMLW@AN�BKL H X�{ÄB <�Þ LOV H
PSLWV H J$P < LWV H < P <=Þ @tN H < XW@tP < BSut@���BKLO@tP < PKR`LWV H :=<=Þ H JWu[\;@ <=x H ïm: BKLW@AP < X ä � < LOV=@tX I B I¶H J á H
L5BKî H LWV H uÈBKLML H J¼B I�I JWP�BK?5V ä � H áQ@tuAu I¶H JMRvPSJWN BSXM\³N I LOPSLW@A?�J H Þ�: ? LW@AP < PKR�LWV H H ï³: BKLO@tP < X!@ << P <�Þ @AN H < XM@AP < BSu;ZKBSJM@ÈBSß=u H XUß�\	@ xf< PfJM@ <=x LWV H L H JWNzX�PSR�PSJ Þ H J��	�~B <�Þ XMNéBSutu H J�{KáQV H J H ��@AXULOV H
JOB�LO@AP�PSR±LWV H áQ@ Þ LOV/Z³X ä LOV H u H <=x LOV'PSRÇLOV H ?5V=B <=< H u ä o XWX H < LO@ABSuAu[\éLOV�@AXc@tXcáQV�BKL£á~BSX Þ P < H @ <
ê g�í�ä
� H XMLOBSJMLQáQ@[LOV2LOV H @ < ? PfN I J H XWXW@tß=u H B�â�@tXM\³NzN H LOJW@t? ! B�Z³@ H J jr9 LOPfî H X H ïm: BKLW@AP < Xs@ < ?E\;ut@ <;jÞ JM@A?�BKu|?�P³PfJ Þ @ < BKL H XÄã�

������� å1ä�a V H 
�?�P³PfJ Þ @ < B�L H @tXQBSuA@ xf< H Þ áQ@[LOV/LWV H B�â;@AX£PSR±XM\³NzN H LOJM\éPSR

LOV H ?5V=B <=< H u ä G!H < PSL H LWV H Z H uAP³?�@tL]\�?�PfN I P < H < LOX%ß�\����&ã���������������� åEä � H (�JMXML�BSXMX : N H
LOV=BKL£LOV H B <�xf: uÈBKJcZ H utP;? @tL]\é@AX£?�P < XMLOB < L`LWPzPSß�L5BS@ < LOV H RvPfutuAP�áQ@ <�x H ïm: BKLW@AP < XsPKR_NzPSLO@tP <� � �� !#" ��� � ���� � " � � � ���� 
 " �$ �&%� 
 � ' ( � � ���� � � " �� � ���� � " � � ���� 
 �*) �� � �� !+" � � � ���� � " ��� � � �� 
 " �$ �&%� � � ' ( � � ���� � � " �� � ���� �-, � �� � " � � � �� 
 �.) �
B <=Þ LOV H @ < ?�PSN I J H XMXW@Aß�@AuA@[L]\z?�P <=Þ @tLO@tP <� � �� 
 " �� � ã/�0��� å� � � h21 ã g;ät��å
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ß H L]á H�H < LOV H XWV=B I6H PSR³LOV H Z H uAP³?�@[L]\ I JMP (�u H Þ H L H JWNz@ < H Þ ß�\ � B <=Þ LWV H ?�PfJMJ H ?ELO@tP < ?�P H � ?�@ H < L	 � � g , 	

	 , � 1
� H ?�B <é< P�á Þ @ � H J H < LO@ABKL H LOV H L H JWN P < LWV H JM@ x V�L¡V�B <=Þ³j XW@ Þ H PKR|LOV H N�PSN H < L : N H ïm: B j

LO@tP < @ < ã g;ät�S��å LOP	Pfß�LOBS@ < LWV�BKL£LOV H JM@ x V�LQV�B <=Þ;j XM@ Þ H-H ïm: BSuAX�
	 � g ' :�� , ã � " gfå 4: 
 � , g ã � " gSå ' 4 1 ã g;ä[��k�å

+ ��� ,.-'/ /68_Û � ×�Ý�Ù±Ö09 Ý�Ö�Ú7Ý�� /ÌÖ'9�Ý�Ù±Ö � 5 2mÙ_Ø � Ý�Ö�× /ÌØ � 9
Ù�2 × -'/ Ü|Ù±Ö09 /ÌØ 13/¶Ú
8_Û � ÖÇ×|ÝÈ×�Ý�/69

� < LOJMP Þ=: ? H LOV H ã§XM?�BSu H ÞÌå ?�JMPfXWX j X H ? LW@AP < BSu7BSJ H B�� � : �!B <�Þ LWV H NzPfN H < L : N ß�BSX H Þ P < LOV H
B�Z H JOB x H Þ Z H uAP³?�@tL]\�� ��� 4 B <�Þ áQJW@[L H LWV HéH ïm: BKLO@tP < X%áQV=@A?5V Þ H XW? JW@tß H ? P < X H JMZKBKLW@AP < PSR
N�BSXWXsB <=Þ NzPfN H < L : N � �� ! " � �� 
 � h �� �� ! " �� 
 � 	 � �� 
 " � $ �&%� 
 � , g��� N�� '�� � 1 ã g;ä[��imå

a P%? uAPfX H LOV H XM\³XML H N�{mLWV H£I J H XWX : J H L H JWN < H�H Þ X�LOPÄß H X I¶H ? @ ( H Þ|ä�a V=@AX_@AX_áQV H J H LOV H Þ @AXrL H <³j
XW@tß=@Aut@tL]\2PSR�LWV H ß=utP;P Þ Z H XWX H uAXÄ? PfN H X!@ < LWP I uÈB�\ ä � < LWV=@AX I B I6H J¼á H : X H LWV H$ô @ <�Þ H�I¶H <=Þ H < L
JW@ <=x N�P Þ H u ô ãWê � { ��n { ����íÈåEäèa V=@AXzNzP Þ H uc?�B < ß H PSß�L5BS@ < H Þ RvJMPfN LOV H ! B�Z³@ H J H ïm: BKLW@AP < X
ê ���Kí RvPSJ H uABSXMLW@A?�N H N�ß=JOB < H BKR�L H J-BSXWX : Nz@ <=x LWV�BKL-LWV H P < u[\"RvPSJW? H$H â H JML H Þ ß�\�LOV H à�: @ Þ LWP
LOV H Z H XMX H uÇá~BSuAutX£@AXcLOV H%I J H XMX : J H PSR±ß=utP;P Þ ã§@ xf< PfJM@ <=x XMV H BSJQXrLOJ H XWX å B <�Þ LWV�BKLsuAP <�x @tL :=Þ @ < BSuÞ @tX I uABS? H N H < LWXsBSJ H < H x uA@ x @Aß�u H ä±a V H J H X : u[LO@ <�x ãvXMLOBKLO@t? å H ïm: B�LO@AP < @tX

