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Digital Equipment Corporation has four research facilities: the Systems Research Center and the
Western Research Laboratory, both in Palo Alto, California; the Paris Research Laboratory, in
Paris; and the Cambridge Research Laboratory, in Cambridge, Massachusetts.

The Cambridge laboratory became operational in 1988 and is located at One Kendall Square,
near MIT.  CRL engages in computing research to extend the state of the computing art in areas
likely to be important to Digital and its customers in future years.  CRL's main focus is applica­
tions technology; that is, the creation of knowledge and tools useful for the preparation of impor­
tant classes of applications.

CRL Technical Reports can be ordered by electronic mail.  To receive instructions, send a mes­
sage to one of the following addresses, with the word  help  in the Subject line:

On Digital's EASYnet: CRL::TECHREPORTS
On the Internet: techreports@crl.dec.com

This work may not be copied or reproduced for any commercial purpose.  Permission to copy without payment is
granted for non­profit educational and research purposes provided all such copies include a notice that such copy­
ing is by permission of the Cambridge Research Lab of Digital Equipment Corporation, an acknowledgment of the
authors to the work, and all applicable portions of the copyright notice.

The Digital logo is a trademark of Digital Equipment Corporation.

Cambridge Research Laboratory
One Kendall Square
Cambridge, Massachusetts  02139
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iU�C%f g�>[O�� O'g�>[@�g f U%QXf J�VWVZOtQ f pP>AQ CP_�C#BYCF] C�ceO^c p�c BZOtN gXC%c?NPO#C#Q<BT]LJ�>AE _<>AQ�@ C

cepLceBZORN BWgXCFB�f U�MXO#c���OREAE��T>[BZg�>AN M U%VZBDCFQuB ceMXO#f > CFEHftC%ceO#c���aTO#f OtQuB��\U�V��PU�Q N
J�E[BZ>��

EAO�� OtE cepLceBZORN�c�ceJ�@%@�O#c BYc^C*cepLceBZORN�CFBW>`f��TCtp�U��'MLVZU��<> _<>AQL@&g�>[@�g f U�Q f J�VZVWOtQXf p����

N
J�E[BZ>�� E[O�� OtE cepLceBZORN JXce>[Q�@*EAUuf��Lc	M ORVZNP>[BYc�VWO#ceBWVZ> f BZ>�� OPEAU�� EAO�� OtE�E[Uuf �Lc	U!� C ceJL]��

BZVYC#QXcZC%f BZ>[U�Q*BWUP]XO VZOtM�E C�f Od_"�T>ABWg*EAO#cWcbVWO#ceBWVZ> f BZ>�� O�gL>A@�g*E[O�� OtE EAUuf���c#�TgLOtQ CPceJL]��

BZVYC#QXcZC%f BZ>[U�Q f U%NPNP>ABDc s#g�OtQXf O'OtQ�gXC#QXf >[Q�@ f U%QXf J�VWVZOtQ f p$�%
�gL>`c > c�MXU cZc >A]�E[O']XO#ftC#JXceO

ceJ�]�� BZVDCFQXcWC�f BW>AU%QXc�ftCFQ ] OTJLQX_<U�QLOT]<p�O�&LO#f J�BW>AQ�@TgL>A@�g E[O�� OtE f U�NPMXOtQ cZCFBW>AU%Q C�f BZ>AU%QXc

VYCFBWg�OtV BZgXC#Q�]up�VWO#ceBWU�VZ>[Q�@*C&MLVZ>AU%V EAU���ORV	EAO'� OtE�ceBDCFBWO$�)( O�_<O#cWf VZ>[]XO�C&VZO#f U!� ORVZp

cZfYg�OtNPO sXfRCFEAE[O#_+*&JLEABZ>�� h$O'� OtEHabOdf U�� OtVZp�,.-0/21"3TBZg CFB�EAU%@ c'BZg�> c?g�>[@�g EAO�� OtEiJLQX_<U

U�MXOtVYC#BZ>[U�Q4�T>ABWg BWg�O f U�NPN >AB�VZO#f U�VY_5� U�VPBWg�O*c J�]�BWVYCFQ cZC�f BZ>AU%Q BZgXC#BP>AB^f U�NPMXOtQ��

cZCFBWO#c s MXU c BZ>[Q�@ EAU%@�VWO#f U%VY_�c�BZU	U%Q�EAp^C ce>[Q�@�E[OTEAU�@6�7�8�%C#VZ>`C#Q<B\U!� BZg�O NPOtBWg�Uu_
f U�MXO#c

�T>ABZg*QLO#ceBWO#_ BWVYC#QXcZC%f BZ>[U�QXc s!CFQ _ ]XU�BWg�Q�O#c BZO#_ CFQ _ N^J�EABW>9� EAO��%OtE$BWVYC#QXcZC%f BZ>[U�QXc ftCFQ

] O�BWVZO#C#BZO#_P>AQ C	J�QL>;:XO#_<� C%ceg�>[U�Q=�

> ORp?�\U�VY_Lc�@!N^J�EABW>9� EAO��%OtE<BWVYC#QXcZC%f BZ>[U�QXc s E[U�@�@%>AQ�@Ls VWO#f U�� OtVWp s g�>AOtVDCFVDf g�> ftCFE c p�c BZOtN�c

fA

=?>[@�>ABDCFEHG�I J�>AM�N OtQ<BTS�U%VZMXU�VDCFBZ>[U�Q�lRj�j<lB���?E[E$VZ>[@�guBYc�VWO#ceOtV�� O#_��





l

� �������	��

�����������

����� �������� !�#"%$	�'&  )(+*-,+./(0�213��(4& �2*-5!$�6)"

*&U ceBPU���U�J�V J�QX_<OtVDceBDCFQX_<>[Q�@�U�� f U�QXf JLVZVZORQXf p�f U%Q<BWVZU%E'C#QX_ VZO#f U!� ORVZp s!O$� @�� B.��U

M�g C�ceO EAUuf��<>[Q�@87:9<; sXceOtVW>`CFE[>>=#C#]�>AE[>AB p	BWg�OtU%VZp
7:?<; sLCFQX_�]XO�� U�VWO�� >[N�CF@%O�m#C�� BZOtV�� >[N�CF@%O?VWO��

f U�� OtVWp@7 j<;H>`c ]XC�c O#_&U�Q BZVWO#CFBW>AQ�@ _<>`cBA U�>[Q<B'VWO#ceU%J�VYf O#c?>AQ CPJ�Q�>;� U%VZN CYc >AQ�@%EAO E[O�� OtEBD

� Cdp���E�J�BRs��Tg�OtQ O�& CFN >AQ�O#_'>[Q^_<OtBYC#>AE s _�CFBDCF]XC%ceO�c p�c BZOtN c c J�M�MXU�VWB N^J�E[BZ>AMLEAO!E[O�� OtE`c

U��HCF] ceBZVDC�f BW>AU%QPC#QX_ O�&�M�E[U�>[B BWg�OTEAO�� ORE`ciBZU�>ANPMLVZU�� O�f U%QXf J�VWVZOtQXf p$��E�OtE[U���CFVWO'C � O'�

U���BZg�O�N^J�EABW>9� EAO��%OtEXftC%ceO#c�O�&�M�E[U�>[BZO#_
]up�c U�NPO'O�&�> ceBZ>[Q�@ c p�c BZOtN c��

F

*&JLBZJXC#E O�&Xf E[JXce>[U�Q �<> C�C�c OtN�C#M�g�U�VWO?@%JXCFVDCFQuBZOtOdc�CFBWU�NP> f >AB p'U��HMXCF@%O �TVZ>[BZO#c��

F

E�� BZVWOtO*f U�QXf JLVZVZORQXf p�NPOtBWg�Uu_�c g�U�E _ EAUuf���c U�Q >[QX_<O�& Q�Uu_<Odc U%Q�EAp5� U%VPBZg�O

_uJ�VYC#BZ>AU%Q&U���C BZVWOtO ceBZVWJXf BWJ�VZO fYgXCFQ�@%OG7 l�9usiltqH; �

F


�gLO �'a�IeG	J VZO#f U!� ORVZp N OtBZg�Uu_K7 lML/;�EAU�@ c&U�MXOtVDCFBZ>[U�QXc&BWgXCFB J�M _�CFBWO�_<> c �

M CF@�Odc s?]LJ�B�CFVWO*VZO�� >AQuBZORVZM�VWOtBZO#_ , >;��Q�Odf O#cZcWCFVWp 3^_uJ�VZ>[Q�@�VZOdf U�� OtVZp�BWU�J�QX_uU

C VZOdf U�VD_ JLM$_LCFBZO O�� OtQP> �!BWg�O�VZO#f U�VY_PgXC%cbN U!� Od_ BWU^C
_<>ON OtVZOtQuB�M CF@�O��

���QP R8S!T4(U,0��,+*V&  W(+*X,+.ZY[�21\�](_^3`a"b*c�]de"

*&J�E[BZ>�� E[O�� OtE$BWVYC#QXcZC%f BZ>[U�QXc ��OtVWO	N�C%_<O	O�&LM�E[>`f >[BT>AQV7 lgf<s!lRj�siq<; � 
�gLOtU�VWOtBZ> ftCFE���U%V �

� C�cTVZOtMXU�VWBZO#_P>[Q
7 l%siltr�s$lg?H; sLCFQX_ ceMXO#f > CFEifRC�ceOdc���OtVWO	_uO#cZf VW>A]XO#_
>[Q@7ih sXj<sil#nus$ljL/; �

�?Q >ANPM�E[OtN^OtQ BYC#BZ>AU%Q	U��!N^J�EABW>9� EAO��%OtEucepLceBWOtN VZOdf U�� OtVZp s%VZO#c BZVZ> f BZOd_ BWU	B.��U EAO�� OtE c s#>`c

_<OdcZf VW>A]XO#_P>AQ@7 q%r<; ��k?OtVZO ��O�]�VZ>[OjlXp f g CFVYC%f BZORVZ>>=RO'N
JLEABZ>�� E[O���OREXcepLceBWOtN�c��

( OP]XOt@�>[Q�]upk_<O#cZf VZ>A]L>AQ�@mCZE Ctp OtVYc0D U!� C&N^J�EABW>9� E`Ctp�OtV�cepLceBWOtN*s CFQX_�BZgLOtQ�_<> c �

BW>AQ�@%J�>`c g�B.��U �u>AQX_Lc U��TE Cdp ORVYc s CnCZN^J�E[BZ>9� EAO'��OtEoD	E`Ctp OtV�C#QX_�C�Q�O#c BZO#_&BWVYCFQ cZC�f BZ>AU%Q

E Cdp ORV��HG�C�fYg E`Ctp OtViU!� C?N^J�EABW>9� E`Ctp O V cepLceBWOtN VZO#C#EA>>=RO#c C�ceOtB!U�� CF]Xc BZVYC%f B\ceBDCFBZOdc s O#C�fYg

VWOtM�VZOdceOtQuBZO#_�]<p C
QuJ�N^]XOtVTU!�\EAU��\OtV?E Ctp OtV ceBDCFBZOdc���G�C�fYg*E`Ctp OtV c OtO#c'c BYCFBWO BZVDCFQXc >9�

BW>AU�Q c�>AQPBWg�O � U�VZN U!� CFBWU�NP> fbU%MXOtVYC#BZ>AU%QXcTM�VZU��u>`_<O#_^]<p^BZg�O�Q�O�&LB�EAU��\OtV�E Cdp ORVtsuCFQX_

JXc O#c BWg�OtN�BWU'M�VWU!�u>`_uOTCFBWU�NP> f U%M ORVYCFBW>AU%QXc!BZU'BWg�OTQ�O�&LB gL>A@�gLOtV!E`Ctp OtV'����E`Ctp OtVHBZguJXc

BWVYCFQ c � U�VWN�ciBZg�O c O#IKJLOtQXf O�U!� U%M ORVYCFBW>AU%QXc BZg CFB%�\OtVZO\ceJLM�M�EA>[O#_�BWU'>ABH>AQuBZU U�MXOtVDCFBW>AU�Q c

BWgXCFB >AB c J�M�M�E[>AO#c�BZU^>ABYc�J ceOtVDc��

� N^J�EABW>9� EAO�� O E - / cepLceBWOtN O�&�M�E[U�>[BYc'BZg�O�E Cdp ORVYc'U!��C#]XceBWVYC�f BZ>AU%Q f U�NPN U�Q*>AQ

NPU ceB\cepLceBWOtN�ciBZU OtQ�gXC#QXf O�f U�QXf J�VZVWOtQXf p$�!S�U%QXf J�VWVZOtQXf p^f U�QuBZVWU�E CFQX_^VZO#f U�� OtVWp CFVZO

f U%QXf OtVWQ�O#_PJ�E[BZ>AN CFBZOREAp��T>ABWg&OtQ ceJ�VW>AQ�@ BWgXCFB BZg�O cepLceBWOtN ]XOtgXC��u>AU�V�CFB BZgLO�gL>A@�gLO#ceB

E Cdp ORV�> c	f U%VZVWO#f B��pE�pk_<O�:XQ�>[Q�@*C&E Ctp OtV'BZU*]XO�C�qsr/tXrZqTU���C�N
JLEABZ>�� E[O�� O E!c p�c BZOtN*s
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CFQ **h�cepLceBWOtN ftC#Q*O�&LM�EAU%>AB'BWg�O4lXO�&L>A]�>[EA>[Bep^U!�bf gLU U ce>[Q�@ CFNPU%Q�@PBWg�O EAU���ORV?E Cdp ORV

ceBDCFBWO#c'BZgXC#B'VZO#C#EA> =tO C�_<O#c >AVWO#_&g�>A@%g*E`Ctp OtV�ceBDCFBZO�� **h f U�QXf J�VZVWOtQXf p f U%Q<BWVZU�E Q�OtO#_

U�QLEApPOtQ ceJ�VWO�BWgXCFB f U�NPNP>[BZBWO#_	BZVDCFQXcWC�f BW>AU�Q c :XQL>`ceg�>[Q U%Q�O�U!��BWg�O'E[U!� EAO'� OtE ceBYC#BZO#c

BZg CFB'VWO#CFE[>>=tO#cTC^g�>A@%g*EAO�� OtE ceBDCFBZO MLVZU��<> _<>AQL@
g�>[@�g*E[O�� OtEic OtVZ> CFE[>>=#C#]�>AE[>AB p$�2*&U�VZO >AN��

MXU�VWBYCFQuBZE[p siU�Q�C#]XU�VZBRs!C�EAO�� OtEHU!�bCFQ **h cepLceBWOtN Q�ORO#_ U%Q�EAp*]XO^VZOtBWJ�VZQLO#_ BWU�BZg�O

ceBDCFVWBZ>AQL@
g�>[@�g�EAO'� OtE ceBYC#BZO s�]LJ�B?QLU�BTQ�O#f O#cZcWCFVZ>[EAp^BZg�O c BYCFVWBZ>[Q�@
E[U�� E[O�� OtE ceBDCFBZO��


�g�O&E[U���O#c B E`Ctp OtV	U�� CFQ **h c p�c BZOtN _<>AVWO#f BZE[p�MLVZU��<> _<O#c C#]XceBWVYC�f BZ>AU%QXc
J�MXU%Q

�Tg�> f g c JXftf OtOd_<>AQ�@ E`Ctp OtVDcPftC#Q ] O ]�J�>[EAB'� 
�g�O c p�c BZOtN CFE ceU�M�VZU��u>`_<OdcPC�ceOtB�U!�

ceORV �u>`f O#cHBZU�BZg�OT>[NPM�E[OtN
ORQ<BWU�ViU!� C'EAO�� OtE � I � C#Q
>[NPM�EAORN
OtQuBZU%VH_<O#c >AVZOdc BZU _<O�: Q�O?gL>`c

E`Ctp OtVHC%c!C?E[O�� OtE stBWg�O#c OTOtQXCF]LEAO�BWg�O�BDCF>[EAU�VW>AQ�@�U!� f U%QXf J�VWVZOtQ f p f U�QuBZVWU�ELCFQX_ VZO#f U!� ORVZp

BZUkBZg�O Q�OtO#_�c^U!� BZg�O EAO�� ORE �4�?Q >[NPM�E[OtN
O QuBZU�V ftCFQ C#E`c U�>A@%Q�U�VWO*BZg�O#c O*c OtV �u>`f Odc

CFQ _ J ceO'Q�OdceBZOd_
BZVDCFQXcWC�f BW>AU�Q c sXBZguJXc O�&LM�E[U�>ABW>AQ�@�BWg�O�ftC#MXCF]�>[EA>[BZ>AOdc M�VWU!�u>`_uO#_ ]up^BZg�O

VZOdf U�� OtVYC#]�EAO�C#]XceBWVYC%f BZ>[U�QXc?U���BZgLO	EAU��\OtVTEAO�� ORE`c��	J JXf g C QLO#ceBWO#_ BWVYCFQ cZC�f BZ>AU%Q&E Cdp ORV

>`c�QLU�B�C	EAO�� OtE �


�g�O�E[O�� OtE�� U%VZ>AORQ<BWO#_'ceORV �u>`f O#c$MLVZU��<> _<O#_�CFQ >[NPM�E[OtN
ORQ<BWU�VXMXOtVZNP>[BtstO$� @��[sFBWg�OT_<O�: �

Q�>[BZ>AU%Q	U��$E[Uuf ��NPUu_<O#c s�BZg�O\VZO#I J�O#c BZ>[Q�@?U��XEAUuf��Lc s C#QX_	BZg�O ceMXO#f > : ftC#BZ>AU%Q	U��if U�NPMXOtQ��

cZC#BZ>[U�Q&U%MXOtVYC#BZ>AU%QXc�� 
�g�O **h�cepLceBWOtN � VDCFNPO��\U�V��
> cbVWO#ceMXU�Q ce>A]LEAO � U�V BZg�O >AQuBZOtVDC�f��

BZ>[U�QXc�]XOtB.�\OtOtQ^E`Ctp OtVYc s�� U�V f U%Q<BWVZU�E[EA>[Q�@	>[NPM�EA> f > B!VZOREAO#C%ceO'U%V�VZORBZOtQuBZ>[U�QPU��!E[Uuf �Lc s$� U�V

ceBDCF@%>AQ�@�BZgLOTVZO#f U�� OtVWp'M�VWUuf O#cZc!BWgXCFB�C#]XU�VZBDc!BZVYC#QXcZC%f BZ>[U�QXc!U%V VWO#f U�� OtVDc � VZU�N cepLceBWOtN

f VDC�cegLO#c s$� U�V C�cWceJ�VW>AQ�@^BZg CFB�BWg�O#c O�U%MXOtVYC#BZ>AU%QXcTCFVWO CFM�M�E[>AO#_^U�Q�E[p
BWU^CFQmCZU%M ORVYCFBW>AU%Q

f U%QXce> ceBZORQ<B D _�CFBDCF]XC%ceO c BYC#BZO CFQX_�BZgXC#BT>`_<ORNPMXU�BZORQXf p U!� VZOdf U�� OtVZp > cTC�cZc J�VZOd_$s�OtBYfB�

�?Q*U�MXOtVDCFBW>AU�Q�� c'EAO�� ORE QuJ�N^] ORVT>`c�_<OtBWOtVZNP>[Q�O#_��Tg�OtQ*>[B'>`c�_<O�:XQ�Od_�����N^J�EABW>9�

EAO'� OtE�E`Ctp OtV�� c�, c OtO�c O#f BZ>[U�Q�q � ? �Al!3�E[O�� OtE�> c��������ts?�TgLOtVZO����H> c�BZg�O'E[O�� OtE�U��!BWg�O'E Cdp ORV

� U�V BZgLO	U�MXOtVDCFBW>AU�Q c BWgXCFB >AB JXc O#c�� (�O _<OtQ�U%BZO	U%MXOtVYC#BZ>AU%QXc'C#B�C E[O�� OtE���� C�c�� �!� c��

( O�VWO#I J�>AVWO�gLOtVZO�BZg CFB�C#EAEiU�MXOtVDCFBW>AU�Q c?U!�\C E`Ctp OtVT]XO CFB BZg�O cZC#NPO�EAO�� ORE s<> � O$�!BWgXCFB

BZgLO	EAO'� OtEA>[Q�@	]XO	JLQ�>;� U%VZN*sXC%cb>[B#�\U�J�E _ ]XO	>[Q*C
g�>[OtVYC#VYfYg<p^U!� C��<>[VZBZJ CFEiN�C%f g�>[Q�O#c0D

C�c�_<OdcZf VW>A]XO#_ >AQp7 lgfH; �7,+I Q^ceO#f BZ>AU%Q�hus$��O�_<>`cWf JXcZc!]�VW>AOjl p C�CZE Cdp ORVYc U�� CF]Xc BZVYC%f BZ>[U�Q#D

@�ORQ�OtVYC#EA> =#CFBW>AU�Q BZg CFB _uU O#c	Q�U�B VZO#I J�>[VZO^BZg�> c�J�Q�> � U�VWNP>AB p�U!� E[O�� OtE � 3�h$U���OdceB	E[O�� OtE

U�MXOtVDCFBW>AU�Q cTCFVZO _<O�:XQ�Od_ BWU ] O �#"���,.
HCF]�E[O l'f U�QuBYCF>[QXc�C�EA> ceB�U!�HBWg�O'Q�U%BYCFBW>AU%Q J ceO#_

>AQ�BWg�>`c�MXC#MXOtV�� 3

�	�%$ &  !� R
'_$	�%*

I Q�BZg�> c	MXCFMXOtV��\O MLVZO#c OtQ<B CFQ CFEA@%U�VW>ABZgLN � U�V VWO#f U�� OtVZp*>[Q�N
J�E[BZ>�� E[O���OtE cepLceBZORN�c��

(

J�V^VZO#f U�� OtVWp�N OtBZg�Uu_ s�ftC#EAE[O#_ **hia�s�>`c VZOtN >AQ�> cZf OtQuB�U!� ��a I G	J�m*) 
 7 l�hH; CFQ _

OtQHA U#pLcPN�CFQup�U!� BWg�OkcZCFN O _<O#ce>[VYC#]�EAO+� O#C#BZJ�VWO#cPU!� BZgXC#B&cWf gLOtNPO$� **hia f U�MXO#c
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 C#]�EAO^l�@\h$>`c BTU!�2��f VZU%Q<puN�c

��� E[O�� OtE��\U!�\C	N^J�E[BZ>9� EAO'� O EXc p�c BZOtN

� �!� QLU�VZN CFE � U%V � CFVY_ _�CFBDCF]XC%ceO U%M ORVYCFBW>AU%Q*CFB ���

� ���

�

�

>[Q?� ORVYceOB, J�QX_uU?3!U%MXOtVYC#BZ>AU%Q"� U%V�� � �

� � N^J�E[BZ>9� EAO'��OtE

� ��� N^J�E[BZ>9� EAO'��OtE�BWVYC#QXcZC%f BZ>[U�Q

��� QLO#ceBWO#_PBZVYC#QXcZC%f BZ>[U�Q , BZVDCFQXcWC�f BW>AU%Q&>ABDceOtE �HU�V�cepLceBWOtN+3
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]XOtOtQ �TVZ>[BZBZORQ
BWU�BWg�O EAU�@Ls�C#QX_ gLOtQXf O BZU�VZO'� O#c BYC#]�EA> ceg
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f U%NPM�EAORBZO#_�**h 
 Q�OtO#_^BZU	]XO�VZU%EAE[O#_ ] C�f���� ) 
Tc�gXC�� O?QLU^ceJXfYgPU�MXOtVDCFBW>AU�Q C%c BZgLOtp

�T>AE[E$]XO�VZU%EAEAOd_ ] C�f��P]<p f U%NPMXOtQXcZC#BZ>[U�Q�U!��OdC�fYg U��!BWg�Ot>[V f U�QXc BZ>[BZJ�OtQuB�U%MXOtVYC#BZ>AU%QXc��

�'cHCFQ O�& CFNPMLEAO s BZg�O\EAU�@�VZO#f U%VY_�c�� U�VHB.��U�c J�]�BWVYCFQ cZC�f BZ>AU%QXc O�&LO#f JLBZ>AQL@T>AQ	M CFVYC#E9�

EAORE$_uJ�VZ>[Q�@	Q�U%VZN�C#E cepLceBZORN U%M ORVYCFBW>AU%Q&C#VZO�c g�U��TQ�>AQ � >A@%J�VZO�q �7
�g�>`c7�T>AE[E$c OtV � O�C�c

C VZJ�Q�QL>AQ�@PO�&XC#NPM�EAO��

(

QLO ceJL]�BZVDCFQXcWC�f BW>AU�Q*g C�c'f U%NPNP> BZBWO#_^CFQX_&]XO#f U%NPO#c�EA>AQ6� O#_

�T>ABWg�BZgLOPMXCFVWOtQuB<, BWU�M�E[O�� OtE 3TBZVDCFQXcWC�f BW>AU�Q �)
�gLOPU�BWg�OtV gXC%c�Q�U%B p OtB f U�NPN >ABZBWO#_

CFQ _ g�OtQ f O'>`c�>[QX_<> ceBZ>[Q�@�JL>`ceg CF]�E[O � VWU�N C#Q*C%f BZ>�� O'BZU%M E[O�� OtEXBZVDCFQXcWC�f BW>AU%Q=�
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( O ftC#EAE C BWVYC#QXcZC%f BZ>[U�Q*BZg CFB�ftC#Q�Q�U%B#:XQ�> ceg&QLU�VZN CFEAE[p�CFQ _&g�OtQXf O N
J ceB�]XO VWU�EAE[O#_

]XC%f � CFQ >AQuBZOtVWVZJ�M�BWO#_ BZVYC#QXcZC%f BZ>[U�Q=�2**hia VZU�E[E`c�]XC�f��
>[Q<BWOtVZVWJ�M�BWO#_ BWVYC#QXcZC%f BZ>[U�QXc�U��

C#Q<p^EAO�� ORE�>AQ^O�& C�f BWEAp BZgLO�cZC#NPO��TCtp s �Tg�OtBZgLOtV�BZg�Otp CFVWO'BZU%MPEAO'� OtE�BZVDCFQXcWC�f BW>AU%QXc�U�V

U%VZM�gXC#Q�O#_�c J�]�BWVYCFQ cZC�f BZ>AU%QXc	U!�bC MXC#VZOtQuB�BZVDCFQXcWC�f BW>AU�QkBZgXC#B	>`c'>[BYceORE;�\>AQuBZOtVWVZJ�MLBZO#_��

G�C�fYg c JXfYg	>AQuBZORVZVZJLM�BZO#_'BWVYCFQ cZC�f BZ>AU%Q N
J ceB$g C � O\>ABDc f U%QXceBW>ABWJ�OtQuBiU�MXOtVYC#BZ>[U�QXc ,2f U�N �

M�E[OtBZOd_PceJ�]LBZVYC#QXcZC%f BZ>[U�QXc U�V U�MXOtVYC#BZ>[U�QXc�3Tf U%NPMXOtQXcWCFBZOd_��

**hia _<JLVYCF]LEAp�VWO#f U�VD_�c	J�QX_uU�VWO#f U�� OtVZp*MLVZU�@%VZO#cWc ]up5�TVW>ABZ>[Q�@ f U%NPMXOtQXcZC#BZ>[U�Q

E[U�@PVWO#f U�VD_�c�� =?JLVZ>AQL@PVZU%EAEA] C�f��$sXC
BWVYC#QXcZC%f BZ>[U�Q � c?fYgXCF>[Q&U���E[U�@^VZO#f U�VY_Lc?>`c cZftC#Q�Q�O#_

]XC%f � �TC#VY_�c�� G�C�fYg*U�MXOtVDCFBZ>[U�Q�ORQXf U�JLQ<BWOtVZO#_�U�Q BZg�O^fYgXC#>AQ*gXC%c >[BYc�f U%NPMXOtQXcZC#BZ>[U�Q