% ã�� å ��� 6 � � �� 6 
 ��� � , � �
�
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áQV H J H � 6 @AX£LOV H :=< XMLOJ H XMX H Þ ã§?5V�BSJWBS? L H JM@AXMLW@A? å ? JWPfXMX j X H ?ELO@tP < BSuÇBSJ H BzB <=Þ � 6 @AXcLWV HÄH uABSXMLW@A? j
@tL]\"?�P H � ? @ H < L�ã I JWP I PfJrLO@AP < BSu�LOP/LWV H � P :=<�x ð­X-NzP Þ=: u : X åEä-a V�@AX x @[Z H X!uA@ < H BSJ`J H uÈBKLW@AP < XMV=@ I
ß H L]á H�H < LOV H	I J H XMX : J H B <�Þ JWB Þ @ : X-PSR~B'Z H XMX H u ä	a P2@ < ?�u :�Þ H LOV H R§BK? L-LOV=BKL-LOV H Z H XWX H u�JOB jÞ @ : X�?5V�B <=x H X�XWuAP�á H J�BKL�V�@ x V H J I J H XMX : J H X�ã < P < ut@ < H BSJ�J H X I P < X H {�X H�H�H äµx=ä ê d�íÈå @ < LWJWP Þ=: ? H
I BSJWBSN H L H J��¸B <�Þ"Þ H ( < H % ã � å � � 6 � � �� 6 
 � � � , � � ã g;ä[��ìfå

áQV H J H ��� �~Þ H XW? JW@Aß H X < P < ut@ < H BSJÇXMLOJ H XMX j XrLOJWBS@ < J H X I P < X H ä w BKJ x H �Ñã���� � å ? PfJWJ H X I P <�Þ X
LOP XMLO@�� á~BSutuAX ä � L/ácBKX/J H I PfJrL H Þ @ < ê ��� { gShKí LOV�B�L	� � g I JWP�Z³@ Þ H X'B ô x P;P Þ (=L ô áQ@tLWV
H â I¶H JM@AN H < L5BSu Þ BKL5B ä

o BS?5V²PSRcLWV HéI BKJOBSN H L H JWX%@ < ã g;ä[��ìfå ?�B <¸Þ H�I¶H <�Þ P < 
èB <�Þ ! ä � < ê n { iKí LWV H � P :=<=x ðµX
NzP Þ=: u : X Þ H I6H <=Þ X�P < 
¸LWP�BS? ?�P :=< L%RvPfJ-LOV H ?5V�B <=x H @ < LOV H�H uÈBSXrLO@A? @tL]\ I JWP I¶H JrLO@ H X%PSRcLOV H
?5V�B <�< H uÌácBKuAu�@ < ?�BKX H X�áQV H < B < H <=Þ P�ZKBSXM? : uABSJ I JWPfXrLOV H XW@AX�@AX�@ < XML H JML H Þ @ < LOV H Z H XWX H u ä � < ê kKí
LOV H ? P H�� ? @ H < L � 6 Þ H I6H <=Þ X¡P < ß¶PSLWV 
/B <=Þ ! LOP�BS?�? P :=< L�RvPfJULOV H R§BS?EL�LWV�BKL�LOV H XrLO@�� < H XWX�PSR
? H JMLOBS@ < I JWPfXrLOV H X H Xzã§X H utR j H â I B <=Þ @ <=x XML H < LOX åsÞ H�I¶H <=Þ X!P < LWV H XrLOJWBS@ < B <=Þ @tX¼B	R :=< ? LW@AP < PSR
LO@tN H ê gSg�í�ä � < LWV=@AX I B I¶H Jcá H XWV�BSutu|BSXMX : N H LOV=BKL � 6 B <=Þ � BKJ H ? P < XMLOB < L ä�a V H :=< XMLOJ H XMX H Þ
?�JMPfXWX j X H ? LW@AP < BSuÇBSJ H B � 6 áQ@AuAu6ß H BKXWX : N H Þ ? P < XMLOB < L H â;? H I L¼@ <"9 H ?ELO@AP <�ì áQV H J H á H XrL :=Þ \
LOV H @ <�à�: H < ? H PKR±Z H XWX H u�L5B I6H JW@ <�x P < XWV=P³?5îéRvPfJMNéBKLW@AP <�ä_a V H J H � 6 áQ@Autu�ß H B$R :�< ? LW@AP < PSRC

B <=Þ XM\³XrL H N ã g;ä[��imå @AXcLWV H <�< P <³j V=PfNzP x H < H P : X ä
� H < P�á V�B�Z H B ? uAPfX H Þ XM\³XML H N PKR I BSJMLW@ÈBSu Þ @ � H J H < LO@ABSu H ïm: BKLW@AP < X x @tZ H < ßm\)ã g;ä[��imå B <=Þ

ã g³ät��ìSå1ä � H áQ@AuAu�X H H @ < 9 H ? LW@AP <²i�ät� LWV�BKL LWV=@AX Xr\³XML H N @AX�XMLOJM@A?ELOut\ÑV�\ I6H JWß¶PfuA@t?�áQV H < H Z H J
LOV H ? JWPfXMX j X H ?ELO@AP < BSu`BSJ H B�@AX I PfXW@[LO@[Z H ä � H áQ@AuAu I JWP�Z H LOV�BKLzLOV�@AX	?�B < ß H xf: BSJWB < L H H Þ @ <
LOV H J H x @tP < PSR¡XWNzP;PKLOV à P�áeáQV H < H Z H J%LOV H @ < @tLW@ÈBSu±B <=Þ ß¶P :=<=Þ BSJM\�? JWPfXMX j X H ?ELO@tP < BSu�BKJ H B'@tXx J H BKL H J�LWV�B < � H JWP)B <�Þ LOV H ß¶P :=<�Þ BSJM\ÑZ H uAP³?�@[L]\æã I : uAXWBKLO@tu H Z H uAP³?�@tL]\ I JMP (�u H P < LWV H @ < u H L
ã I JWP�â;@AN�BSu å ß6P :=<=Þ BSJr\ å XOBKLW@AX ( H X$? H JMLOBS@ < B I JM@APfJM@~ß¶P :=<=Þ X ä 9 H�H 9 H ? LO@tP <²i=ä[�fäÑ} utLWV=P :=x V
LOV H J H BSJ H ZSBKJW@AP : XéL]\ I6H X"PKR�@ < @tLW@ÈBSu j ß¶P :=<=Þ BKJM\²ZKBSu : H�I JWPSß=u H N�X/LWV�BKL�BSJ H PKR�@ < L H J H XML�@ <
V H N�P Þ \ < BSNz@A? X�{Ç@ < LOV�@AX I B I¶H J-á H RvP³? : X%P < LOV HzI JMPfß=u H N áQV=@t?5V @tX I PfX H Þ P < LWV H X H Nz@ j
@ < ( < @tL H Þ PSNéBS@ <�
 ���;ã�

� ! å�
 h�� 
 � � � !�� h�� áQ@tLOV�LWV H @ < @tLO@ABSu Þ BKLOB I J H XW?�JM@Aß=@ <=x LOV H
?�JMPfXWX-X H ?ELO@AP < BSu�BSJ H B'B <�Þ N�PfN H < L : N ã§B�â;@ÈBSu7Z H uAP³?�@tL]\ å B <=Þ LOV H ß¶P :=<�Þ BSJM\ Þ BKLOB)ã§P < LOV H
u H R�L H <=Þ PSR7LOV H Þ PSNéBS@ <Ìå I J H XM?�JW@tß=@ <�x LWV HÄI : utXOBKLW@Au H à P�á
JOB�L H ä

a V=@AX I JWPfß=u H Nñ@AX�á H utu j I PfX H Þ B <=Þ á H áQ@Autu~XML :=Þ \¸LWV H ?�P <=Þ @tLW@AP < X�P < LOV H @ < @[LO@ÈBKu¡B <=Þ
ß¶P :=<=Þ BKJM\ Þ BKL5B%LOV�BKL xf: BSJWB < L H H ß=utP;P Þ�à P�áÊáQ@tLWV=P : L~XWV=P³?5î	ácB�Z H RvPSJWN�BKLO@tP <|ä � < LOV H < H â³L
X H ? LW@AP < á H (=JWXML I JMP�Z H B�LOV H PfJ H N áQV=@t?5V I JMP�Z;@ Þ H X$X : � ?�@ H < Lz?�P <=Þ @tLO@tP < X P < LWV H @ < @[LO@ABSu
B <=Þ ß6P :�<=Þ BSJr\ Þ B�L5B"LWV�BKL @tN I ut\�LWV H/H â;@tXML H < ? H PKRsB�XWNzP;PKLOV XMPfu : LO@AP < RvPfJ�B�V�\ I¶H JMß6PSuA@A?
?�P < X H JMZKBKLO@tP < uÈB�á ä�a V HÄI JMP;PSR±J H Z H BSuAX£LOV H ?�P <=Þ @tLO@tP < XcáQV=@t?5V < H�H Þ LOP	ß H XOBKLW@AX ( H Þ RvPfJcLOV H
H â;@tXML H < ? H PSR`B�XWNzP;PKLOV à P�á B <=Þ I JWP�Z³@ Þ H X$LOV H L H ?5V < @ ïm: H X < H ? H XMXOBSJr\èLWP H XrLO@AN�BKL H (�JWXrL
XWV�P;?5î RvPfJMNéB�LO@AP < RvPfJULOV H Þ BKL5B-LOV�B�L Þ P < PSL�XOBKLW@AXrR�\ LOV H ? P <=Þ @[LO@AP < X_RvJWPSNeLOV H LWV H PfJ H N ä � H
áQ@Autu6X H�H LOV=BKL£LOV H-I : uAXWBKLO@tu H à P�á JOB�L H ß¶P :=<=Þ BKJM\ Þ BKL5B�L]\ I @t?�BSutut\�u H B Þ LOP$XWV�P;?5îéRvPSJWN�BKLO@tP <|ä
^`P�á H Z H J�{�RvPfJ�LWV H Þ BKLOB�?�PSJWJ H X I P <=Þ @ <=x LOP)B�V H BSu[LOV�\ @ <=Þ @[Z;@ Þ=: BSu {3(�JMXML$XMV=P³?5î�RvPfJMNéBKLW@AP <
P³?�? : JWX±á H utumP : LOXM@ Þ H LWV H Þ PSNéBS@ <ÄÞ H XM?�JW@tß=@ <�x B < \%X H ? LW@AP < PSR�LWV H V : N�B < ?�@AJM? : uABKLOPSJM\-Xr\;XrL H N
ã g³ä�� N H L H JWX£RvJWPSN LOV H @ < u H L£ß¶P :=<=Þ BKJM\ åEä¡9 H H 9 H ? LW@AP <2i=ä

�
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� < LOV=@tX£X H ? LO@tP < á HÄI JMP�Z H B LOV H PfJ H N áQV=@t?5V I JMP�Z;@ Þ H X£? P <=Þ @[LO@tP < X :=<�Þ H J£áQV=@t?5V"B < @ < @tLW@ÈBSu j
ß¶P :=<=Þ BKJM\�ZKBSu : H�I JWPfß=u H N RvPfJ-B/Xr\;XrL H N PSR�L]á~P ïm: BSXM@Aut@ < H BSJ¼? P < X H JMZKBKLW@AP < uAB�áQX!B Þ Nz@tLOX¼B
?�P < LW@ <m: P : X-XWPfu : LO@tP <|ä%a V H B I=I JMP�BS?5VÑ@AX!XM@ANz@AuABSJ£LOP/LOV=BKLÄPSR¼ê g³��í�ä�a V H$I JMP;PSR�@tX!ß�BSX H Þ P <
LOV H XML :=Þ \�PSRULOV H ß H V�B�Z³@APfJsPSR�LOV H XWPSu : LW@AP < B <=Þ @[LOX Þ H JM@tZKBKLO@[Z H BSuAP <�x LWV H ?5V�BSJWBS? L H JM@AXMLW@A? X
ê �f� { ��g�í�ä a V H NéBK@ < BSXMX : N I LO@tP < @AX$LOV=BKL$LOV H XM\³XrL H N ?�B < ß H áQJW@[LWL H < @ < L H JWNzXzPKR¼LOV H
�����
	�����
���	�����
��������
	������
����� {=PfJ! !����"#�
$�$%�&$'�(�)	*���)$+
�� ä
� H XrL :=Þ \�B g-,)g XM\³XML H N PSR±?�P < X H JrZKBKLO@tP < uÈB�áQX4/. "10 ã 4 å �H� h � 
32�4;� ! � h ã k�ät��å

áQV H J H 4 ã ! �@
 å 254 �%B <=Þ 0 <+4 � � 4 �Ä@AX-B'XMN�P³PSLOV�R :�< ? LW@AP < PSR 4 ä � H XMV�BSutuUBSXMX : N H
LOV=BKL LOV H XM\³XML H N @tX XMLWJW@A?ELOu[\�V�\ I¶H JWß¶Pfut@A?S{ULWV�BKL$@tX�{ULWV H J H'H â;@AXrL L]á~P Þ @tXMLW@ < ?EL H @ x H < ZKBSu : H X�{8 �76_ä � H ?�P < XW@ Þ H J£LOV H BKß6P�Z H XM\³XrL H N @ < ?5V�BSJOBK? L H JW@tXMLO@t?!ZKBSJW@ABSß=u H X

89. " 8 ã 8 ��: å 8 � � h � ã k�ä¨gSå
: . " 6 ã 8 ��: å : � � h � ã k�ä�kfå

áQV H J H 8 B <=Þ :�{ÌLWV H �����
	��;��
<��	*�&��
=���-���
	������)�����QPfJ> !����"#�
$�$?��$'���
	����
$'
=� {ÌBSJ H LOV H :=< î < P�á <
R :=< ?ELO@tP < X¡B <=Þ 8 B <=Þ#6 BSJ H XWNzP³PSLOV	R :=< ?ELO@AP < X�PSR 8 B <=Þ : ä ã � H < PSL H LOV=BKL¡LWV=@AX�J H Þ=: ?ELO@tP <
?�B < BSu[ácB�\³X�ß H Þ P < H uAP³?�BSutut\ ä�å �Ì: JMLOV H JWNzPfJ H {!á H XWV=BSuAuÄBSXMX : N H LWV�BKL�XM\³XrL H N ã k;ät��å @tXx H <³: @ < H ut\ < P < uA@ < H BSJ {;LWV�BKLQ@AX ! D!A@CB� h B <=Þ !�D!�EFB� h @ < LOV H Þ PfN�BS@ <':=<=Þ H J`? P < XW@ Þ H JWBKLO@tP <|äC P < XM@ Þ H J|LOV H RvPfutuAP�áQ@ <=x @ < @[LO@ABSu�ß6P :�<=Þ BSJr\ j ZKBSu : H_I JWPfß�u H N P < LOV H Þ PfN�BS@ <�
 � �;ã�

� ! å�
 ! �h �@
 � ã ! åHG 
 � � �

B�L ! � h < 8 � 8J6 ã�
 å � : �F: 6 ã�
 å ã hIG 
 � � å
P < 
 �+
 � ã ! å < : �FJ�ã ! � 8 å ã k�ä­i�å

áQV H J H á H V�B�Z H BKXWX : N H Þ {=áQ@tLWV=P : L£LWV H uAPfXMX£PSR x H < H JOBKuA@tL]\S{;LWV�BKL 
 � ã hfå � h�ä � H áQ@AuAu6XWV=P�á
LOV=BKL :=<�Þ H JU? H JrL5BS@ < BSXWX : N I LO@tP < X_LWV=@AX±@ < @[LO@ÈBKu j ß¶P :=<�Þ BSJM\sZKBSu : H~I JMPfß=u H N+B Þ Nz@tLOX±B	ã :�< @ ïm: H å
?�P < LW@ <m: P : XsXMPfu : LO@AP <|äUa V H ß�BSXM@A?-V�\ I PSLWV H X H X¼BSJ H LOV H RvPSuAuAP�áQ@ <=x=ä
K ��� ã 9 N�P³PSLWV < H XMX£PSR_LWV H Þ BKLOB å G BKL5BL: 6 � 8J6 B <=Þ J/BSJ HNM � B <=Þ LOV H ß¶P :=<=Þ BKJM\ 
 � 2 M � ä
K #$� ã } I JW@APSJW@ H XMLO@tNéB�L H X åéa V H ß¶P :=<�Þ BSJM\ 
 � @AX < P <;j ?5V�BKJOBS?EL H JM@AXrLO@A? ä T"PfJ HÑI J H ?�@tX H ut\f{8 ã 8 �*: å � 
PO � ã ! å �Q6 ã 8 ��: å P < 
 �+
 � ã ! å B <=Þ

6 ã 8 ��: å , 
 O � ã ! å �SR ã�T 6 �AU �AV å ��W hLG ! G T 6 ��W 
 8 
XG UK��W 
 : 
;G V��
áQV H J H R ã�T 6 �AU ��V å � h�ä

K %$� ã � < @tLW@ÈBSu Þ BKLOB åZY ã 8J6 ��: 6 å�Y�[ F @AX£ß¶P :=<=Þ H Þ B <=Þ 8 O6 ã 
 åHGÊh {P:>O6 ã�
 å � h RvPfJ hIG 
 � � 1
K &'� ã y P :=<=Þ BSJM\ Þ BKL5B å~a V H Þ H�I¶H <=Þ H < ? H PSR\J/P < 8 @tX£X : ?5V�LOV�B�L � J� 8 � h21

��h
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K *$� ã o @ x H < ZKBSu : H X å~a V H�H @ x H < ZSBKu : H X£XOBKLW@AXMR�\ � 8� 8 �Æh � � 6� : � h21
K�� � ã C PfN I BKLO@tß=@Aut@tL]\ å�a V H RvPSuAuAP�áQ@ <=x ?�PSN I B�LO@Aß�@AuA@[L]\	?�P <�Þ @tLW@AP < X£V�Pfu Þ

: 6 ã h�å � J�ã h � 8J6 ã h�åMå
 O � ã h�å , 6 ã 8J6 ã hfå ��: 6 ã h�åWå : O6 ã h�å � � J� ! ã h � 8J6 ã h�åWå
" � J� 8 ã h � 8J6 ã h�åWå ã 
 O � ã h�å , 8 ã 8J6 ã hfå ��: 6 ã h�åMå 8 O6 ã hfå 1

� H XMLOBKL H LOV H LOV H PfJ H N @ < BzRvPfJMN áQV=@A?5V�áQ@Autu�ß H : X H R : u±@ < I JWP�Z³@ Þ @ <=x @ < RvPfJMNéBKLW@AP < BKß6P : L
LOV H J H x @AN H Xz@ < áQV=@A?5VçLOV H à P�á PSRÄß=uAP³P Þ NzP Þ H u H Þ ß�\ ã g;ä[��imå$Þ P H X < PSL H â�V�@Aß=@[LéXMV=P;?5î
á~B�Z H X ä

,.-'/ÌÙ_Ø /6� � � Ô��������
	���
��������������
	����

���
����������! "�
	�#%$�&('*) !�+! . G h ���

-,�.
,��/,0��#213	���.4$���53���
6 ��#7�

-�458	�19#:
3; ã k;ä¨gfå=< ã k;ä­imå ��$�;>,����?�A@B�C.
,0D9�

FEHG�#:	�1���# M � ��	�#7���/,�	�. ã 8 ã ! �@
 å ��:$ã ! �@
 åWå 	�.
���

-$�	�;"��,�. 
 &

I Ø6Ù_Ù�2+� wÇH L 
 � ã ! å ß H LOV H RvPfJrácBKJ Þ ?5V�BSJWBS? L H JW@tXMLW@A? H N�B < B�LO@ <�x RvJWPfN LOV H�I Pf@ < L 
 � h � ! � h�ä
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BSJ xf: N H < L£RvPfJcáQV�\'LOV=@tX£@AX£LOV H ?�BSX H äa V H <m: N H JM@A?�BSumXWPfu : LO@tP < X�á H J H PSß�L5BS@ < H Þ%: XM@ <=x LOV H � @t?5VmLWN�\ H J7L]á¡P!XrL H�I w B�â � H <�Þ JWP �
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LO@tP <"ì;ä­k�ä
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ªÉ� © ¢ � �������¥­�r��°S©E¬���´��1��¦Eº��±�¶�����_¥­�­�§��¥­�U¤l����¤r¥­�_�5��� ���_°S©1�§��©E¢²���¨¤]��¬����±����´��¨¤r�1� �M�MÁ�� ���¨�|¤l© � ���M� �K© ��´��=��©¡��©E¬�¯E��¥�¦	��º 
��� �M¤l© ��´��|���¼� ����¤M�1�Â´��¨�E¤_¤l¦�¤l¥��Eº¶»|���UÃ�¯E¬����M�|© �¼� �������­¯ ����� ��©5���§��©�¤ÂÀQªÉ©E��¢c�1� ��©E�¼�­�¼�������§¦��§� �M¢è���­� �!� �����© � � �M� ©U�§© ¬��Â¤l�6� �r��¢èÍt´��E� ���M´¡¥��­���OÎ������¨¤Â�¡©�¤r¤r¬��Â�=� © ¬�¯E��¥�¦��5� �_¢Ñ´�©5���K�v��� �W�1¢�ªÉ��©E¢��������­��¥­�r�Ì°K© ¬���´��E� ¦ Á�5�Ç�E°K© ¬��
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� H BSJ H BSXMX : Nz@ <�x V H J H LOV�BKL�LOV H :=< XMLOJ H XMX H Þ ? JWPfXMX j X H ?ELO@AP < BSu¶BSJ H B � 6 @AX�?�P < XMLOB < L ä � H BSJ Hx Pf@ <=x LWP I J H X H < L L]á~P�XrL :=Þ @ H X ä �!< H ? P < ? H J < X�XWV=P³?5î�RvPfJMNéB�LO@AP < @ < XM\³XrL H N ã g;ä[��imå áQ@tLWV
LOV H � H JWP%XWP : JW? H L H JWN�{³B <=Þ LOV H PSLOV H J�@ < ? u :=Þ H X�LOV H XWP : JW? H L H JWN �
	`x @tZ H < ß�\�ã g;ä[��k�å áQV�@A?5V
BS? ?�P :=< LWXsRvPfJcLWV H Z³@AXW? P : X H � H ?ELOX ä �!: J <m: N H JW@t?�BSu�XW@AN : uÈBKLW@AP < X¡áQ@Autu�XMV=P�á
LOV�B�L
��� @ < LOV H Xr\³XML H N áQ@tLOV$LWV H � H JMP�XMP : JM? H L H JMNeLOV H (�JMXML�XWV�P;?5î Þ H Z H uAP I X¡BSJMP :=<=Þ�g;ä­� N H L H JMXÞ P�á < XrLOJ H BSN RvJWPfN
LWV H @ < u H L7ß6P :=<=Þ BSJr\éãváQV=@t?5V�@AX±BSJMP :=<=Þ�h�ä­if� X H ?�P <�Þ @ < LOV H ?�BSJ Þ @ÈBS?