U%M ORVYCFBW>AU%Qis�ceBWU�VZOd_�C�c�BZg�O � )'=

(

U�MXOtVYC#BZ>[U�Q�>[Q�BWg�OPEAU%@�VZO#f U%VY_$sHO�&LO#f J�BWO#_$sHCFQX_

E[U�@�@%O#_<�T>[BZg�C S\hia �

(

Q f O'f U�NPMXOtQXcWCFBW>AU�Q >`c�f U�N M�EAOtBWO s C#Q�CF]XU�VWBTVZO#f U�VY_^>`c%�TVZ>[B �

BWOtQ)� U�V BWg�OP>[Q<BWOtVZVWJ�M�BZOd_ BWVYCFQ cZC�f BZ>AU%Q=� 
�g�O�C#] U%VZB VWO#f U�VD_�_<Uuf J�NPORQ<BDc BWgXCFB BZg�O

BWVYCFQ cZC�f BZ>AU%Q&> c?f U%NPM�E[OtBZO�CFQX_�Q�OtO#_LcbQ�U�� J�VWBZg�OtVTJLQX_<U^VZO#f U�� OtVWp$��I BDcbOjN O#f BYc�gXC�� O

]XOtOtQ f U%NPM�E[OtBZOtE[p M�J�VW@�O#_<� VZU%N BZgLO	c p�c BZOtN ceBYC#BZO$�

�'c'>AQ BZgLO��'a�I G	J�NPOtBZgLUu_$s=��O _<>`c BZ>AQL@�J�> ceg�S\hia?c � VZU�N U%BZg�ORV�E[U�@ VZO#f U%VY_�c s

C#QX_�>AQX_<> ftCFBWOP>AQkBZg�OtN BZgLO QLO�&�B EAU%@�@�Od_ U%MXOtVYC#BZ>AU%Q�U!� C&BZVYC#QXcZC%f BZ>[U�Q U�Q �Tg�>`fYg

BWU MXOtV.� U�VWN J�QX_uU���
�g�> c'>`c?JXc O�� J�E�, ]�J�B'QLU�B�O#cZc OtQuBZ>`C#E 3\>AQ*BWgXCFB S\hia c�C#VZO Q�O'� OtV

J�Q _<U�Q�O s CFQX_�J�QX_<U VZOdf U�� OtVZp ftC#Q f U%Q<BW>AQuJ�O � VWU�N �Tg�ORVZO�>[B�� C�ci>AQuBZOtVWVZJ�M�BWO#_�ceg�U%J�E`_

BWg�OPc p�c BZOtN f VYC%cegk_<J�VW>AQ�@�VZOdf U�� OtVZp$� 
�gLO
MXU�>[Q<BWOtV�BZU�BZgLO Q�O�&LB'U�MXOtVDCFBZ>[U�Q�BWU�] O

VWU�EAE[O#_&]XC%f � >`c'f U%M�>AOd_&>AQuBZU�BZg�OPS\hia ��
�g�>`c M ORVZNP>[BYcTJ�QX_<U VZO#f U�� OtVWpPBZU�M�VWUuf OtO#_

� VWU�N BZg�O MXU�>AQuB �Tg�OtVZO >ABTE[O�� BTU<N ceg�U%J�E`_*C^f VDC�ceg Uuftf J�V _<J�VZ>[Q�@^VZO#f U�� OtVWp$��S\hia c

_<U Q�U�B Q�OtO#_PBWUP]XO	BZgLOtN�ceORE9� O#c!J�QX_uU�Q�O$� 
�guJXc sXJ�QX_uU
VWO#f U�� OtVZp^M�VWU�@�VWO#cZc�CFE9� Ctp�c

C%_?�%CFQXf Odc��

( O _uU Q�U�B Q�OtO#_ BZg�O �'a�I G\J CF]�>[EA>AB p BWU4c J�M�MXU�VWB�c U�� ftCFE[EAO#_ CZQLO#ceBWO#_4BZU�M

E[O�� OtEXC%f BZ>[U�QXc0D �u>`C�_<>`c BZ>[Q�@�J�> ceg�Od_ S\hia?c7�Tg�U c O'MXU�>[Q<BWOtVTc BZVZJ f BZJ�VWO?]upuMXC�cWceO#c�BZg�Ot>[V

E[U�@�@%O#_PU�MXOtVDCFBZ>[U�QXc _<J�VW>AQ�@ JLQX_<U��2
�g�> cTftCFQ�]XO C�fYg�>AO�� Od_ �u>`C�O�&�MLEA>`f >AB�N
JLEABZ>�� E[O�� ORE

c J�]�BZVDCFQXcWC�f BW>AU%QXc��

�!� $

�

2!6)$ , 2 / 1m$3d T4(0�2*c��6 ^  ��a*#�!3�2!"�3�� *-,0$42!"

��U�V O#C%f g f U�NPM�E[OtBZOd_ c J�]�BZVDCFQXcWC�f BW>AU%Qis<�\O�>AQ�>[BZ> CFBZO C c OtMXCFVDCFBWO f U%NPMXOtQXcZC#BZ>[U�Q

BWVYCFQ cZC�f BZ>AU%Q BWgXCFB J�QX_<U O#c^>ABYc^OjN O#f BYc�� 
�g�O S2
 >`cPC%_�_<O#_ BWU�BZg�O � ��� � � ��s�C%c

> ��>[B ��OtVWO^C QLU�VZN CFE�c J�]�BZVDCFQXcWC�f BW>AU%Q=� S�U%NPMXOtQXcZC#BZ>[U�Q�� U�V C�ceJ�]�BWVYC#QXcZC%f BZ>[U�Q�Uuf��

f JLVYc	OtQuBZ>[VZOtE[p&>AQk>ABYc S2
's%�T>ABWg�BZg�O C�_�_<Od_ MLVZU��<> ceU BZgXC#B U�QXf O f U�NPMXOtQ cZCFBW>AU%Q�>`c

C%cZceJLVZO#_$s C&S\hia _<O#cZf VZ>A]L>AQ�@PBWg�O^f U%NPMXOtQXcZC#BZ>[U�Q M ORV � U�VWNPO#_�]<p BZg�O�S2
 > c#�TVZ>[B �
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BZORQ C�c'CPEAU%@PVZOdf U�VD_&U!�\BZg�O M CFVZORQ<B BZVDCFQXcWC�f BW>AU�Q � 
�g�O � U%VZN)U!�\BZg�> c�S\hia _<>ON$ORVYc

_<OtMXOtQ _<>AQ�@ U%Q+�Tg�ORBZg�OtV C^ceJL]�BZVDCFQXcWC�f BW>AU�Q >`cTC#Q ) 
 U�V�CFQ **h 
 �

� �  �#"

��r ��� r � ����	�;���	�
�� =?5 ; � 5!7

:

r ;���	?� =?5 ;

� Q�O#ceBWO#_ BZVYC#QXcZC%f BZ>[U�Q&S2
 O�&�O#f J�BZO#cH>AQ^BZg�O_CZ]XC%f � �TC#VY_%D _<>AVWO#f BW>AU�Q s CFQX_^O�&�Odf J�BZOdc

U�QLEAp f U�NPMXOtQ cZCFBW>AU%QPU�MXOtVDCFBZ>[U�QXc s��Tg�>`fYg�C#VZO'E[U�@�@%O#_�C�c?S\hia c��TS\hia?cTC#VZO �TVW>ABWBZOtQ

C�c�S2
 E[U�@PVWO#f U%VY_�c'C%c'f U%NPMXOtQXcZC#BZ>[U�Q&U%MXOtVYC#BZ>AU%QXc�CFVWO O�&�Odf J�BZOd_�� G C%f g f U�NPMXOtQ��

cZC#BZ>[U�Q U�MXOtVYC#BZ>[U�Q�> c?MXOtV � U%VZNPO#_ �Tg�OtQ >ABDc � U�V��TCFVD_�U�MXOtVDCFBW>AU�Q�� VZU%N BZg�O U%VZ>[@�>AQ CFE

f U%NPM�EAORBZO#_ ) 
 > c OtQ f U�J�QuBZORVZO#_ >AQ^BZg�O�]XC�f��?� CFVD_
J�QX_<U^cWftCFQ U!� BZg�O'E[U�@6��S2
Tc � U�V

Q�O#c BZO#_*BZVDCFQXcWC�f BW>AU%QXc f U�QuBYC#>AQ�U%Q�EAp�S\hia c s�C#QX_�BWg�O#ceO S\hia?c CFE9� Ctp�c�M U%>AQuB�BZU*C

Q�O�&LBTU�MXOtVDCFBW>AU�Q BZU ]XO	JLQX_<U�QLO s��Tg�>`fYg�>`c�>[Q BWg�O�U�VW>A@�>[QXCFEHf U�NPM�E[OtBZOd_ ) 
 �

)?O#c BZO#_�BZVYC#QXcZC%f BZ>[U�Q�S2
Tc'ftC#Q CFE9� Ctp�c?]XO^f U%NPM�E[OtBZO#_ �#
�gLOtp&Q�O'� OtV _<O#C%_<EAUuf��

ce>[QXf O CFE[EiQ�OtO#_uO#_ E[Uuf �Lc�gXC�� O�] OROtQ*C%ftIKJL>AVZOd_ _uJ�VZ>[Q�@ � U%V � CFVY_&U%MXOtVYC#BZ>AU%Q=�aJ g�U%J�E`_

VZOdf U�� OtVZp ]XO�>AQuBZOtVWVZJ�MLBZO#_$s BWg�O�E`C�c B'S\hia �TVZ>ABWBZOtQ � U�VTO#C%f g�BZVDCFQXcWC�f BW>AU%Q MXU%>AQuBYc�BZU

BZgLO
Q�O�&�B�U�MXOtVDCFBW>AU�QkBZgXC#B�> c'BZU&]XO^J�QX_<U%Q�O$�8k?ORQXf O s$BWg�O�S2
 ftCFQ�]XO f U�QuBZ>[Q<JLO#_

C � BWOtV C^f VYC%cegis��T>[BZg�U%J�BTQ�OtO#_u>AQ�@ VWU�EAE[]XC�f�� �

E�O#ftC#JXceO^CPQ�O#c BZO#_&BWVYC#QXcZC%f BZ>[U�Q � c S2
 >`c?@%JXCFVDCFQuBZOtOd_ BWU&f U�NPM�E[OtBZO sXCFQ ) 
4>`c

OjN O#f BW>9� OtE[p*f U%NPMXOtQXcWCFBZOd_ U%QXf O�>ABDc S2
 >`c�>[Q�>ABW>`C#BZO#_��pk?OtQ f O s �\OPMXC#>AV	BWg�O&S\hia

� U�V\BZg�O ) 
 �T>[BZgPBWg�O�c BYCFVWBTVZO#f U�VY_�� U�V�>[BYcTS2
 � 
�g�>`c�M ORVZNP>[BYc!MXCFVWOtQuB�BZVDCFQXcWC�f BW>AU%Q

VZU%EAE[]XC�f���BWU�MLVZUuf OtOd_ BWU*>ABDc	Q�O�&LB U�MXOtVYC#BZ>[U�Q=� 
�g�>`c	VWO#f U%VY_�>`c c g�U��TQ >AQ � >A@%J�VZO

l!, ]�3��

E�p�>AQL>ABZ> CFBW>AQ�@ C�S2
's�gXCFQ _<EA>[Q�@�N^J�E[BZ>AMLEAO MXU�>[Q<BWOtVYc >AQ S\hia c sTC%c > c _<U�Q�O >AQ

�'a�I G\JLm*) 
'sX>`c C�� U�>`_uO#_�� G�C�fYg*BZVYC#QXcZC%f BZ>[U�Q f U%QXce> ceBDc?U!�\U�QLEAp CPce>[Q�@�E[O	BWg�VZO#C%_<O#_

fYgXCF>[Q U!�iE[U�@'VWO#f U%VY_�c%� OtOtML>AQ�@ BZVDC�f��	U!� J�QX_<U�M�VWU�@%VZO#cWc >[Q^C�ce>AQL@�EAOTE[O�� OtE �=
�g�OTQ�O�&LB

S\hia U!�HBZgLO'MXCFVWOtQuB MXU%>AQuBYc�BZU BZg�O BZgLO'MXCF>[VZO#_ VZOdf U�VD_ S\hia C%c > �H>AB7��OtVWO'C ce>[NPM�EAO

CFBWU�NP> fTf U�N M ORQXcZC#BZ>AU%Q U�MXOtVDCFBZ>[U�QPBWgXCFB7� C�c M CFVZB�U��-l C#B�BZVDCFQXcWC�f BW>AU%QPVZO#f U!� ORVZp$� I Q

BZgLO ceBDCFVWB'c J�]�BZVDCFQXcWC�f BW>AU%Q*MXCFVWB?U���BWg�O CF]XU�� O	E[U�@^VZO#f U%VY_�>`cTM U ceBWO#_*C ) O�&�B�� JLQX_<U

MXU�>[Q<BWOtV�BZU	BWg�O#:XVDceB , Q�O�&LB�3HU%M ORVYCFBW>AU%QPU!�HBWg�O�) 
�BZU	]XO'JLQX_<U�QLO$�7
�g�>`c�>`c!BZgLO'E`C%ceB

U�MXOtVDCFBW>AU�Q EAU%@�@�Od_ � U�VTBWg�O f U�N M�EAOtBWO#_�) 
 �


�g�O ) 
 fYgXCF>[Q
U��iE[U�@�VZO#f U�VY_Lc > c�cZftC#Q�Q�O#_
] C�f��?� CFVY_Lc suCFQX_PS\hia c�CFVWO#�TVW>ABWBZOtQ

� U�V\O#C�fYg OtQXf U�J�QuBZOtVWO#_ U�MXOtVYC#BZ>[U�Q=�%( g�ORQPBZg�O�ceBDCFVWB�VZOdf U�VD_ � U%VTCFQ ) 
�> c VWO#C�fYg�O#_ s

C f U�NPN >AB�VZO#f U�VY_)� U%V
BWg�O�S2
 > c �TVZ>[BZBZORQ=� 
�gL>`c^f U�NPN >AB�VZO#f U�VY_�Q�ORO#_�Q�U%B
]XO

MXC#>AVZOd_ �T>[BZg C�MXC#VZOtQuB�BZVYC#QXcZC%f BZ>[U�QPVWO#f U%VY_^ce>AQ f OTBZg�O�ceBDCFVWBTceJL]�BZVDCFQXcWC�f BW>AU�Q VZO#f U%VY_

� U�VTBWg�O S2
 >`cTC#EAVWO#C�_<p MXCF>[VZO#_��T>ABWg�BZg�O S\hia � U�V BZg�O�U%VZ>A@%>AQXC#E�) 
 �

� >A@%J�VZO!?'>AE[EAJXc BZVYC#BZO#cHQ�O#ceBWO#_ BZVYC#QXcZC%f BZ>[U�QPVWO#f U�� OtVWp�J ce>AQL@	BZgLO **hia C#M�M�VZU C�fYgis

CFMLM�EA>[O#_PBZU U�JLV?VWJ�Q�Q�>[Q�@
O�&XC#NPM�EAO��
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� >[@�J�VWO ? @�**hia EAU�@ VZOdf U�VD_�c � U%V
QLO#ceBWO#_�BWVYCFQ cZC�f BZ>AU%Q VZO#f U!� ORVZp$� 
�g�O VZU%EAEA] C�f��

U��	]XU%BZg >AQuBZORVZVZJLM�BZO#_ CFQX_ f U�NPM�E[OtBZOd_ ) 
Tc >`c
>[EAEAJ ceBZVDCFBWO#_��4� c p�c BZOtN f VYC�c g >`c

>[QX_<>`fRCFBZOd_�]<p*BWg�O4AWC#@�@�Od_ ceU%EA> _�EA>[Q�O$�pI2Q C�_�_<>[BZ>[U�Q�BWU*BZg�OPQLU�VZN CFE�]XC�f�� EA>AQ6�<>[Q�@

U��	E[U�@�VWO#f U%VY_�c s?f U�NPMXOtQXcWCFBW>AU�Q E[U�@�VWO#f U%VY_�c�,�� /�1 cPCFE ceU�f U%Q<BDCF>[Q DFQLO�&�B J�QX_<U D

MXU�>[Q<BWOtVYc sX_<OtQ�U%BZO#_P]upPBZgLO	C#VZVWU!� cTU�JLB?U��!BWg�O�] U%BZBWU�N U!��BWg�O#c O�VWO#f U%VY_�c��
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:

r<;���	?�>=?5!;

( g�OtQ C�f U�NPM�E[OtBZOd_5**h?
 c J�]�BZVDCFQXcWC�f BW>AU%QisTVZOtM�VWO#ceORQ<BW>AQ�@*BWg�O&O�&LO#f JLBZ>AU%Q�U!� C#Q

� � � ��� siQ�ORO#_�c'BZU ] O^VZU%EAE[O#_&]XC�f�� s BWg�O
� ���

�

�����

c BZU%VZO#_ C�c�BZg�O � )'=

(

:XOtE _ U��T>[BYc

f U%NPNP>ABHVZOdf U�VD_
MXCF>[V�> c O�&LO#f J�BWO#_^C�c�C �

(

a ( ��a?= U%M ORVYCFBW>AU%Q >[Q�C
S2
 �%I B�>`c�Q�U�B

VZU%EAE[O#_
]XC%f �P]up�f U%NPMXOtQXcWCFBZ>[Q�@ O#C%f g�U!� >ABDc � � � cTU�VT>[QXf EAJ _<O#_Pc J�]�BZVDCFQXcWC�f BW>AU%QXc��

�?Q � �

�

�

�����
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N CFBZVW>;&�� U%V?BWg�O#c O EAUuf���c s$C#QX_&BZg�ORQ&>AN M�EAOtN^OtQuB
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O�&LO#f J�BW>AQ�@ C%c�C � U�V��TC#VY_
U%V�VZU%EAE[]XC�f�� U�MXOtVDCFBZ>[U�Q=�2
�g�O **h*c p�c BZOtN fRCFQ�_<ORBZOtVWNP>AQ�O

BZgL>`c�� k?OtQXf O s �%CFVW>`C#BZ>AU%QXc
>[Q�E[U�@%@�>AQL@�CFQX_ E[Uuf �u>AQL@*Q�OtO#_�c ]XOtB.��OtORQ�QLU�VZN CFE CFQ _