?E\;? u H åEò LOV�@AX£@AX£@ < B$Z H Jr\ x P;P Þ B x J H�H N H < LQáQ@tLWV'LOV HÄI J H Þ @t? LO@tP < X£@ <�9 H ? LW@AP <2i=ò
#$� @ < LWV H XM\³XML H N áQ@tLWV$LOV H XMP : JW? H L H JMN x @[Z H < ß�\ �
	 @ < ã g;ä[��k�å {fLOV H LW@AN H B <=Þ LWV H uAP³?�BKLW@AP <

PSRÇLWV H (�JWXrLQXWV=P³?5îéRvPfJMNéBKLW@AP < @AX£XMuA@ x VmLWut\ Þ H uÈB�\ H Þ ã�L�� h�ä�ì;� X H ?%@ < LOV H ?�BSJ Þ @ÈBS?!?E\³?�u H å
B <�Þ LOV H XWV=P³?5îz@AX�uAP³?�BKL H Þ BKJWP :=<�Þ'k N H L H JWX Þ P�á < XMLWJ H BKN RvJMPfN LOV H @ < u H L�ß6P :=<=Þ BSJr\ ò
LWV=@AXÄ@AXÄ@ < BK?�?�PSJ Þ B < ? H áQ@[LOV)LOV H < P <=Þ @AN H < XW@AP < BSu�B < BSut\³XW@tX I J H X H < L H Þ @ <¸9 H ? LW@AP < g
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� Ý � ÛÇØ / � ��� � ¿���©�¤ÂÀéªÉ©E��¢£�5���­© �2�­�2� ��� �§¦��§� �M¢e���­� � � �M� ©$�Â�1�S�r���­��¯"Í[´��E� ���M´'¥������WÎ`�1��´2���µ���2� ������E�K�M� ����¯~©1ª ��� Í[� ©E¥���´s¥­�����OÎ]ºÌ»|���±�v�6©~���¨¤]��¬�� �W��©E�Q�����U¥­�rª �Ç�§��©5�/������¤l© � ���M� �K© ��´�����¯��Â�E´�����Í ��©E�KÎ��1�K´£� ���¢c©E¢c�r������� � ���Q¤M�1�Â´��¨�E¤c¤l¦�¤l¥��ÄÍÉ°S©1� � © ¢£Î������r��� ���£Ã��Â�v��� ��©�¤ÂÀzÍ[´��E� ���M´�¥��­���OÎU�¨�UªÉ©E��¢c�M´�º �±�������£¥­�­�§��¥­�¤l���Â¤l¥����­��´���¤M�5� �W�rÁ�� ���¨�_¤l©E�����M� �K© ��´���� ©s� © ¬�¯E��¥�¦ ��º � ���§�W¤l©E�K´������!� ����¤M�1�Â´��¨�E¤�¤l¦�¤r¥­� º|»|�����v�6©£����¤l� ¬����M��© �� ���¡���­¯ ���_� ��©5��� ���c���1¢c������ªÉ©E��¢£�5���­© �-���EÀE�r���5� ��º����c� �M¤��­�%� ���c¤r�E��´��¨�E¤¡¤l¦�¤l¥��������r�Ä�����c�§�W¤l©E�K´Ä�§��©�¤ÂÀÍ[� ©E¥��¨´s¥��­���WÎ�´��M¹E�M¥­© ���rº

áQV=@t?5V XWV=P�áQX$LOV�B�L$LOV H XMP : JW? H L H JMN @tX PSRsP < H PfJ Þ H J$PKR`N�B xf< @tL :�Þ H XMNéBSutu H J�LOV=B <
LWV H J H XML PSRcLOV H XM\³XML H N ä�a V : X�{ULWV H B < BSut\³XW@tX�PKRcLOV H (�JWXrL XWV�P;?5î)RvPfJWN�BKLW@AP < ß�BSX H Þ
P < LOV H � H JWP�XWP : JM? H L H JMN I JWP�Z³@ Þ H X¼B x P³P Þ H XrLO@AN�BKL H RvPSJQLWV H (=JWXML`XWV�P;?5î'RvPfJMNéBKLW@AP <
@ < ã g;ä[��imå5ä

� @ xf: J H ì;ä�g XWV=P�áQXcLOV H JOB Þ @t@ I JWP (�u H X£BKuAP <=x B ì�j N H L H J~utP <=x Z H XMX H u {ÌBKL~L]á¡P	@ < XrL5B < ? H X�< h�ä­if�
X H ?�P <�Þ X�B <=ÞÑh�ä¨ì³� X H ? P <=Þ X%@ < LWV H ?�BSJ Þ @ÈBK?$? \³?�u H ä a V H XMPfuA@ Þ ? : JrZ H Þ H XM?�JW@tß H X-LOV H JWB Þ @ : X
I JMP (�u H Pfß;L5BS@ < H Þ @ < LOV H XW@tN : uÈB�LO@AP < PSRcXr\;XrL H N ã g;ät��imå áQ@tLOVÑLOV H � H JWP"XWP : JM? H L H JMN äéa V HÞ BSXMV H Þ ? : JrZ H Þ H XW? JW@tß H X¡LOV H XMPfu : LW@AP < PSR6LOV H XM\³XrL H N áQ@tLWVzLWV H XMP : JM? H L H JMN x @tZ H < ßm\ �
	 @ <
ã g³ät��kfå1ä ! PSLO@t? H LOV=BKL£LOV H JWB Þ @ : X Þ H I @A?EL H Þ áQ@tLWV/LOV H XMPfuA@ Þ ? : JrZ H Þ H Z H utP I XsB$XWV=P³?5î/XMP;P < H J�{
@ <�Þ @A?�BKLO@ <=x LOV�BKLzLOV H XWN�BSutu%ã < H x BKLO@[Z H å XWP : JW? H � 	 XWut@ x V�LOu[\ I PfXML I P < H XéXMV=P³?5î RvPSJWN�BKLO@tP <|äa V H JOB Þ @ : X I JWP (�u H XML H�H I6H < X$BSX-LOV H�I : uAX H LOJWB�Z H utX%LWV=JWP :=x V�LWV H Z H XMX H u ä � P :=x V=u[\)BKL g;ä­�
N H L H JWX£LOV H JWB Þ @ : X I JWP (�u H Þ H Z H uAP I X`B$XWV=P³?5î ä

� ��� � -ÇÙ±Ü � 2³Ù±Ø � � ×�Ý�Ù±ÖÊÝ�Ö � × � � /ÌØ /ÌÚÆÜ|Ù3���65mÝ � Ö�× 13/ 9 9 /65
� H BSJ H BSXWX : N�@ <=x V H J H LWV�BKL�� 6 ã�
 å @tXzB Þ H ?�J H BSXM@ <=x R :=< ?ELO@AP < PSR 
 ä � < LOV H <m: N H JW@t?�BSu
XW@tN : uABKLO@tP < X I J H X H < L H Þ V H J H á H V=B�Z H BSXMX : N H Þ LOV�B�L � 6 ã 
 å @AX%B2uA@ < H BSJ!R :�< ? LW@AP < PSR.
 PSR
LOV H RvPSJWN � 6 ã 
 å � � 6 , T � � 6 � 
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}¼< B I=I JWP�BS?5Væß=BSX H Þ P < LOV H < P <=Þ @tN H < XW@tP < BSu`B < BSu[\³XW@AX I J H X H < L H Þ @ <Ê9 H ? LW@AP < g {sPSJ

XW@tN I ut\2Bé? PfN I BSJW@tXWP < ß H L]á H H < LWV H N�B xf< @[L :=Þ H X`PKRULOV H XWP : JW? H L H JMN�X � 	 B <=Þ LWV H XMP : JW? H
L H JWN BKJW@AXM@ <=x$Þ�: H LOP$LOV H ZKBSJM@ÈBSß=u H ?�JMPfXWX j X H ? LW@AP < ã§X H�H ã ì;ä­k�åMå~x @tZ H < ßm\
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 � � � � � � O 6 �
@AN I ut@ H X�LWV�BKLcLOB I6H JW@ <=x PSR7u H XWX¡LOV�B <�� � I¶H J~N H L H J!ã�T �#L2ã ��h N � åMå¡x @[Z H X¡LOV H XMP : JM? H L H JWN
áQV=@t?5V²@AX PSR£LWV H XOBKN H N�B xf< @tL :�Þ H PSJ XWN�BSuAu H JÄLOV�B < � 	Sä)a V H J H RvPfJ H {�LWV H J H áQ@Autu�ß H ut@tLWLWu H
?5V�B <�x H @ < LWV H utP;?�BKLO@tP < PSR~LWV H XWV=P³?5îÑRvPSJWN�BKLO@tP <�Þ=: H LOP2LOV H L5B I¶H JM@ <=x PSR£u H XMX%LWV�B < � � ä
� < � @ xf: J H ì³ä�k á H ?�PfN I BSJ H LWV H XMPfu : LO@AP < XÄPfß�L5BK@ < H Þ : XM@ <=x"<³: N H JW@A?�BSu�XW@tN : uABKLO@tP < PSRcLOV HH ïm: B�LO@AP < X"ã g;ä[��imå áQ@tLWVèLWV H ZKBSJW@ABSß=u H :�< XMLWJ H XMX H Þ ?�JMPfXWX j X H ? LW@AP < BKu`BKJ H B � 6 ã�
 å áQV H J H LOV H
L5B I6H JW@ <�x R§BS? LWPfJ£@AX I J H ?�@AX H u[\ � � I6H J£N H L H J�{XT5� h21­h�� ã§XMPfuA@ Þ uA@ < H å B <=Þ LOV H XWPfu : LO@tP < áQ@tLWV
� H JWPsL5B I¶H JM@ <=x ã Þ BSXWV H Þ uA@ < H å1ä � < BSutuSLOV H XW@tN : uABKLO@tP < X|V H J H LOV H XWP : JW? H L H JWN
áQV=@t?5V BS? ?�P :�< LWX
RvPfJÄLOV H Z³@AXM?�PfXM@tL]\f{ � 	 {_V�BSX�ß H H < LOBSî H < @ < LWP�BS? ?�P :�< L ä2a V H XMV=P;?5î)@ < LWV H LOB I6H J H Þ Z H XWX H u
XMLOBSJMLWX_LOP Þ H Z H utP I BSJWP :=<=Þ$h�ä�ìfd X H ?c@ < B¼?�BSJ Þ @ÈBS?�? \³?�u H BKL k21�k N H L H JMX Þ P�á < XrLOJ H BSN+RvJWPfN LOV H
@ < u H LÇß¶P :=<�Þ BSJM\ ä � H Þ JOB�á²LOV H RvPfutuAP�áQ@ <=x L]á¡P!? P < ?�u : XW@tP < X�<'(=JWXML�{KLWV H (=JWXML±XWV�P;?5î-RvPfJMNéBKLW@AP <
@ < B$L5B I¶H J H Þ Z H XWX H u±áQ@[LOV'LOV H L5B I6H JW@ <�x R§BS? LWPfJQPSR_u H XMXsLWV�B <Ñ� � I¶H JQN H L H J£@AXQ?�utPfX H LOP	LOV H