VZU%EAE[]XC�f��
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**hia VWO#f U�� OtVZp^>`c�J ceO�� J�Ei>[Q*C �T> _<OtV ceORBZBZ>[Q�@^BZgXC#Q+�Tg�OtQ�U%Q�EAp�BZU%M&E[O�� OtEXBZVDCFQXcWC�f��

BZ>[U�QXcTC#VZO _<J�VYC#]�EAO C#QX_&f U%Q<BDCF>[Q QLU�Q�� _<J�VDCF]�E[O ceJL]�BZVDCFQXcWC�f BW>AU�Q c��

F

**hia4>`cTQ�U%B�ceOtQ ce>ABW>9� O�BZU BZg�O f U�QXc BZVDCF>AQuBYcT]XOt>AQL@POtQ?� U%VYf O#_�]<p�BWg�O f U%QXf J�V��

VWOtQXf p�f U�QuBZVZU%ETM�VZU%BZUuf U%E �

(

Q�EAp�E[Uuf �u>AQ�@*QLOtO#_<O#_)� U%VPf U%NPMXOtQXcWCFBYC#]�>AE[>AB p >`c

VWO#IKJL>AVZOd_*CFQX_�BWg�O **hia � VYCFN O���U%V �&gLU�E`_Lc BWg�O#c O
E[Uuf �Lc'J�Q<BW>AE�c J�]�BWVYCFQ cZC�f��

BW>AU�Q f U�N M�EAOtBW>AU%Q=� ( g�ORBZg�OtVTBWg�O	E[Uuf �Lc�>AQ � U�E�� O#_
OtQ � U�VYf O�U%BZg�ORV'f U%QXceBWVYC#>AQuBYc

> c�CFB\BZg�O _<>`cWf VZOtBW>AU%Q
U��HBZg�O'>[NPM�E[OtN
O QuBZU�VRsF>[QXf E[JX_<>AQL@ �TgLOtBZg�ORV�BZgLOtp OtQ?� U%VYf O

c OtVZ> CFEA> =#CF]L>AEA>[B p$�

F

( g�>[EAO�BZgLO �TVW>ABWO�� C#g�O#C%_�EAU%@?MLVZU�BWUuf U�ELN
JXc B$]XO�U%]XceORV � O#_$s��Tg�OtBWg�OtViBWg�O�E[U�@ >`c

� U%VYf O#_^CFB�,2ceJ�]�3 BZVDCFQXcWC�f BW>AU�Q f U�NPN >ABi>`cHU�M�BW>AU�Q CFE �7� Q�**h�E`Ctp OtV!>[NPM�EAORN
O Q��

BWU�VTfRCFQ _<OtBWOtVZNP>[Q�O�BWg�O�_<JLVYCF]L>AEA>[B p U!�HBZgLO'E`Ctp OtV�� c BWVYCFQ cZC�f BZ>AU%QXc��\=?J�VDCF]�>[EA>[Bep

ftC#QP]XO C	_<O#f E`CFVDCFBW>9� O MXCFVWB�U!� O#C%f gPE Ctp OtV�� c!_<O�:XQL>ABZ>[U�Q�C#QX_�ftCFQ ] O�OtQ?� U�VDf O#_

]upPBZgLO **h+� VYC#NPO��\U�V � �

��U�V	O�&XC#NPM�EAO s=**hia fRCFQ�]XOPJXc O#_�>[Q�C*c p�c BZOtN BWgXCFB ceJ�M�MXU%VZBYc^cZC#@ C%c87if<s!n ; �


iVYCFQ cZC�f BZ>AU%QXc?U��\C
cWCF@ C
N
J ceB�]XO _<J�VYC#]�EAO��3E�J�B cZC#@ C%c QLOtO#_PQ�U�B ]XO c OtVZ> CFEA> =#CF]LEAO$�

S�U�N M ORQXcZC#BYCF]L>AEA>[B p	>`c�c J ��f >AOtQuBts C#QX_
BWg�>`c!N�Ctp	QLOtO#_^ceJ�]Xc BYC#Q<BW>`CFE[EAp ��O#C�� OtV�EAUuf���c��


iVYC�_u>ABZ>[U�QXC#EAE[p s Q�U	E[Uuf �Lc�CFVZO�g�OtE`_ ]XOtB.��OtORQ^f U�QXc BZ>[BZJ�OtQuB�BZVDCFQXcWC�f BW>AU�Q c��3JuCF@ C f U�N��

MXOtQXcWCFBZ>[U�Q >`cTC�cWceJ�N O#_PBZU ]XO	MXU cWce>[]�EAO�VZOR@ CFVD_<EAOdcZcTU!� U�BZgLOtV'c p�c BZOtN C�f BZ>9�u>AB p$�

I Q&@�ORQ�OtVYC#E sic U�NPO EAUuf���cTN�CtpP]XO Q�OtOd_<O#_ BWUPOtQXc J�VZO f U�N M ORQXcZC#BYCF]L>AEA>[B p$�'S�U�Q��

ce> _<OtV C�MXU cWce>A]LEAO*>AQ ceJ�VDCFQXf O f U�N MXCFQup f E`C#>AN�c cZCF@ C?� 
�g�O f U%NPMXCFQup5�T> ceg�O#c BZU

O�&LMXU ceO >AQuBZOtVWNPO#_<> CFBWOPc BYCFBWO#c
U�� C�f E CF>AN cZCF@ C�BZUk>ABYc g�O#C%_�I JXCFVWBZOtVDc OtN M�EAU#p OtO#c��

k?OtQ f O s�EAUuf��Lc?g�OtE _ ]up BWg�O^cZC#@ C�CFVWO^f U�N MXCFBW>A]�E[O �T>[BZg EAUuf���c?J ceO#_&]up�g�O#C�_LIKJXC#V �

BZORVYc?U%M ORVYCFBW>AU%QXc��
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f U ceB'U�� f U�NPN^J�Q�> ftCFBW>AU%Q�CFQX_), >A> 3TC#@�OtQuBYc?N >A@�guBTEAOdC!�&>[Q?� U�VWN�CFBW>AU%Q BWU�f E CF>AN CFQuBYc s

�Tg�> f g^BZgLO'f U%NPMXC#Q<p �<>[O�� c%�T>ABZg CFE`C#VZN���**hia VZO#f U!� ORVZp ftCFQ C�ftf U%NPNPUu_�C#BZO f U%Q��
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�g�O **h�cepLceBZORN _<>`cWf JXcWceO#_&BWg<JXc�� CFV >`c ceBWVZJXf BZJ�VWO#_&C%c'CPceBWVZ> f BZE[pPE`Ctp OtVWO#_
g�>[OtVYC#V �

fYg�>`fRCFEXc p�c BZOtN��HG�C�fYg^E`Ctp OtVHN
JXc B!JXc O?U%Q�EAp BWg�O?U%MXOtVYC#BZ>AU%QXc MLVZU��<> _<O#_	]up BZg�OTE Ctp OtV

>[NPNPO#_<>[C#BZOtE[p�]XOtE[U�� >[B��7*&U�VWO lXO�&L>A]L>AEA>[B p	>`c�MXU cZce>[]�EAO��7� c p�c BZOtN N�Ctp MXOtVZN >AB�BZg�O

_<O�:XQ�OtVTU��\CFQ CF] ceBZVDC�f BW>AU%Q5, �Tg�> f gPO�&�MXU�VWBYc CFBWU�NP> f'CFQX_�VZO#f U!� ORVYCF]LEAO U�MXOtVYC#BZ>[U�QXc�3

BWU J ceO >AQ ceBYC#QXf O#c U!� C#Q<p CF]Xc BZVDC�f BW>AU�Q M�VWO��<>[U�JXc EAp _<O�:XQ�Od_�� 
�gLO^CF]Xc BZVYC%f BZ>[U�QXc�c U

JXc O#_ N >A@�guB�QLU�B�CFEAEi]XO CFB BZg�O cZC#NPO�EAO�� ORE ��k OtQXf O suBZg�O�E[U!�\OtVTEAO'� OtE � ��c?J ceO#_P>AQ

BWg�O?QLO�� CF]Xc BZVDC�f BW>AU�Q�� c�� ��c�g C � O _u> N OtVZORQ<B�EAO'� OtE`c�� S\C#Q **hia VZOdf U�� OtVZp ��U�V�� � U�V

c JXf g C^cepLceBWOtN��


�g�O CFQ c ��ORV >`c	p O#c s%**hia VWO#f U�� OtVZp��T>[EAE2��U�V��$s!MLVZU��<> _<O#_�BWgXCFB BWg�O ceMXO#f > : f

>[QXceBDCFQXf Odc�U!�bCF]Xc BZVDC�f BW>AU�Q c	JXceO#_*BZU VZO#C#EA> =tO^C Q�O'� CF]Xc BZVYC%f BZ>[U�Q�C#VZO^Q�U�B C�ftf O#cZc >9�

]�E[O�U�J�BDce>`_uO	U!� BZg�O Q�O�� C#]XceBWVYC�f BZ>AU%Q=��
�g�> c?f U�QXc BZVYC#>AQuB?> c � VWO#I J�OtQuBZEAp^cWCFBW>`c : O#_&C%c

C&QXC#BZJ�VDCFE\VZO#c J�EAB U!��U�J�V _<O#ce>[VZOPBWU&g�> _<OPBWg�OPVZORM�VZO#c OtQuBYCFBW>AU%Q�U!��C#Q C#]XceBWVYC%f BZ>[U�Q=�

��U�V�O�& CFN M�EAO s�> �\ceU%NPO >AQ ceBYC#QXf O#c U!� C _<>`c.�&]�E[Uuf � CF]Xc BZVYC%f BZ>[U�QkCFVWO JXceO#_*BZU ceJ�M��

MXU�VWB C�VWO#f U�VD_
C#]XceBWVYC%f BZ>[U�Qis�BWg�O'f U�QXc BZVYC#>AQuB�VWO#IKJL>AVZOdc BZgXC#B�BWg�U c O	_u>`c � ]LEAUuf���c!U�QLEAp

]XO C�fRf O#cZc O#_�>[Q U%M ORVYCFBW>AU%QXcPceJLM�MXU�VZBW>AQ�@�BWg�O*C%ftf O#cWce>AQL@�U��	VWO#f U%VY_�c�� 
�g�OtQ s�BZg�O

E[U!�\OtV EAO�� OtE U�MXOtVDCFBZ>[U�QXc�ftC#Q*]XO	VZOdf U�� OtVZO#_<:XVDceB'O'� OtQ�BZg�U%J�@�g BZg�> cbN Cdp Q�U�B']XO^C

MXC#EA>[QX_<VZU%NP>`f�U�VD_<OtVZ>[Q�@�U!��� U%V �TC#VY_ CFQX_ J�QX_<U U�MXOtVYC#BZ>[U�QXc �T>ABZgL>AQ C BWVYC#QXcZC%f BZ>[U�Q=�


�g�O�U%VY_<OtVW>AQ�@^fRCFQP]XO�N�C�_uO'MXCFE[>AQX_uVZU�N >`f�]upPf U%NPN^J�BYC#BZ>9�u>AB p sF> � O$�HU�MXOtVDCFBZ>[U�QXcTU�Q

_<> c A U%>AQuBTVZO#c U�J�VDf O#cTf U%NPN
JLBZO$�
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Q�O�O�& CFNPM�E[O?U���BZgLO�J ceO�U!� BZg�O�E Cdp ORVZO#_PC#]XceBWVYC%f BZ>[U�Q&BWO#fYg�Q�>`I J�O >`c � U%VT]�J�>AE _?�

>[Q�@�VWO#f U�� OtVDCF]�E[O�IKJLOtJ�O#cp7 L ;TU�Q BZU%M U�� C _�C#BYCF] C�ceOkcepLceBWOtN�� **hia ceU�E�� O#c	B.��U

c >A@�QL>;: ftC#Q<BTMLVZU�]LEAOtN�c�BZgXC#B'C#VZ> ceO�>AQ�BZgL>`c��

lB�

(

QXf O CFQ OtE[OtNPOtQuB�> cbOtQ IKJ�ORJ�O#_ md_<O#I J�OtJ�O#_�� VZU%N BZgLO^IKJ�ORJ�O sXBZg�O E[U!�:EAO�� OtE

_LCFBYC#]XC�c OPEAUuf��Lc � U�V'BWg�O#c O U�MXOtVYC#BZ>[U�QXc�ftC#Q�]XO VZOREAO#C%ceO#_��
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_uO#IKJLOtJ�O*EAUuf��Lc
Q�OtO#_ ]XO*VWOtBYC#>AQ�O#_ s#�Tg�> f g ftCFQ ]XO�_<O�:XQ�O#_ BWU f U�NPN^J�BZO��


�g CFBT>`c s<O$� @��[s<C _<O#I J�OtJ�O�U�MXOtVYC#BZ>[U�Q�� U�V\U�Q�O'BWVYC#QXcZC%f BZ>[U�Q�Q�OtO#_^Q�U�B f U%QblX> f B

�T>[BZgPBWg�O�_<O#I J�OtJ�OTU%M ORVYCFBW>AU%Q U%QPBZgLO'cWCFNPO�IKJLOtJ�O ]<p^C#Q�U�BWg�OtV�BWVYC#QXcZC%f BZ>[U�Q=�


�gL>`c^C � U%>`_�c BZgLO gLO#C�_ U�� IKJLOtJ�O�, BDCF>AETU�� IKJ�ORJ�O�3�]XU�BWBZEAORQ�O#f���BZgXC#BPC#VZ> ceO#c
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q?� 
�g�O C#] U%VZB^U!� C�f U�QuBYCF>[Q�>AQL@*BZVYC#QXcZC%f BZ>[U�Q �T>AEAE�JXc JXCFE[EAp�fRCFJXc O&C _<O#I J�OtJLO#_

OtE[OtNPOtQuB!BWU
]XO	VWOtBZJLVZQ�O#_PBWU
BWg�O IKJ�ORJ�O �u>`C BZg�O _<O�: Q�O#_�f U�N M ORQXcZC#BZ>AU%Q�U�M��

OtVDCFBW>AU�Q �)k?U���O�� OtVRs�BZg�> c?f U�NPMXOtQXcWCFBW>AU�Q*U%MXOtVYC#BZ>AU%Q ftCFQ _uU N U�VZO s�O$� @6�AsXBZg�O

QuJ�N^] ORVTU!�TBW>ANPOdc�BZg�O^I J�OtJ�O OtEAORNPOtQuB��TC%c�_<O#I J�OtJ�O#_ CFQX_*>ABDc?BZVDCFQXcWC�f BW>AU%Q

� C#>AEAOd_�ftCFQ ]XO&f U�J�QuBZO#_ � � � BZOtV^c U�NPO Q<J�N^]XOtV	U��#� C#>AE[J�VZO#c s BWg�O IKJLOtJ�OPOtE��

OtN OtQ<B ftCFQ ]XO*M�E C�f Od_�U�Q:CFQ ORVZVZU%V�I J�OtJ�O$� 
�g�>`c O�&LM�EAU%>ABDc JXc OtV�_<O�:XQ�O#_

f U%NPMXOtQXcWCFBZ>[U�Q U�MXOtVDCFBZ>[U�QXc BZg CFB _uU&Q�U%B Q�OtO#_*BZU*O�& C�f BZEAp J�QX_<U*BWg�Ot>[V � U%V �

� CFVY_PU%M ORVYCFBW>AU%QXc��

hiCtp OtVZO#_ C#]XceBWVYC%f BZ>[U�Q<� J�Q f BZ>[U�QXC#EA>AB p s%f U%J�M�EAOd_ �T>ABZg C'MXOtVYc >`ceBWOtQuB �u>AVWBZJXC#E�NPOtN �

U�VWp CF]Xc BZVYC%f BZ>[U�Q � U%V
E[O�� OtE �#"PN�Ctp�N C!� O **hia VZOdf U�� OtVZp >`_<OdCFE�� U�V^O�&�BWOtQX_<>[]�EAO

CFQ _ U%]%A O#f B � U�VW>AOtQuBZOd_	BZVYC#QXcZC%f BZ>[U�Q cepLceBWOtN�c�� � OtVDce>`c BZOtQuB��<>[VZBZJ CFE�NPORNPU�VWp'>`c�C � OtVZp

lXO�&L>A]LEAO']XC%ce> c � VZU%N �Tg�>`fYg&BWU<�\U�V����ThiCtp OtVWO#_�CF]Xc BZVDC�f BW>AU�Q c#�T>ABWg�**hia4VZO#f U!� ORVZp

MXOtVZN >ABT>AN M�EAOtN O QuBZU%VYc�BZU C�fYg�>AO�� O�g�>[@�gkf U�Q f J�VZVWOtQXf p �Tg�>[EAO M�VZO#c OtV �u>AQL@PBZVDCFQXcWC�f��
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EAORV hiCFN MXceU%Qis	I']XO#ftC#NPO f U�Q �<>[QXf O#_*BZg CFB^BZg�OPE[U�� E[O�� OtE!VWO#_<U�s�g�>[@�g�EAO�� ORE!J�QX_<U

NPUu_<ORE�U!��VZOdf U�� OtVZp �TC%c	BZg�O f U%VZVZOdf B NPUu_<OtE\BZU*M�VWU��<> _<OPU�MXOtVDCFBW>AU�Q f U�Q ce>`c BZOtQ f p

CFQ _ N�C�&�>[N J�N f U%QXf J�VWVZOtQ f p$�
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(

=�S4,.� J�@�JXc B'lRjHfH?$3

L/9!� h�q �



� �

�

� � � � �����

q 9
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Juf >[OtQXf O s$� U%E ?�rH?us J M�VZ>[Q�@�OtV�����OtVWE`C#@�s$lRjHf f<s!lg?H9!�Wl�9 L��

7:?<; E�OtVZQ ceBZOR>AQis����As k'C%_b=t>AE C�f U c s����[s#CFQX_ � U Uu_<N�CFQ s ) �������
	���
�
�����	�����������
��������
�

����	��� !��
"�$#��&%'���(�!)���*+�-,.��*��/�10$* s���_�_<>`c U�Q ( O#ceE[Otp",2abOdC�_<>[Q�@�s *�� 3 lRjHf n$�

7 LH; E�OtVZQ ceBZOR>AQis � �[sHk'c Jis$*5�%CFQX_�**C#Q�Qis/E � I NPM�E[OtN
ORQ BZ>AQL@TaTO#f U�� OtVYC#]�EAO\aTO#I J�O#ceBDc