gKi
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(�JMXML�XWV=P³?5î�RvPfJWN�BKLW@AP < @ < B < P <;j LOB I6H J H Þ Z H XWX H u {UBSX H â I¶H ? L H Þ|ò X H ? P <=Þ {±XWV=P³?5î�RvPfJMNéBKLW@AP <
@ < L5B I6H J H Þ Z H XWX H uAX�@tX Þ H uAB�\ H Þ|ä a V�@AX�@AX�X : J I JW@tXW@ <�x ß H ?�B : X H LOV H ß H V�B�Z³@APfJ :=< ? P�Z H J H Þ
V H J H @tX�P I=I PSXW@tL H LOP"LWV HéH â I6H ? L H Þ ß H V�B�Z³@APfJ%PSR~LWV HéI @AXMLWP < Þ JW@tZ H < ?�PfN I J H XWXM@Aß=u H à P�á @ <
JW@ x @ Þ L : ß H X ä �QH ?�BKuAucLOV=BKLé@ <Æ9 H ? LW@AP < k á H ? PfN I BSJ H Þ LOV H XrLOJ : ? L : J H PSR`LOV H"H ïm: BKLW@AP < X
XML :=Þ @ H Þ V H J H LOP¸LWV H�H ïm: BKLW@AP < X/PSR%?�PfN I J H XWXM@Aß=u H x BSX Þ \ < BSNz@A?�X Þ H XW? JW@tß=@ <=x LWV H�I @tXMLWP <Þ JM@tZ H <�à P�áe@ < B2JM@ x @ Þ L : ß H ä � L%@AX-á H uAu�î < P�á < LWV�BKL Þ H ?�J H BSXW@ <=x ? JWPfXMX j X H ?ELO@tP < BSu�BSJ H B'PSR
LOV H JW@ x @ Þ L : ß H @ < LWV H$I @tXMLOP <�Þ JW@[Z H <�à P�á+áQ@Autu x @tZ H JW@AX H LOP'? PfN I J H XWXW@tP < @ < LOV H XMPfu : LO@AP <
B <=Þ XMV=P³?5î³X	áQ@Autu�RvPSJWN XWP³P < H J ä�a P�?�P < (�JWN LOV H Þ H uÈB�\³@ <�x H � H ?EL�PKR£LOV H Z H XWX H u£L5B I6H JW@ <�x
@ < LWV H ß=utP;P Þ à P�á N�P Þ H u {_á H JWB <²<m: N H JW@t?�BSu¡XW@tN : uÈB�LO@AP < X%áQ@[LOV ì � L5B I¶H JM@ <=x�ä � <�Þ H�H Þ {� @ xf: J H ì³ä­i XWV=P�áQX%LOV�BKL%@ < B'L5B I6H J H Þ Z H XWX H u!ãvXWPfut@ Þ uA@ < H å áQ@[LOV T � h21�hfì LWV H (�JWXrL�XMV=P;?5îÞ H Z H utP I XsBKLQBKJWP :=<�Þ�i�ä¨d N H L H JWX Þ P�á < XMLOJ H BSN RvJWPfN LOV H @ < u H L£ß¶P :=<=Þ BKJM\f{;áQV=@A?5V2@AXcBSJWP :�<=Þh�ä�dfg X H ?�P <=Þ X-@ < LOV H ?�BSJ Þ @ÈBS?%? \³? u H ä T"P�Z;@ H X!XMV=P�áQ@ <=x XMV=P³?5î�RvPfJMNéB�LO@AP < ?�B < ß H RvP :=<=Þ P <
á£á£á 1 N�BKLWV 1­: V 1 H Þ=: � > ?�B < @A? � V H NzP � XMV=P³?5î³X 1� PfXrL I P < H Þ XMV=P;?5î�RvPfJWN�BKLO@tP < ?�B < ß H£H â I uÈBS@ < H Þ ß�\ BÄ? PfN ß=@ < BKLW@AP < PSRÌL]á~P I V H < PfN H < B2<
ã ��å LWJOB < XWN : JWBSu I J H XWX : J H JM@AX H X¡BSX�LWV H ?�JWPSXWX j X H ? LO@tP < BSu¶BSJ H B Þ H ? J H BKX H X-ã§X H H ã g;ät��ìfåMå B <�Þ ã gSå
XW@ xf< BSutX�LOJWB�Z H u�R§BSXrL H J7@ < L5B I¶H J H Þ Z H XMX H uAX~ã§X H H ã ì;äµimåMåUä ^`@ x V-LOJOB < XWN : JOBSu I J H XMX : J H @ < LOB I¶H J H Þ
Z H XWX H uAX�@ < L : J <�x @tZ H X�JW@AX H LWP"LWV H uABSJ x H JÄ?�JWPSXWX j X H ? LO@tP < BSu�BSJ H B"B <=Þ LWV=@AX < H á @ < ?�J H BSX H @ <
?�JMPfXWX j X H ? LW@AP < BSu!BSJ H B�LWJOB�Z H uAXzR§BSXML/LWV=JWP :=x V LWV H�H < LW@AJ H Z H XWX H u�{Qß : L/XMLO@tuAuQ@ < B órLOB I6H J H Þ ô
R§BSXMV=@AP <�ä�9 H H � @ xf: J H ì;äµi=äUa V=@tX�BSuAutP�áQXUV=@ x V H JUZSPfu : N H à P�á LWV=JWP :=x V$LOV H ?5V�B <=< H u¶B <�Þ LWV : X
uÈB�L H J�XWV=P³?5î�RvPfJMNéB�LO@AP <|ä�a V=@AX$@tX$B�?�J : ?�@ABSu I uÈBS? H áQV H J H LOV H L]á¡P I JWPfß=u H NzX'ã�LOV H'I @tXMLWP <Þ JM@tZ H < ?�PfN I J H XWXM@Aß=u H à P�áÊLWV=JWP :�x VéLOV H ?5V�B <�< H u�áQ@[LOV (�â H Þ ácBKuAuAX¡B <=Þ LOV H ó I : utXOBKLW@Au H à P�áÞ JM@tZ H < ô @ < ? PfN I J H XMXW@tß=u H à P�á LOV=JMP :=x V�?�PSN I ut@ÈB < LcZ H XMX H utX å£Þ @ � H J£X : ß=XrL5B < LO@ABSuAu[\ ä
! PSLW@A? H LOV�B�L-@tR�á H : X H$H ï³: BKLO@tP < ã i=ä[����å LOP H XrLO@tNéBKL H LWV H LO@tN H PSR�LOV H (�JMXML-XMV=P³?5î�RvPfJ j

N�BKLO@tP < H Z H < @ < LOV H ?�BKX H áQV H < LWV H :�< XMLWJ H XMX H Þ ?�JWPSXWX j X H ? LO@tP < BSu7BSJ H Bz@AX£ZKBSJW@ABSß=u H {�XWN�BSuAu H J� 6 u H B Þ XcLWP LOV H uÈB�L H J~XWV=P³?5îéRvPfJMNéBKLW@AP < {³áQV=@t?5V"@tX£?�P < XW@AXrL H < LQáQ@[LOV'P : J ( <=Þ @ <�x X ä p H�H I @ <
Nz@ <=Þ {¶V=P�á H Z H J�{ÇLOV�B�L H ïm: B�LO@AP < ã i=ä[����å ácBSX-PSß�L5BS@ < H Þ ßm\�BSXWX : Nz@ <=x LWV�BKL � 6 @AX`?�P < XrL5B < L ä� PfJ�XWN�BSuAu Þ H Z;@ABKLO@tP < X�@ < � 6 H ï³: BKLO@tP < ã i�ät���få XMV=P : u Þ XMLW@AuAu I JWP�Z³@ Þ H B x P³P Þ H XMLW@AN�BKL H RvPfJ !�� ä
� H ? P < ? u :=Þ H LWV=@AX¼X H ?ELO@tP < ß�\�B/?�PSN�N H < L-J H uÈB�L H Þ LWP/LOV H @ <�à�: H < ? H PKR I BSJOBSN H L H J ��{Þ H XW?�JM@Aß=@ <=x LOV H uA@ < H BSJ�� < P < uA@ < H BSJ`J H X I P < X H PSR~LWV H Z H XMX H u�ácBKuAu�{ÇP < XWV=P³?5î�RvPfJMNéBKLW@AP <�äz} X

N H < LO@tP < H Þ @ <æ9 H ? LW@AP <Æg {cLOV H uA@tN�@[L � � � ? PfJWJ H X I P <�Þ XéLOP XMLO@��ÊácBSutuAX {QB <=Þ uABSJ x H �
áQ@Autu�u H B Þ LOP H BKJWut\ ô XOB�L : JWBKLO@tP < ô @ < JWB Þ @ÈBKu Þ @tX I uABS? H N H < L ä � < PSLOV H J�á~PSJ Þ X {;V=@ x V H J I J H XWX : J HÞ @�� H J H < ? H � % @AX < H�H Þ H Þ RvPfJ_B x @tZ H < JWB Þ @ÈBKu Þ @tX I uABS? H N H < L Þ @�� H J H < ? H � : { : � : 6 {f@ < ?�BSX H
PSRÇB%uÈBSJ x H J � ä ��: JrLOV H JWNzPfJ H {³LWV H¼H â I J H XMXW@tP < RvPfJ�LOV H`H @ x H < ZKBSu : H X-ã ì;äµimå @ <=Þ @t?�BKL H X�LOV�B�L~LOV H
N�B xf< @[L : L H PKR~LOV HéH @ x H < ZKBSu : H X%@ < ? J H BSX H X�áQ@tLWV�@ < ?�J H BSXM@ <=x ��{±áQV=@t?5V N H B < X%LWV�BKL�XW@ xS< BSuAX
LOJWB�Z H u±R§BSXML H J¼LWV=JWP :�x V�XMLW@ � H J`á~BSutuAX$ã§BSutLWV=P :=x V�áQ@tLWV�XWN�BSuAu H JsBSN I uA@[L :=Þ H X å1äH� @ < BSuAu[\f{Ì@tR�á H
: X H�H ïm: BKLO@tP < X¡ã i�ät���få B <=Þ ã i=ä[����å LOP H XrLO@AN�BKL H LOV H utP;?�BKLO@tP < PSR³LOV H (�JMXMLÇXMV=P;?5î!RvPSJWN�BKLO@tP < {�á H
X H H LOV�B�L�@ < XrLO@ ��Z H XWX H uAX�XWV�P;?5îmX�RvPfJWN R : JrLOV H J Þ P�á < XMLWJ H BKNeRvJWPfN LOV H @ < u H LUß¶P :=<�Þ BSJM\ äUa V=@tX
@AXQX : I=I PfJML H Þ ß�\2LOV H <m: N H JW@t?�BSu�XM@AN : uABKLO@tP < X I J H X H < L H Þ @ < � @ xf: J H ì;ä�ì;ä ! PKLO@A? H LWV�BKL H Z H <
RvPfJ±B`XMNéBSutu Þ @ � H J H < ? H @ < LWV H~I BKJOBSN H L H J ��{ < BSN H u[\�� � g Z³X ä � � k {�LOV H Þ @ � H J H < ? H @ < LOV H
uAP³?�B�LO@AP < PSR7LOV H (�JMXMLsXWV�P;?5îéRvPSJWN�BKLO@tP < @AX£JWBKLOV H J I JMP < P :=< ? H Þ ã g 1­� � Z³X ä�i � Þ P�á < XMLWJ H BKN
RvJWPSN LOV H @ < u H L!ß¶P :=<=Þ BSJM\ åEä$a V�@AX-@AX-ß H ?�B : X H XM@ xf< BKuAX¼LWJOB�Z H uUR§BSXML H J-@ < XrLO@ � H J!Z H XMX H utX�B <=Þ
ß H ?�B : X H (�JWXrL!XWV�P;?5î'RvPfJMN�XQuÈB�L H JQ@ < XMLW@ � H J£Z H XWX H uAX ä � @ xf: J H ì;ä¨ì BSuAXMP�@ <=Þ @t?�BKL H XQJOB Þ @ÈBSu|á~BSuAuÞ H RvPfJWN�BKLO@tP < X£BKJ H XWN�BSuAu H J¡@ < XMLW@ � H JcZ H XWX H uAX ä

gfì



�������� ÖÇÝ	�Ü � ÖÇÚ�

��� ��� Ý��

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
8

8.1

8.2

8.3

8.4

8.5

8.6

8.7
x 10

−3

vessel length in meters

v
e

s
s
e

l 
ra

d
iu

s
 i
n

 m
e

te
rs

beta=2
beta=3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−0.2

0

0.2

0.4

0.6

0.8

1

1.2

cardiac cycle

In
fl
o

w
 v

e
lo

c
it
y
 (

m
/s

)

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
8

8.1

8.2

8.3

8.4

8.5

8.6

8.7
x 10

−3

vessel length in meters

v
e

s
s
e

l 
ra

d
iu

s
 i
n

 m
e

te
rs

beta=2
beta=3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−0.2

0

0.2

0.4

0.6

0.8

1

1.2

cardiac cycle

In
fl
o

w
 v

e
lo

c
it
y
 (

m
/s

)
� Ý � ÛÇØ / � � � � ¿���©�¤ÂÀ ªÉ©E��¢c�1� ��©E�é¤l©E¢c���E� �¨� ©E�	°S�l�v���r�M�z�����!¢~©�´��M¥��~���­� � �2� Ï��1�K´��2� ��º�»|����v��©-����¤l� ¬����M��©E��� ���Q¥­�rª �~� ��©5��� ���s¤r©E��� �W�§�S©E�K´��­��¯¼�Â�E´��­�7ÍÉ� © �KÎ��1�K´�� ���Q¢c© ¢~�M�����­�$© ���Q¤r�E��´���� ¤~¤r¦�¤l¥��ÍÉ°S©1� � © ¢£Î������r�¡� ���|Ã��Â�§��� ��©�¤ÂÀQÍ�� ��ÏEÎ;��� ���v¬��v��ªÉ© � ¢c�W´�º �±�=� ���|¥��µ� � ¥��Ç¤l����¤r¥­������´��¨¤r�5���M�MÁ1��������¤r©E��� �W�§�S©E�K´��� ©c��©E¬�¯ ��¥�¦ ��º���� �M¤r©E��´������-�¡¤M�1�Â´���� ¤±¤r¦�¤l¥��Eº�»|���U�v��©¡���¨¤]��¬����M�|©E�`� ���_����¯E���|� ��©5��� �������1¢c�U�­��ªÉ© � ¢£�1� ��©E����EÀE�M�¼�1� ��º � �c�§�W¤±���-�c¤r�1�Â´��¨�E¤_¤l¦�¤l¥��U�����r�¼�������§�W¤l© ��´`� ��©�¤ÂÀ%Í�� � � Î��K�E���v¬��§��ªÉ©E��¢c�M´�º

� � Ù±ÖÇÜ$5mÛ09�Ý�Ù±Ö
� < LWV=@AX I B I¶H J"á H Þ @tXW? : XWX H Þ XWPfN H ß�BKXW@A?�NéB�LOV H NéBKLW@A?�BSu!@AXMX : H X�J H uÈBKL H Þ LWP LOV H @ < @[LO@ABSu
ß¶P :=<=Þ BKJM\ j ZKBSu : HQI JWPfß�u H N RvPfJ�B ïm: BSXM@Aut@ < H BSJ�XM\³XML H N PSR�Vm\ I¶H JMß6Pfut@A? H ïm: B�LO@AP < X!ã g;ä[��imå N�P Þ;jH ut@ <=x I : utXOBKLW@Au H ß�uAP³P Þ�à P�á @ < uABSJ x H Z H XWX H utX ä � H RvP³? : X H Þ P < LWV H ïm: BKXWuA@ < H BKJ H � H ? LOX¼X : ?5V
BSXÄXWV�P;?5î�RvPSJWN�BKLO@tP < @ < XrLOJOBK@ x V�LÄB <�Þ LOB I6H J H Þ ? PfN I uA@ÈB < L`Z H XWX H uAX {UB <=Þ B I JW@APSJW@ H XMLW@AN�BKL H X
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