�'ce>[Q�@32 J�OtJ�Odc�� �!VZUuf�� �'S2* J I � *

(

= S�U�Q ����, o�J�Q�O^lRjHf�j$3�l�lRq!�Wltq%q?�

7:9<; G�c �TC#VYC#Qis%>��As � VYCtp sHo��[s h$U%VZ>[O s!a �As=
iVYC#>A@%OtVts�I � 
�g�O
QLU�BZ>[U�QXc'U���f U�QXc >`c BZOtQXf p

CFQX_PM�VWO#_<> ftCFBWO?E[Uuf �Lc!>AQ�C _�C#BYC#]XC�c O	c p�c BZOtN �<S�U�NPN �'S2* lRj<s[l�l , ) U!� ltj n 9$3

h�q L�� hH?H? �

7:h<; ��CFVYf >`C!� *&U�E[>AQXCus k ���'c >AQ�@ ceORN�CFQuBZ> f �uQ�U��TEAO#_<@%O � U�V�BZVDCFQXcWC�f BW>AU%Q�M�VWUuf O#cWce>AQL@

>AQ C^_<>`c BZVZ>[]�J�BWO#_P_�C#BYCF] C�ceO����'S2* 


(

=WJGfus q�, o�J�Q�O^lRjHfH?$3�l�f h!� q<lg??�

7 n�; ��CFVYf >`C!� *&U�E[>AQXCus)k � CFQX_ JuCFE[OtN*s >�� JKCF@ C%c�� �!VZUufB�#�'S2* JZI � *

(

= S�U�Q?���

, o�J�QLO siltj fKn�3Ds JKCFQ ��VDCFQXf > cZf ULs S2�	sXq L j�� q 9�j?�

7:f<; � VYCtp sio��=
�gLO
BWVYCFQ cZC�f BZ>AU%Q�f U�QXf ORM�B�@ �<>[VZBZJLO#c?C#QX_*EA>AN >ABYC#BZ>[U�QXc�� � VWUuf��4��hi=!E

S�U�Q?����,0J OtM�B'�iltj f<l!3�S\CFQ�Q�Odc s���VYC#QXf O silMLHL��Wl�9 L��

7 j<; � VYCtp s o��As�**fRo�U�Q�O#c s � �[s3E�E`C%ce@%OtQis *5�As\h$>AQX_LcZCtp s�E �AsTh$U%VZ>[O sTa �As �!VZ> f O s�
 �[s

�!J�B�=tJLEAU�s��2�As 
iVYCF>[@�OtVRs#I���
�g�O VZO#f U�� OtVWp
N CFQXC#@�OtVTU��!BWg�O J pLceBWOtN a _LCFBYC#]XC�c O

N�CFQ CF@�ORV����'S2* S�U�NPM�JLBZ>AQL@�J J�V � ORp�c l�?<s q ,2o�J�Q�O^ltj f<l�3 q�q ?!� q<L q �

7 ltr<; >'U�VWBZgis#k �Asuh$O��up s�G���C#QX_�J >AE[]XOtVYcWf gXC#B�= s � �6�8� U�VWN�CFE C#M�M�VZU C�fYg�BZU VZOdf U�� OtVZp

]<p f U�NPMXOtQXcWCFBW>AQ�@�BZVDCFQXcWC�f BW>AU%QXc�� � VWUuf��5� hi=aE S�U%Q?���%,.�?J�@%JXceBRsTltj%j�r 3 E�VW>`c.�

]XCFQLO sXjH9��ZlRrHh?�

7 l�lj; h$U%NPOtBts�= �!aTO#f U�� OtVZp � U�V^c gXCFVWO#_�_<>`c.��c p�c BZOtN�c'JXc >AQ�@ N
JLEABZ>[M�EAO VWO#_<U EAU�@ c��

='G�S 
 Odf g^aTOtMXU�VWB?S\a hij�rKmgL�,

(

f B ltj%j�r$3Ys$S\CFN^]�VW>`_<@%O abO#c O#CFVDf g^hiC#]is$S\CFN �

]�VZ> _<@�O s *�� �

7 ltq<; h$U%NPOtBts = �iCFQ _nJuCFE =t]XOtVZ@Ls E � S�U%QXf J�VWVZOtQXf p*CFQ _ VWO#f U�� OtVZp�� U%V'>AQX_uO�&*BWVZOtO#c��

_<VYC�� B?VWOtMXU�VWB , =?O#f lRj�j�r$3��

7 l�?<; h$puQXfYgis ) � *&J�EABW>AEAO'� OtEuCFBWU�NP> f >AB p �$C'Q�O'� f U%VZVZOdf BZQ�OdcZc�f VZ>[BZOtVW>AU%Q � U�VT_LCFBYC#]XC�c O

f U�Q f J�VZVWOtQXf p f U%Q<BWVZU�E � � S2* 


(

=WJ�f<s:L",2=?O#f OtN^]XOtVTlRjHfH?$33L/f L�� 9�r%q?�



qHh

� �

�

� � � � �����

7 lMLH; *&U�g CFQis�S �As�k'C�_uOtVZE[O s = �As h$>AQ _�cZCtp s�E �As
�!>AVDCFg�Odcegis!k �AsTC#QX_'Juf g �TC#V�= s � �

�'a I G	J @ � BWVYCFQ cZC�f BZ>AU%Q&VWO#f U�� OtVZp NPOtBWg�Uu_PceJLM�MXU�VZBW>AQ�@�:XQ�O'� @%VYCFQuJ�E CFVZ>[B p
E[Uuf � �

>AQ�@^C#QX_ MXC#VZBW>`CFEiVWU�E[EA]XC%f �Lc�JXce>[Q�@��TVZ>[BZO�� CFgLO#C�_�EAU�@%@�>[Q�@�� �'S2* 


(

=WJ , BWU^CFM��

M OdCFV�3 CFQ _ I E�* aTO#ceO#C#VYfYg*aTOtMXU�VWB'a o/hHh L j+, o C#Q�ltj f�j$3Ys I+E�* �?E[N�C�_uOtQ�aTO��

ceO#C#VYfYg S�ORQ<BWOtVts#JuCFQ o�U ceO s$S2� �

7 lg9<; *&U�g CFQisXS � CFQX_^h$O��u>AQ�O s ���$�'a�I G	J�m I.*5@ C#Q
O � f >[OtQ<B CFQ _ g�>[@�g f U�Q f J�VZVWOtQXf p

>AQX_<O�& N�C#QXCF@%OtNPOtQuBiNPOtBWg�Uu_	JXce>[Q�@ �TVW>ABWO�� C#g�O#C%_ E[U�@�@%>AQ�@6� I E�* aTO#ceOdCFVYfYg^aTO��

M U%VZB a?o hHf<L h , �?J�@^ltj f�j 3Ds#I+E�* � EAN�C%_<OtQ aTO#c O#CFVDf gPS�OtQuBZORVtsbJuC#Q�o�U c O s S2� �

7 lgh<; aTU�BZgLOtVZNPORE sB> � CFQX_ *&U�gXC#Qis�S � �'a I G	J�m ) 
 @�� VZOdf U�� OtVZp'N OtBZg�Uu_	] C�ceOd_ U%Q

�TVZ>ABWO�� CFg�O#C%_PEAU�@%@�>[Q�@ � U�V\Q�O#ceBWO#_PBZVDCFQXcWC�f BW>AU�Q c�� �!VZUuf�����hi=aE S�U%Q?����,.�?JL@�JXc Bts

ltjHf%j 3 � N�ceBWOtVY_�C#N*s )?ORBZg�OtVWE`C#QX_�c s ?H? n�� ?<L/h �

7 l#n�; 
iVYCF>[@�OtVRs	I��7
iVZOtQ _�c >[Q cepLceBZORN�c	C%ceMXO#f BDc U�� _�CFBDCF]XC%ceO N�CFQXC#@�OtN OtQ<B'� � VWUuf��

IDS

(

=�S�U�Q ���As$S\CFN^]�VW>`_<@%O s�*�� ,Dltj fH? 3

7 lgf<; ( Ot>9�uJ�N*s � � C#QX_ Juf gLO��$s k � � o��=�?VDf g�>[BZO#f BZJ�VDCFEH>`cZc J�O#c'U!� BZVDCFQXcWC�f BW>AU�Q N�C#Q��

CF@�ORNPOtQuB >AQ N^J�EABW>9� E`Ctp�OtVWO#_�c p�c BZOtN�c�� �!VZUuf�� � hi=aE S�U�Q ���#,.�?JL@�JXc Bts	lRjHf L?3Ys

J >AQ�@ CFMXU�VWO s#L/9<LB� L hH9 �

7 lRj<; ( Ot>9�uJ�N*s � � � BZg�ORU�VZORBZ>`fRCFE$� U�J�QX_LCFBZ>[U�Q^U!� N
J�E[BZ>�� E[O���OtE f U�Q f J�VZVWOtQXf p f U�QuBZVWU�E �

� VWUuf�� �'S2* �

(

=WJ�S�U�Q?���=,.**C#VYfYg*ltj fHh$3'S\CFN^]�VZ> _<@�O s�*�� � ?<l��sL q �

7 q%r<; ( Ot>9�uJ�N*s � �As k'C%cZc O s<S �As E�VWU O#cZc EAOtVRs�� �[s CFQX_ *&J�BWgis�� ��*&J�EABW>9� EAO�� OtE%VZO#f U!� ORVZp$�

� VWUuf�� �'S2* �

(

=WJ�S�U�Q?���[s )'C�c g?�u>AE[EAO s 
iOtQ�Q�,.� M�VZ>[E s$lRj�j%r 3��


