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YfSUW�TqW�SUY�VXY�jk^C\¸^a`ÀY��eSc�qVXY�VO�MgedeÑ.tfYfW�d.ilY�deW�S��qjpt�il^ªsaSUW�uEj�t�Y��eScTqW�^OilS]t�t�^a`¾jp�eS]\=Y�jk`,uAj�\eoFil^C\qilSUT.Y�t��eS]t�ilW{jkÑ.jp\eo

jp\=YfSUW�S]tfY�jp\qo?Va\q�*W�SUT�SUY�jpY�jksaSnt�deÑ.t�YfW�dqilY�deW�S]t$Ï_jkY��qjp\·t�YfW�dqilY�deW�VazJ�qVXY�VO� # \qilS��.jpt�il^�saSUW�S]�"~.Y��eS¿t�deÑ.t�YfW�dqilY�deW�S

il^C\qilSUTqY�iUVa\�Ñ�SÀdqtfS]��Yf^�t�jpZ[T.zpjp`²u�Y��eS¾�qVXY�V�Ñ=u�W�SUT.zpVaiUjp\qohjp\qt�Y�Va\qilS]t ^a`.Y��eSÀt�deÑ.t�YfW�dqilY�deW�S;Ï_jkY��¿V�T�^Cj�\�YfSUW Yf^
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�eS]t�ilW{jkTqY�jk^C\½^a`�Y��eS%t�YfW�dqilY�deW�Vaz$W�SUoCdqzpVXW�jpY�jkS]t[jp\ Y��eS2�qVXY�VO�5'1),+2-�)/. dqtfS]tFVµil^CZ[T.dqY�VXY�jk^C\qVazpzku=Ô¹Ñ�^Cdq\q�eS]�

jp\eSlxeVailY'oaW�VXT.�QZcVXY�i��QY��.VXY'jp�qS]\�Y�j6$7S]t;t�j�ZcjpzpVXW]~�Ñ.deYÀ\e^aY'j��eS]\�Y�j�iUVazÊ~=jp\.tfY�Va\qilS]t'^a`JV�t�deÑ.t�YfW�dqilY�deW�ShVa\q�7$7\q�qt

Va\EVXTqTqW�^�xOjpZ?VXYfS�Z[S]Vat�dqW�S�^a`�iUzk^Ct�S]\eS]t�th^a`�Y�Ï'^Mt�dqÑ.tfYfW�dqilY�dqW�S]t$Ï_�qS]\%dq\q�qSUW_il^CZ[T.deY�VXY�jp^C\qVaz0il^C\.tfYfW�Vajp\=Y�tU�

Ò¨\MVa�.�qjkY�jk^C\FYf^�Y��eS�Z?jp\qjpZ¿dqZ �qS]t�ilW�jkTqY�jp^C\FzkS]\qoaY��FT.W�jp\qiUjkT7zkSa~a^aY��eSUW¾Ñ.Vai�}=oaW�^Cd.\q�M}A\e^ªÏ_zkS]�eoaS�iUVa\QÑ�S�dqtfS]�

ÑAu8'*)�+2-�)/.QYf^coCdqjp�qS�Y��qS�tfS]VXW�i{�*Yf^�ÏÀVXW��qthZ[^aW�S�VXT.TqW�^aTqW�j�VXYfS�t�deÑ.tfYfW�d.ilY�deW�S]tU�



C C

CH
2

CH3 H

CH
2

C C

CH
2

CH3 H

CH
2

C C

CH
2

CH3 H

CH
2

C C

CH
2

CH3
H

CH
2

C C

CH
2

CH3 H

CH
2


9jkoCdeW�S � ��� VXY�dqW�Vaz"W�deÑ.Ñ�SUW¾VXYf^CZcj�intfYfW�dqilY�dqW�S

H

C

CH2

CH3

CH2

C

single

single single

single

double

H

C

CH2

CH3

CH2

C

single

single single

single

double


9jkoCdeW�S�� � R�jpt�il^�saSUW�S]�Et�deÑ.t�YfW�dqilY�deW�S

� #��_�h
��¨���
	 �����2���
�[�[���������

w$�eS[t�dqÑ.tfYfW�dqilY�dqW�S��qj�t�il^�saSUW�uEtfuOtfYfS]Z W�SUTqW�S]t�S]\�Y�t�tfYfW{dqilY�deW�S]�»�qVXY�V·Vat�V·zpVXÑ�S]zkS]�2oaW�VXT.��� # Ñ �fS]ilY�t�jp\EY��eS

�qVXY�V½ZcVXT Yf^½saSUW�Y�jpilS]tQ^aW·t�ZcVaz�zht�dqÑqoaW�VXT.�qtFjp\ Y��eS2oaW{VXT.�"~_Va\q��W�S]z�VXY�jk^C\qt��qjpT.t[Ñ�SUY�Ï'SUS]\ ^aÑ �fS]ilY�t·ZcVXT

Yf^µ�qjkW�S]ilYfS]�Ó^aWcd.\q�qjkW�S]ilYfS]�ÓS]�eoaS]t[jp\ÈY��eSQoaW�VXT7�"� y����
������>��JB����J>@/ j�t¿V»il^C\q\qS]ilYfS]� t�deÑqoaW{VXT.� ÏhjkY��qjp\

Y��eS*oaW{VXT.�qjpiUVaz¾W�SUTqW�S]tfS]\=Y�VXY�jk^C\"�Ëw$�qj�t�oaW�VXT.�qjpiUVaz$W�SUTqW�S]tfS]\=Y�VXY�jk^C\�tfSUW�saS]tFVatFjp\qT.deY�Yf^ Y��eSEt�deÑ.t�YfW�dqilY�deW�S

�qjpt�il^�saSUW�u·tfuOtfYfS]Z·�


9jkoCdeW�S �[t��e^�Ï V·t�VaZcT.zkS�oaW�VXT.�qj�iUVaz0W�SUTqW�S]tfS]\=Y�VXY�jk^C\¸^a`'Va\µjp\eT.dqY�$7zkS�Yf^ '*)�+2-�)/.EÏ_�qjpi{�2W�SUTqW�S]tfS]\=Y�t

Y��eS�VXYf^CZcjpi_t�YfW�dqilY�deW�S_^a`�\qVXY�deW�VazeW{deÑqÑ�SUW]����jksaS]\?Y��.jpt�jp\eT7deY��qVXY�VXÑ.VatfSa~*'*),+*-,),.c�qjpt�il^ªsaSUW�t;Y��eSht�dqÑqoaW�VXT.�

t��e^ªÏ_\*jp\ 
9jkoCdqW�S���Vat$Y��eS�Ñ�S]t�Y$t�deÑqoaW�VXT7�FYf^F�eS]t�ilW�jkÑ�S�Y��eS�j�\eT.deYÀ�qVXY�VXÑ.VatfSa�



H

C

CH2

CH3

CH2

C

single

single single

single

double

H

C

CH2

CH3

CH2

C

single

single single

single

double

Sub

Sub SubSubSubSub

single singlesinglesingle


9jkoCdqW�S�� � b'^CZ[T.W�S]t�tfS]�QW�SUT.W�S]tfS]\=Y�VXY�jk^C\*^a` Y��eSnoaW�VXT7�

CH3

O

O

CH3 C   O

CH OH2

OH

Original Database Discovered Substructure


9jkoCdqW�S�� � b'^aW�Y�j�tf^C\eSnVXYf^CZcjpi�tfYfW�dqilY�deW�S

y�\2)�- ����+.-0BC/Q^a`�V?t�deÑ.tfYfW�d.ilY�deW�Snjp\2Va\%jp\eT7deY¾oaW�VXT.�2jpt_VFtfSUY_^a`�saSUW�Y�j�ilS]thVa\q�2S]�eoaS]th`²W�^CZ Y��eS¿jp\eT.deY

oaW�VXT.�EY��qVXY�ZcVXY�i{�"~�jptf^CZc^aW�T.�qjpiUVaz�zkua~.Yf^·Y��eS¿oaW�VXT.�.jpiUVaz W�SUTqW�S]tfS]\=Y�VXY�jk^C\E^a`
Y��qS¿t�dqÑ.tfYfW�dqilY�dqW�Sa��w$�eS�jp\eT.deY

oaW�VXT.��il^C\=Y�Vajp\qt $.saSEj�\qtfY�Va\qilS]tF^a`�Y��qjptMil^C\qilSUTqYQjp\ Y��qS2�qVXY�VXÑ.Vat�Sa� y�tFt��e^�Ï_\�jp\ 
 jpoCdeW�S��A~ '*),+*-,)/.

W�SUT.z�VailS]tcY��eS%j�\qtfY�Va\qilS]t?Ï_jkY�� V T�^Cj�\�YfSUWcYf^ÓY��eS%il^C\qilSUT.YF�eS $7\.jkY�jk^C\ Va\q� Y��=dqtcW�S]�eS $7\eS]t?Y��eS%�qVXY�VXÑ7VatfS

jp\EYfSUW�Zct�^a`;Y��qjpt�t�deÑ7tfYfW�dqilY�deW�Sa� 
 jpoCdeW�S��*t��e^ªÏ_t�Y��eSct�deÑ.t�YfW�dqilY�deW�S¿�qjpt�il^ªsaSUW�S]�¸ÑAu '*)�+2-�)/.2j�\EVa\q^aY��eSUW

i��qS]ZcjpiUVaz�il^CZ[T�^Cdq\.�"~eil^aW�Y�jptf^C\eSa�

w$�qSnt�deÑ.tfYfW{dqilY�deW�S��qjpt�il^�saSUW�u·Vazkoa^aW�jpY��qZ dqtfS]�*Ñ=u '*),+*-,),.Mj�t$Vcil^CZ[T.dqY�VXY�jk^C\qVazpzku=Ô�il^C\qtfYfW{Vajp\eS]�QÑ�S]VaZ

tfS]VXW�i{�"��w_�eS¿Vazpoa^aW�jkY��qZ Ñ�SUoCjp\qt�Ï_jkY��2Y��eS[t�deÑ7tfYfW�dqilY�deW�S¿ZcVXY�i{�qjp\eo·VQt�jp\qoCzkS�saSUW�YfSlx»jp\2Y��eS�oaW�VXT.����m
Vai{�



OCH2

O

N

N

N
N

N

H

H

H

O

N

O CH3

O

O
OCH2

O

N
O

PO OH

O

O

PO OH

OCH2

O

O

PO OH

CH2

O

P OHO

H

H

O

CH3

O

CH2

O
NO

N
N

NN

N

P OHO

O

O

CH2

O

N H

N
N O

H

P OHO

O

O

N
N

OCH3

H

H N

N
N

N

H

N

OCH2

O

O

P

O

P

S1 C =

CH2

O

O

O OH

O

S2

O OHS2

O OHS2

S   =
1

S   =
2

S   =
3


9jkoCdeW�S�� � gOVaZ[T.zkS�W�S]t�dqzkY�tÀ^a`
gOdeÑ"�qdeS�^C\*Vc�.\qV�tfS]Î=dqS]\qilS

jkYfSUW�VXY�jp^C\ Y��eW�^CdqoC� Y��eSEVazkoa^aW�jkY��.Z�tfS]zkS]ilY�tFY��eS2Ñ�S]t�YFt�deÑ7tfYfW�dqilY�deW�S*Va\q� SlxOT.Va\q�qt?Y��eS2j�\qtfY�Va\qilS]tF^a`�Y��eS

t�deÑ7tfYfW�dqilY�deW�S;ÑAu�^C\qS$\eS]jkoC�=Ñ�^aW{jp\eo�S]�eoaS_jp\�VazpzOT�^Ct�t�jpÑ.zkS
ÏÀV]uOtU��w$�qSÀ\qSUÏ dq\qjpÎAdeS'oaS]\eSUW�VXYfS]�Ft�deÑ.tfYfW{dqilY�deW�S]t

� �qdeT7zpjpiUVXYfS�t�deÑ.t�YfW�dqilY�deW�S]t¾VXW�SnW�S]Z[^ªsaS]�*`,W�^CZ Y��eS�z�jptfY��
Ñ�S]il^CZ[S�iUVa\q�qj��qVXYfS]t¾`,^aW_`�deW�Y��eSUW¾SlxOT.Va\qt�jp^C\"��w$�eS

Vazkoa^aW�jpY��qZ t�S]VXW�i��eS]t�`,^aW�Y��eS¿Ñ�S]t�Yht�deÑ7tfYfW�dqilY�deW�S�dq\=Y�jpzJVaz�zJT�^Ct�t�jpÑ.zkSnt�deÑ7tfYfW�dqilY�deW�S]th�qV�saS�Ñ�SUS]\Eil^C\qt�j��eSUW�S]�

^aW�Y��eS�Yf^aY�Vaz�VaZc^Cdq\�Y�^a`
il^CZ[T7deY�VXY�jk^C\2SlxOilSUS]�qt�VFoCjksaS]\»zpjpZ?jkYU�$w$�eS�SUs@Vazpd.VXY�jk^C\%^a`
S]Vai��¸t�deÑ7tfYfW�dqilY�deW�S�jpt

oCdqjp�qS]�QÑ=uMY��eS��ER�� TqW{jp\qiUjkT.zpShVa\q�Q^aY��eSUWhÑ.Vai�}AoaW�^Cdq\.�·}A\q^�Ï_zkS]�qoaSnTqW�^ªsAjp�qS]�QÑ=uMY��eSndqtfSUW��

w;u=T7jpiUVazpzkua~a^C\qilS¾Y��qS$�eS]t�ilW�jkT.Y�jk^C\�zkS]\eoaY��[V	��^aW��eS]�[ÑAu¿Va\cSlxAT.Va\.�qjp\eo�t�deÑ.t�YfW�dqilY�deW�S'Ñ�SUoCjp\qt Yf^�jp\.ilW�S]VatfSa~

`�deW�Y��eSUWMSlxAT7Va\qt�jk^C\ ^a`nY��eS¸t�deÑ7tfYfW�dqilY�deW�S*Ï_jpzpzh\e^aYMuAjkS]z�� VÈt�ZcVazpzpSUWM�eS]t�ilW�jkTqY�jk^C\ zkS]\eoaY��"� y�tQVÓW�S]t�dqzkYU~

'*),+*-,),. ZcVX}aS]t·dqt�S2^a`¿Va\ ^aT.Y�jk^C\qVazhTqW�dq\qj�\eo Z[S]i{�qVa\qjpt�Z Y��qVXYQS]zpjpZ?jp\qVXYfS]tMt�deÑ.tfYfW{dqilY�deW�S*SlxOT.Va\qt�jk^C\qt

`,W�^CZ il^C\qt�j��eSUW�VXY�jk^C\QÏ_�qS]\·Y��eSn�eS]t�ilW{jkTqY�jk^C\·zkS]\qoaY��qtÀ`²^aW_Y��eS]tfSnSlxOT.Va\qt�jp^C\qt¾jp\qilW�S]Vat�S]tU�


9jkoCdeW�S
��t��e^�Ï_t_V[t�VaZ[T.zkS�jp\qT.deYÀ�qVXY�VXÑ.VatfSnil^C\=Y�Vajp\qjp\qo�V�T�^aW�Y�jp^C\Q^a` V[R � y tfS]ÎAdeS]\qilSa�
Ò¢\QY��qj�t¾iUVatfSa~



VXYf^CZctQVa\q��t�ZcVazpzhZ[^CzkS]iUdqzpS]tFjp\ Y��eSEtfS]Î=dqS]\qilSEVXW�S2W�SUT.W�S]tfS]\=YfS]� ÏhjkY�� zpVXÑ�S]zkS]� saSUW�Y�jpilS]tQjp\ Y��eS2oaW{VXT.�"~

Va\q�EY��eS[t�jp\qoCzkS�Va\q�»�e^CdqÑ.zkS�Ñ�^C\q�.t_Ñ�SUY�Ï'SUS]\¸VXYf^CZct�VXW�S�W�SUT.W�S]tfS]\=YfS]�»Ï_jkY��EzpVXÑ�S]zkS]�%S]�qoaS]t�jp\%Y��qS¿oaW{VXT.�"�

'*),+*-,),.��qjpt�il^ªsaSUW�t0t�deÑ.tfYfW�d.ilY�deW�S����J`,W�^CZËY��eS'jp\eT.dqY��.VXY�VXÑ.VatfSa��y_`,YfSUW0il^CZcTqW�S]t�t�j�\eo¾Y��eS
^aW{jkoCjp\qVaza�qVXY�VXÑ7VatfS

dqt�j�\eo����U~1'*),+*-,),. $7\q�.t
t�deÑ7tfYfW�dqilY�deW�S����@~OÏ_�qjpi{�?Ïh�eS]\Fd.tfS]�?Yf^[il^CZ[T.W�S]t�t'Y��eS��qVXY�VXÑ.VatfS�`�deW�Y��eSUWÀVazpzk^ªÏ_t

'*),+*-,),.µYf^ $7\q�Ót�deÑ.tfYfW{dqilY�deW�S���	@�µgedqi��ÓW�SUT�S]VXYfS]�½VXTqT.zpjpiUVXY�jp^C\µ^a` '*)�+2-�)/. oaS]\qSUW�VXYfS]t[V2�.jkSUW�VXW�i{�qjpiUVaz

�eS]t�ilW{jkTqY�jk^C\M^a`9Y��eS�tfYfW{dqilY�deW�S]t¾jp\QY��qS��qVXY�VXÑ.VatfSa�


���
����������������������������! "�#��$%������&(')��*(�,+.-0/21�����&��3�41654�

w$�eS87È)�-0)97 �:7 I / ��BC>@)<; �ª),57- H,/O-"= �ªN2>@? (·:BA�T.W�jp\qiUjkT7zkS�jp\=YfW�^O�qdqilS]�¸ÑAuDC_jpt�t�Va\eS]\ � C_j�t�t�Va\eS]\"~����	�	� �

tfY�VXYfS]t�Y��qVXYnY��eS[Ñ�S]tfY�Y��eSU^aW�uEYf^%�eS]t�ilW�jpÑ�S[V*t�SUYn^a`¾�qVXY�V*jptnVQY��qSU^aW�u»Ï_�qjpi{�¸Zcjp\qjpZ?j��US]t�Y��eS?�eS]t�ilW{jkTqY�jk^C\

zkS]\eoaY��c^a`7Y��eS_S]\�Y�jkW�S_�qVXY�VntfSUYU��w$�qS �2R��2TqW�jp\qiUjpT.zkS;�.Vat�Ñ�SUS]\[dqtfS]�[`,^aW
�eS]iUj�t�jk^C\�YfW�SUS_j�\q�qdqilY�jk^C\ �FE�dqjp\qzpVa\

Va\q�GC_jksaS]t�YU~����	�	� �¢~ejpZcVXoaS�TqW�^OilS]t�t�jp\eo � H S]�q\qVadqzkYU~����	�	���#H S]\�Y�z�Va\q�"~����	�	��� ��S]iUzkSUW�iX~ ���	�	� �¢~Oil^C\.ilSUTqY'zpS]VXW�\OÔ

jp\eo¸`,W�^CZ W�S]zpVXY�jk^C\qVaz$�.VXY�V � R�SUW�Y��qjpi�}7~ ���	� � �v~¾Va\q� zkS]VXW�\qjp\qo»Zc^A�eS]z�t�^a`�\q^C\OÔ��e^CZ[^aoaS]\eSU^Cd.tcS]\eoCjp\qSUSUW�jp\eo

�e^CZcVaj�\qt � C_VX^?Va\.� �Jd"~/���	� � � �

&¸SÀ�eS]Z[^C\qt�YfW�VXYfS'�q^�ÏÈY��eS;Zcj�\qjpZ¿dqZË�eS]t�ilW�jpTqY�jk^C\nzkS]\qoaY���TqW{jp\qiUjkT.zpS iUVa\¿Ñ�S
dqtfS]��Yf^��.jpt�il^�saSUW9t�deÑ7tfYfW�dqi«Ô

Y�deW�S]t;jp\cil^CZ[T7zkSlxc�qVXY�VO��Ò¢\cT.VXW�Y�jpiUdqz�VXW]~�V�t�deÑ.tfYfW�d.ilY�deW�S¾jpt�SUsXVazpdqVXYfS]�?Ñ.VatfS]�?^C\?�e^ªÏ Ï'S]zpzqjkY;iUVa\?il^CZ[TqW�S]t�t

Y��eS·S]\=Y�jkW�S*�qVXY�V tfSUYU� &¸S%�eS $7\qS·Y��eS*Zcjp\qj�Z�dqZ �eS]t�ilW{jkTqY�jk^C\½zkS]\eoaY��½^a`�V»oaW�VXT7�½Yf^µÑ�S·Y��eS*Zcjp\qj�Z�dqZ

\AdqZ�Ñ�SUWn^a`¾Ñ7jkY�t�\eS]ilS]t�t�VXW�u¸Yf^2il^CZcT.zkSUYfS]zkuµ�eS]t�ilW�jkÑ�S[Y��eS?oaW{VXT.�"� '*),+*-,)/.¸t�S]VXW�i��eS]t¿`,^aW�VEt�deÑ.t�YfW�dqilY�deW�S

Y��qVXY'Zcjp\qjpZ?j��US]t�I � � �KJLI �4M8N � �{~=Ï_�eSUW�SO�µjpt�Y��eSh�qjpt�il^ªsaSUW�S]�?t�dqÑ.tfYfW�dqilY�dqW�Sa~ M j�t�Y��eS_jp\qT.deY�oaW�VXT.��~�I � � ��jpt

Y��eS�\=dqZ�Ñ�SUW�^a`"Ñ.jkY�t � �eS]t�ilW�jkT.Y�jk^C\czkS]\eoaY�� � W�S]ÎAdqjkW�S]�[Yf^�S]\qil^O�eS_Y��eS��qjpt�il^ªsaSUW�S]�Mt�deÑ.tfYfW{dqilY�deW�Sa~�Va\.�PI �4MQN � �

jptÀY��eS�\=dqZ�Ñ�SUW¾^a`9Ñ.jkY�tÀW�S]ÎAdqjkW�S]�MYf^FS]\qil^A�qS�Y��eS�jp\eT7deY;oaW{VXT.� M ÏhjkY��QW�S]tfT�S]ilY¾Yf^G�'�

w$�qS�oaW�VXT.�Eil^C\q\eS]ilY�jpsAjkYvu*iUVa\EÑ�S�W�SUTqW�S]tfS]\=YfS]�EÑ=u*Va\EVa����VailS]\qilu%ZcVXYfW{j´x��hyht�t�dqZ[S�Y��.VXYhY��eS¿�eS]il^O�eSUW

�qVat�VcY�VXÑ.zpSn^a`�Y��eS�d.\qjpÎAdeSnzpVXÑ�S]zpt$jp\%Y��eS�^aW{jkoCjp\qVaz"oaW{VXT.� M ~.Y��eS�S]\qil^A�.jp\eo[^a`�Y��eS�oaW�VXT.�Eil^C\qt�jptfY�t_^a`�Y��eS

`,^Czpzk^�Ïhjp\eo[tfYfSUT.tU�



�X�_R�SUYfSUW�Z?jp\eSnY��eSn\AdqZ�Ñ�SUW¾^a` Ñ7jkY�t������ ���À\eSUS]�eS]�·Yf^cS]\.il^A�eS�Y��eSnsaSUW�YfSlx*zpVXÑ�S]zptÀ^a` Y��eSnoaW�VXT7�"�

�A�_R�SUYfSUW�Z?jp\eSnY��eSn\AdqZ�Ñ�SUW¾^a` Ñ7jkY�t������ ���¾\eSUS]�eS]�*Yf^cS]\qil^O�eS�Y��eSnW�^ªÏ_t¾^a`9Y��eS�Va�!�fVailS]\qilu·ZcVXYfW{j´x
	��

�A�_R�SUYfSUW�Z?jp\eSQY��eSQ\=dqZ�Ñ�SUW�^a`_Ñ.jkY�t ����� ����\eSUS]�qS]�ÓYf^»S]\qil^O�eSMY��eSMS]�eoaS]t�W�SUTqW�S]t�S]\�YfS]�½ÑAuµY��eSMS]\�YfW{jkS]t

	 � ��
��	��� ��^a`9Y��eSnVa�!�fVailS]\qilu*Z?VXYfW�j´x
	��

w$�qS�Yf^aY�Vaz�S]\qil^O�qjp\eo�^a`9Y��eSnoaW{VXT.�QY�VX}aS]t ����� ����� J�� � ����� J�� � ����� �'Ñ.jpY�tU�

� &��! #" ���%$ �&"�1�* +'" ����*

y�zkY��e^CdeoC�2SlxOVailYnt�YfW�dqilY�deW�S�ZcVXY�i{�¸iUVa\»Ñ�S�dqtfS]�2Yf^ $7\q�EZcVa\=u2jp\=YfSUW�S]tfY�jp\qoFt�deÑ7tfYfW�dqilY�deW�S]tU~�Z?Va\�u*^a`;Y��eS

Z[^CtfY[jp\=YfSUW�S]tfY�j�\eo¸t�deÑ.tfYfW{dqilY�deW�S]t¿t��e^ªÏ deT jp\ÓV¸t�zpjkoC�=Y�zkuµ�qj ��SUW�S]\=Y¿`,^aW�Z Y��eW�^CdqoC�e^CdeY�Y��eS·�qVXY�VO�Ów_�eS]tfS

�qj ��SUW�S]\qilS]t[Z?V]uÈÑ�SQ�qdeSQYf^µ\e^Cj�tfS·Va\q�½�qjptfYf^aW�Y�jp^C\"~�^aWcZcV�u ��dqtfY[jpzpz�dqtfYfW�VXYfSMt�zpjkoC�=Y[�qj ��SUW�S]\qilS]t¿Ñ�SUY�Ï'SUS]\

jp\qt�Y�Va\qilS]t¾^a` Y��eS�t�VaZ[S�oaS]\eSUW�Vaz�iUzpVat�t¾^a`�tfYfW�dqilY�deW�S]tU�

��jpsaS]\?Va\cjp\qT.deY9oaW�VXT.�FVa\q�cVntfSUY
^a`��qS $7\eS]�ct�dqÑ.tfYfW�dqilY�dqW�S]tU~aÏ'S$Ï'Va\=Y
Yf^ $7\q�[Y��e^Ct�S_t�deÑqoaW{VXT.�qt9^a`�Y��eS

jp\eT7deY�oaW�VXT.�?Y��qVXY;Z[^Ct�Y;iUzk^CtfS]zpu¿W�S]tfS]Z�Ñ7zkS$Y��eShoCjksaS]\?t�dqÑ.tfYfW�dqilY�dqW�S]tU��
qdeW�Y��eSUW{Z[^aW�Sa~�Ï'S_ÏÀVa\=Y;Yf^¿Vat�tf^OiUjpVXYfS

V?�.jptfY�Va\qilS�ZcS]Vat�deW�S�Ñ�SUYvÏ;SUS]\EVcT7VajkW_^a`�oaW�VXT7�qt_il^C\qt�jptfY�jp\eo[^a`�V?oCjksaS]\Et�deÑ.tfYfW{dqilY�deW�SnVa\q�2V?t�dqÑqoaW�VXT.�·^a`

Y��eS�jp\eT.dqY$oaW�VXT.�"� &¸S[Va�e^aTqY�Y��eS�VXTqTqW�^CVai��EYf^·jp\eSlxeVailY�oaW{VXT.�2Z?VXY�i��»oCjksaS]\EÑAu83Àdq\e}aS[Va\q�EyhzpzpSUW�ZcVa\q\

� 3Àdq\e}aS�Va\.�*yhz�zkSUW�ZcVa\q\�~1���	� � � �

Ò¨\»Y��qjpt�jp\qSlxOVailYnZcVXY�i{�µVXTqTqW�^CVai��"~0S]Vai�� �.jptfYf^aW�Y�jk^C\E^a`ÀVQoaW�VXT.�¸jpt�Vat�t�jkoC\eS]�¸V·il^CtfYU�cy �qjpt�Yf^aW�Y�jk^C\»jpt

�eS]t�ilW{jkÑ�S]�Fjp\FYfSUW�ZctÀ^a`0Ñ.Vat�jpi�YfW�Va\.tf`²^aW{ZcVXY�jk^C\qtÀt�dqi{�QVat¾�eS]zkSUY�jk^C\"~ejp\.tfSUW�Y�jk^C\"~AVa\q�·t�deÑ7tfY�jkY�deY�jk^C\?^a`JsaSUW�Y�j�ilS]t

Va\q� S]�eoaS]tU�·w$�eS?�.jptfYf^aW�Y�jk^C\ il^CtfY�t�iUVa\ÓÑ�S?�eSUYfSUW�Z?jp\eS]�¸ÑAu»Y��eSFdqt�SUW�Yf^%Ñ7jpVat�Y��eSMZcVXY�i��Ó`²^aW�^aW¿VXoCVaj�\qtfY

T.VXW�Y�j�iUdqzpVXW¾Y�uAT�S]t¾^a`��qjptfYf^aW�Y�jk^C\qtU�

y�\?jp\qSlxOVailY�oaW{VXT.�?ZcVXY�i{�?Ñ�SUYvÏ;SUS]\?Y�Ï'^�oaW�VXT7�qt)(��;Va\q�*(��$ZcVXT.t+(K�;Yf^,(��_t�dqi��?Y��qVXY+(��$jpt
jp\�YfSUW�TqW�SUYfS]�

Vat�VQ�qjptfYf^aW�YfS]�2saSUW{t�jk^C\»^a`+(��U� 
e^aW{ZcVazpzkua~"Va\¸jp\eSlxeVailY�oaW�VXT.�¸ZcVXY�i{�¸jpt�VQZcVXTqT.jp\qo.- �0/ ��1 / �32 |54 �C~

Ï_�eSUW�S / �
Va\.� / �_VXW�S$Y��eS�tfSUY�t�^a`�saSUW�Y�jpilS]t;^a`6(K�'Va\q�*(��X~�W�S]tfT�S]ilY�jksaS]zpua�9y saSUW�YfSlx �87 / �
Y��qVXY
j�t�ZcVXTqT�S]�



4

5

1 2
3

A B
B

B

A

a b

a

b

g1 g2

b

a


9jkoCdeW�S 
 � w$Ï;^ct�j�ZcjpzpVXWÀoaW�VXT.�.t3(K�_Va\.�
(��X�

Yf^ 4 � jÊ��Sa�k~6- ��� � � 4 �Àjpt¾�eS]zkSUYfS]���
w$�qVXY$jpt]~qjkY¾�qVat_\e^cil^aW�W�S]tfT�^C\q�qjp\qo�saSUW�YfSlx%j�\
(��X�

��jpsaS]\µV·tfSUY�^a`'T.VXW�Y�jpiUdqz�VXW��.jptfYf^aW�Y�jk^C\»il^CtfY�t�Vatn�qjpt�iUdqt�tfS]�»VXÑ�^�saSa~0Ï;Sc�eS $�\eS�Y��eScil^CtfYn^a`ÀVa\µjp\eSlxeVailY

oaW�VXT.�?ZcVXY�i������ ��� � - �{~=Vat�Y��qSht�dqZ ^a`�Y��qS_il^CtfY
^a`�Y��eShjp\q�qjksOjp�qd.VazCYfW�Va\qt�`²^aW�Z?VXY�jk^C\qt�W�S]t�dqzkY�jp\qo�`,W�^CZ - ~AVa\q�

Ï'S¿�eS $�\eS���� � �	�
��� ��� � (�� 
 (�� �¾Vat�Y��eS�sXVazpdeS�^a`�Y��eS�zkS]VatfY¨Ô�il^CtfY�`�dq\qilY�jk^C\%Y��qVXY�Z?VXT.t$oaW�VXT7� (��h^C\=Yf^FoaW{VXT.�

(��X��Ò¢`)(���jpt�jptf^CZc^aW�T.�qjpinYf^ (��]~�Y��eS�il^CtfY�^a`
Y��eS�ZcVXY�i��»Ïhjpzpz"Ñ�S��O��w_�eS¿il^Ct�Y�^a`
Y��qjpt�ZcVXY�i��¸jp\.ilW�S]VatfS]t�Vat

Y��eS�\AdqZ�Ñ�SUW¾^a` �qj�t�t�jpZcj�zpVXW�jkY�jkS]t
Ñ�SUY�Ï'SUS]\*Y��eS�oaW�VXT7�qt$jp\qilW�S]VatfS]tU�

��jpsaS]\ (K�]~ (��X~'Va\q� V¸tfSUY[^a`��qjpt�Yf^aW�Y�jk^C\ il^CtfY�tU~'Y��eS*VailY�dqVaz_il^CZ[T.deY�VXY�jk^C\ ^a`
��� � �	����� ��� � (�� 
 (�� �¿iUVa\

Ñ�S[�eSUYfSUW�Zcjp\qS]�¸dqt�jp\eoQVQYfW�SUS?t�S]VXW�i�� TqW�^OilS]�qdeW�Sa��y&t�Y�VXYfS?jp\»Y��eSctfS]VXW{i��¸YfW�SUSFil^aW�W�S]tfT�^C\q�qt�Yf^%VQT7VXW�Y�jpVaz

ZcVXY�i{�2Y��.VXY�ZcVXT7t_VMt�deÑ.tfSUY_^a`�Y��eS�saSUW�Y�jpilS]t_^a`+(K�_Yf^QVMt�deÑ.tfSUY_^a`�Y��eS�saSUW�Y�jpilS]thj�\ (��X�$Ò¢\.jkY�jpVazpzkua~eÏ'S�t�Y�VXW�Y

Ï_jkY��»Va\»S]Z[T.Y�u2Z?VXTqT.jp\eoMVXY�Y��eS�W�^A^aY�^a`;Y��eSctfS]VXW�i{�»YfW�SUSa��m�xAT7Va\q�qjp\eoMV·tfY�VXYfScil^aW�W�S]t�T�^C\.�qt�Yf^QVa�.�qjp\eo

V[T.VajpW¾^a` saSUW�Y�jpilS]tU~.^C\qSn`²W�^CZ (K��Va\q�·^C\eSn`,W�^CZ (��X~eYf^?Y��qSnT.VXW�Y�jpVaz"Z?VXTqT.jp\eo[il^C\qt�YfW�dqilYfS]�%t�^c`,VXW��;y5$7\qVaz

tfY�VXYfS�j�\QY��eSntfS]VXW�i{�·YfW�SUS�jpt¾V[Z?VXY�i��*Y��.VXY$ZcVXT.t¾Vazpz�saSUW�Y�j�ilS]t$^a` ( � Yf^ ( � ^aW$Yf^ 4 t�dqi��·Y��.VXY¾`²^aW_Va\=uMS]�eoaS

Ñ�SUY�Ï'SUS]\ saSUW�Y�jpilS]t�j�\ (K�]~ Y��eSUW�SFjpt�Va\ S]�eoaS?Ñ�SUY�Ï'SUS]\ÓY��eS?il^aW�W�S]t�T�^C\.�qjp\eoQsaSUW�Y�jpilS]t¿jp\ (��X�·w$�eScil^CZ[T7zkSUYfS

tfS]VXW�i{�µYfW�SUS?^a`'Y��qS[SlxOVaZ[T7zkS?jp\ 
9jkoCdeW�S 
·jpt�t��e^ªÏ_\µjp\ 
9jkoCdqW�S7�=� 
e^aW�Y��qjpt�SlxeVaZ[T.zkS[Ï'S?Vat�t�jkoC\µVQsXVazpdeS

^a` �nYf^FS]Vai��E�qjptfYf^aW�Y�jp^C\*il^CtfYU�$w$�eSn\AdqZ�Ñ�SUW�t$jp\*iUjpW�iUzkS]t$jp\*Y��qjpt $7oCdeW�S�W�SUTqW�S]tfS]\�Y_Y��eS�il^CtfYh^a`�VctfY�VXYfSa�$y�t

Ï'S�VXW�S�SUsaS]\=Y�dqVazpzkuQjp\=YfSUW�S]tfYfS]�*jp\QY��qSnZcVXTqT.jp\qo�Ï_jpY��·Zcjp\qjpZ¿dqZ il^CtfYU~.S]Vai{�%tfY�VXYfS¿jp\MY��eSntfS]VXW�i{�*YfW�SUS�oaSUY�t



(1, 3) (1, 4) (1, 5) (1,  )

(2,4) (2,5) (2, ) (2,3) (2,5) (2, ) (2,3) (2,4) (2, ) (2,3) (2,4) (2,5) (2, )

1 0 1

7 6 10 3 6 9 7 7 10 9 10 9 11

1


9jkoCdqW�S � � gAS]VXW�i{�*YfW�SUS�`²^aW_il^CZcT.deY�jp\eo[ZcVXY�i{�qil^CtfY � (��@~ (�� �;`,W�^CZ 
9jkoCdeW�S��e�

Vat�t�jpoC\eS]�MY��eS�il^CtfYÀ^a`JY��eS�T.VXW�Y�j�Vaz7ZcVXT.T.jp\eo�Y��qVXY¾jkY;W�SUTqW�S]tfS]\=Y�tU��w$�Adqt'Y��eS�oa^CVaz�tfY�VXYfS�Yf^[Ñ�Sh`,^Cdq\q�FÑ=u?^CdeW

YfW�SUS[tfS]VXW�i{�¸TqW�^OilS]�qdeW�S�jpt�Y��eS $7\qVaz tfY�VXYfS[Ï_jpY��EZ?jp\qjpZ¿dqZ il^CtfYnVaZc^C\eo·Vazpz�$7\qVaz tfY�VXYfS]tU� 
qW�^CZ 
9jkoCdeW�S �

Ï'SQil^C\.iUzpdq�eSFY��qVXY�Y��eS·Zcjp\qjpZ¿dqZ il^Ct�Ycjp\eSlxeVailY�oaW�VXT7�ÈZ?VXY�i��½^a` ( � Va\q�%( � jpt¿oCjksaS]\ÈÑ=uµY��qSQZ?VXTqT.jp\eo

- � � � � �e~6- � � � � �A�
w$�eSnil^Ct�Y_^a` Y��qjpt$ZcVXT.T.jp\eo�jpt �e�

��jpsaS]\ oaW�VXT.�qt (��cÏ_jkY���� saSUW�Y�jpilS]tFVa\q��(��QÏ_jkY�� � saSUW�Y�jpilS]tU~ � ����~
Y��eS*il^CZ[T7zkSlxOjpY�u ^a`�Y��eS·`�dqzpz

jp\eSlxeVailY�oaW{VXT.� ZcVXY�i{�½jpt�� � ���	� � �{�83'S]iUVadqtfSMY��qjpt�W�^CdeY�jp\eScj�t�dqtfS]�Ó�eS]V]sOjpzku»Y��eW�^CdeoC�e^CdeY�Y��eSF�qj�t�il^�saSUW�u

Va\q�QSUsXVazpdqVXY�jk^C\QT.W�^AilS]t�tU~eY��eSnil^CZ[T.zpSlxOjkYvuF^a` Y��eSnVazkoa^aW{jkY��qZ�iUVa\%t�jpoC\qj6$7iUVa\=Y�zku?�eSUoaW{Va�eS�Y��eS�T�SUW�`,^aW�ZcVa\qilS

^a`9Y��eSntfuOtfYfS]Z·�

w0^njpZ[TqW�^�saSÀY��eSÀT�SUW�`²^aW{ZcVa\qilS'^a`7Y��eS¾jp\qSlxOVailY9oaW�VXT.�[Z?VXY�i��cVazkoa^aW{jkY��qZ·~XÏ'S¾SlxAYfS]\q� 3Àdq\q}aSaÐ�t�VXTqTqW�^CVai{�

ÑAu*VXTqT.zkuOjp\eocV?ÑqW�Va\qi{�OÔ�Va\q�OÔ¹Ñ�^Cdq\q�·t�S]VXW�i��EYf^MY��eS�YfW�SUSa�hw$�eS�il^CtfY�`,W�^CZ Y��qS�W�^A^aY_^a`�Y��eS�YfW�SUS¿Yf^MV?oCjksaS]\

\e^O�eS?jpt�il^CZ[T.deYfS]�ÓVat��eS]t�ilW�jkÑ�S]�¸VXÑ�^�saSa� � ^A�eS]t�VXW�SFil^C\.t�jp�eSUW�S]�µ`²^aW�T.VajkW�jp\qoCt�jp\¸^aW��eSUW�`²W�^CZ Y��eSMZ[^CtfY

�eS]V�sAjpzpu*il^C\q\eS]ilYfS]�EsaSUW�YfSlx2Yf^MY��eS¿zkS]VatfY�il^C\q\eS]ilYfS]�"~"Vat�Y��qjpthil^C\qtfYfW�Vajp\.t_Y��eS�W�S]ZcVajp\.jp\eo?ZcVXY�i{�"� 3;S]iUVad.tfS

ÑqW�Va\.i��OÔ�Va\q�eÔ¹Ñ�^Cd.\q� tfS]VXW�i��LoCdqVXW�Va\=YfSUS]t%Va\Ë^aT.Y�jpZcVazntf^Cz�deY�jk^C\"~hY��eS tfS]VXW�i{�PS]\q�.t·Vat%tf^A^C\PVat·Y��eS $.W�tfY

il^CZ[T.zpSUYfS�ZcVXTqT.j�\eo[jptÀ`²^Cd.\q�"�

Ò¨\?Va�q�.jkY�jk^C\"~CY��qS�dqt�SUW;iUVa\FT.zpVailShV�zpjpZcjpY�^C\?Y��eS�\=d.Z�Ñ�SUW
^a`�t�S]VXW�i��M\e^O�eS]t
il^C\qt�jp�eSUW�S]�?Ñ=u[Y��eShÑqW�Va\qi{�OÔ

Va\q�OÔ¹Ñ�^Cdq\.�µTqW�^OilS]�qdeW�S � �eS $�\eS]�ÓVat[VE`�dq\qilY�jk^C\È^a`$Y��qSQt�j��USQ^a`$Y��eS·jp\eT.dqY�oaW�VXT.�.t��{� # \qilSMY��eS·\=d.Z�Ñ�SUW

^a`;\q^A�eS]t�SlxOT.Va\q�eS]�»jp\2Y��eS[tfS]VXW�i{�»YfW�SUS[W�S]Vai{�eS]t�Y��eS[�eS $7\qS]�2zpj�ZcjkYU~�Y��eS[tfS]VXW�i��»W�S]tf^aW�Y�t�Yf^·�qjpzpz0iUzpjpZ�Ñ.jp\eo



dqt�j�\eoQY��eSFil^CtfY�^a`¾Y��eS?ZcVXTqT7jp\eo·tf^*`�VXW�Vat�Y��eS?Z[S]Vat�dqW�Sc`,^aW�i��q^=^Ct�j�\eo·Y��eScÑ�S]tfY�\q^A�eScVXY¿V·oCjksaS]\ÓzkSUsaS]zÊ�

3'uÓ�eS $�\qjp\eo%t�dqi��½V»zpjpZcjpYU~9t�jkoC\qj6$7iUVa\=Y�t�T�SUS]�.deTÈiUVa\ÈÑ�SMW�S]Vazpj��US]�½VXY�Y��eSMSlxAT�S]\qtfSM^a`hVaiUiUdqW�VailuÓ`,^aW�Y��eS

il^CZ[T.dqYfS]�*ZcVXY�i��2il^CtfYU�

� ������&�')����� "�� &���&���� 54� ��' � ��� ��*(� 
��
	�-��
� ��$(� �����

w$�eS8'*),+*-,)/. �qjpt�il^ªsaSUW�u tfuOtfYfS]Z Ï'Vat�jp\qjpY�jpVazpzkuE�eSUsaS]zk^aT�S]�Ód.t�jp\eo·^C\qzpuµ�e^CZcVajp\Ójp\q�eSUT�S]\q�eS]\=Yn�eS]deW{jptfY�jpiUt

Yf^µSUsXVazpdqVXYfS·T�^aYfS]\=Y�jpVaz$t�deÑ7tfYfW�dqilY�deW�S]tU�Óy�tcV¸W�S]t�dqzkYU~
tf^CZcS*^a`hY��qS*�qjpt�il^ªsaSUW�S]� t�deÑ7tfYfW�dqilY�deW�S]t¿Z?V]u \e^aY

Ñ�SMd.tfSU`,d.z'Va\.�ÓW�S]zkSUs@Va\=Y�Yf^µtfT�S]iUj6$7iM�e^CZcVajp\.t�^a`�jp\=YfSUW�S]tfYU�%
e^aWFjp\qtfY�Va\qilSa~;jp\½V2T.W�^aoaW�VaZcZcj�\eoE�q^CZcVajp\"~

Y��eS 3Àm ��Ò � Va\q�·m � R tfY�VXYfS]Z[S]\=Y�thZcV�uMVXT.T�S]VXW¾W�SUT�SUY�jpY�jksaS]zkucÏ_jpY��qjp\MV�TqW�^aoaW�VaZ �e�e^ªÏ;SUsaSUW�~.Y��eSUuM�e^c\e^aY

T�SUW�`,^aW�Z Va\=uµZ[S]Va\qjp\qoa`,dqz�`,dq\.ilY�jk^C\µ^C\ÓY��eS]jkW¿^�Ï_\/�
�eS]\qilSFY��eSUu¸SlxO�.jkÑ.jkY�z�jpZcjkYfS]�µd.tfSU`,d.zp\eS]t�tU�%gOj�ZcjpzpVXW�zpua~

jp\½V»Ñ.jk^Oi��qS]ZcjpiUVaz'�e^CZcVajp\"~;tf^CZ[S·il^CZ[T�^Cdq\q�qt¿^aWct�dqÑ.tfYfW�dqilY�dqW�S]t�ZcV]u½VXTqT�S]VXW�W�SUT�SUY�jkY�jksaS]zkuµÏhjkY��qjp\ÓY��eS

�qVXY�V ���e^ªÏ;SUsaSUW]~9Y��eSUu¸ZcV�u¸\e^aYnW�SUTqW�S]tfS]\�Y�Z[S]Va\qjp\eoa`�dqz ^aW�`�dq\qilY�jp^C\qVaz�dq\qjkY�t�`,^aW�Y��.jpt��e^CZcVajp\��?wJ^2ZcVX}aS

'*),+*-,),."Ð�t��qjpt�il^ªsaSUW�S]�µt�deÑ7tfYfW�dqilY�deW�S]t�Zc^aW�Scjp\=YfSUW�S]tfY�jp\eo·Va\q� dqtfSU`�dqz9VailW�^Ct�tnVQÏ_j��eS�s@VXW�jpSUY�uE^a`'�e^CZ?Vajp\qtU~

�e^CZcVaj�\»}A\e^ªÏ_zkS]�eoaSFjpt�Va�q�eS]�¸Yf^2oCdqjp�eS�Y��eSF�qjpt�il^ªsaSUW�u»TqW�^OilS]t�tU� 
qdeW�Y��eSUW�Z[^aW�Sa~ il^CZ[TqW�S]t�t�jp\eo·Y��eS[oaW{VXT.�

dqt�j�\eo�Y��eS��e^CZcVaj�\?}O\e^�ÏhzkS]�eoaS�iUVa\Qjp\qilW�S]VatfS�Y��eS�i��.Va\qilS�^a`�W�S]Vazpj��]j�\eo�oaW�S]VXYfSUWhil^CZ[TqW�S]t�t�jk^C\?Y��.Va\FÏhjkY��e^CdeY

dqt�j�\eo�Y��eSn�e^CZcVajp\*}A\e^ªÏ_zkS]�eoaSa�

Ò¨\cY��qj�t�tfS]ilY�jk^C\FÏ;S_TqW�S]tfS]\=Y
YvÏ;^�Y�uAT�S]t;^a`"�e^CZcVajp\?}A\q^�Ï_zkS]�qoaS$Y��qVXY;VXW�ShdqtfS]�?jp\[Y��eS��qjpt�il^ªsaSUW�u�TqW�^OilS]t�t

Va\q�·SlxOT.zpVaj�\M�q^�ÏLY��qSUuFÑ.j�Vat$�qjpt�il^ªsaSUW�uMYf^�ÏÀVXW��2ilSUW�Y�Vajp\·Y�uAT�S]t¾^a`�t�deÑ.t�YfW�dqilY�deW�S]t]�

? 5"I0/OH'6�-J5A<FH,/AI�=7/

�2^A�eS]z�}A\e^ªÏ_zkS]�eoaS�TqW�^�sOjp�eS]t$Y��eS��qjpt�il^�saSUW�u*tfuOtfYfS]Z Ï_jkY��*tfT�S]iUj6$�ihYvu=T�S]t_^a`9t�YfW�dqilY�deW�S]t_Y��qVXY_VXW�S¿zpjk}aS]zkuFYf^

SlxejptfY�jp\2VM�qVXY�VXÑ.Vat�S�Va\.�2Y��.VXY�VXW�S�^a`�T7VXW�Y�jpiUdqzpVXW�jp\=YfSUW�S]tfY�Yf^MVQt�iUjpS]\�Y�jpt�Y�dqt�jp\eocY��eS[tfuOtfYfS]Z·��w$�qS�Z[^O�eS]z

}O\e^�Ï_zpS]�eoaS?jpt�^aW�oCVa\qj��US]� j�\¸V%�qjkSUW{VXW�i��=u2^a`ÀTqW{jpZcjkY�jksaS[Va\q� il^CZ�Ñ.j�\qVXY�jk^C\qt�^a`¾T.W�jpZcjkY�jpsaS�Ï'S]zpz´Ô¹W�S]il^aoC\.j��US]�

tfYfW�d.ilY�deW�S]tU��w$�.jpt¾�qjkSUW�VXW{i��=uMjpt¾t�deTqT.zpjpS]�?ÑAuMV?�e^CZcVajp\QSlxOT�SUW�YU�



y�zkY��e^CdeoC�»Y��qScZcjp\qjpZ¿dqZ �eS]t�ilW�jpTqY�jk^C\»zkS]\eoaY��»TqW{jp\qiUjkT.zpS�tfY�jpz�z0�eW{jksaS]t�Y��eSc�qjpt�il^�saSUW�uETqW�^OilS]t�tU~J�q^CZcVajp\

}O\e^�Ï_zpS]�eoaS_jpt;dqtfS]�[Yf^¿jp\eT.deY�V�Ñ.jpVat�Yf^ªÏ'VXW{�FilSUW�Y�Vaj�\cY�uAT�S]t
^a`"t�dqÑ.tfYfW�dqilY�dqW�S]tU��
 jpW�tfYU~�Y��qS_Z[^O�qj6$.S]��saSUW�t�jk^C\

^a` '*)�+2-�)/. iUVa\�Ñ�S%Ñ7jpVatfS]� Yf^½zp^=^a} t�T�S]iUj�$7iUVazpzku½`,^aWMtfYfW{dqilY�deW�S]tM^a`nY��eSEY�uAT�S¸tfT�S]iUj6$.S]� j�\ Y��eS»Z[^O�eS]z

�qjkSUW{VXW�i��=ua�0w$�qS��qjpt�il^ªsaSUW�u�TqW�^OilS]t�t"Ñ�SUoCjp\qt�Ï_jkY���Z?VXY�i��qjp\qo_V¾t�jp\eoCzpS saSUW�YfSlx�jp\�Y��eS�jp\eT7deY7oaW{VXT.��Yf^$TqW{jpZcjkY�jksaS

\e^O�eS]t�^a`'Y��eS[Z[^A�qS]z9}A\e^ªÏ_zkS]�eoaS[�qjpSUW�VXW�i��=ua��Òv`;Y��eS[TqW�j�ZcjkY�jksaS¿\e^A�qS]t��e^·\e^aYnZcVXY�i�� Y��eS[jp\eT.dqYhsaSUW�Y�j�ilS]tU~

Y��eS��qjkoC�qSUW'zkSUsaS]z�\e^O�eS]t'^a`JY��qS��qjpSUW�VXW�i��=u?VXW�S�T.dqW�t�deS]�"�9w$�eS�Z[^O�eS]zptÀjp\FY��eS��qjkSUW�VXW�i{��uFT�^Cjp\�YfS]�FYf^�Ñ=uFY��eS

ZcVXY�i{�eS]�*Z[^O�eS]z"\e^O�eS]t¾jp\MY��eSnjp\qT.deY'oaW�VXT.�·VXW�SntfS]zpS]ilYfS]�*Vat$iUVa\q�qj��qVXYfS�Z[^A�qS]zptÀYf^[Ñ�S�Z?VXY�i��eS]�·ÏhjkY��QY��eS

jp\eT7deY�t�deÑ.tfYfW{dqilY�deW�Sa�[m
Vai{� jkYfSUW{VXY�jk^C\¸Y��eW�^CdqoC�¸Y��eScTqW�^AilS]t�t]~ '*),+*-,)/.¸t�S]zkS]ilY�t�V*t�deÑ.tfYfW�d.ilY�deW�S�`²W�^CZ Y��eS

jp\eT7deY¾oaW�VXT.�%Ï_�qjpi{�*�qVat$Y��qS�Ñ�S]tfY_ZcVXY�i{�EYf^?^C\eS�^a`�Y��eS�tfS]zpS]ilYfS]�2Z[^O�eS]zpt_Va\q�%iUVa\2Ñ�S�dqtfS]�%Yf^Fil^CZ[TqW�S]t�t

Y��eS�j�\eT.deY'oaW�VXT.�"�

w$�qS_ZcVXY�i��QiUVa\FS]jkY��eSUW;Ñ�ShV�t�deÑ.oaW�VXT.�cZcVXY�i{�?^aWÀVnÏh�e^CzkS$oaW�VXT7�?ZcVXY�i{�"��Òv`"Y��qS_ZcVXY�i��Qjpt;V�t�dqÑqoaW�VXT.�

ZcVXY�i{�"~ '*),+*-,),. SlxAT7Va\q�qtcY��qS2jp\qt�Y�Va\qilS]t?^a`�Y��qS%Ñ�S]tfYFt�deÑ.tfYfW�d.ilY�deW�S·ÑAu ^C\eS2\eS]jpoC��Ñ�^aW�jp\qo¸S]�eoaS2jp\ Vazpz

T�^Ct�t�jkÑ7zkS%ÏÀV]uOtU� w$�eS¸\eSUÏ_zpu oaS]\eSUW�VXYfS]�Lt�deÑ.tfYfW{dqilY�deW�SEÑ�S]il^CZ[S]t*V iUVa\q�qj��qVXYfS»`²^aW*Y��qS»\qSlxAY*jkYfSUW{VXY�jk^C\"�

�h^�Ï'SUsaSUW]~qjk`"Y��eS�ZcVXY�i��·jpt;V�Ïh�e^CzkS_oaW{VXT.�FZ?VXY�i��"~OY��eS�TqW�^OilS]t�t'�qVat
`,^Cdq\q�?Y��eS��eS]t�jkW�S]�Ft�deÑ.t�YfW�dqilY�deW�Sa~AVa\q�

Y��eS?i{�e^CtfS]\Èt�deÑ.t�YfW�dqilY�deW�S[jpt�dqtfS]�¸Yf^Eil^CZ[TqW�S]t�t�Y��eScS]\=Y�jkW�S?j�\eT.deY�oaW�VXT.���Fw$�eS?TqW�^OilS]t�t�il^C\=Y�jp\AdeS]t�dq\=Y�jpz

S]jkY��eSUWhVct�deÑ.t�YfW�dqilY�deW�S��qVat¾Ñ�SUS]\·`,^Cdq\q�Q^aW�Vazpz�T�^Ct�t�jkÑ7zkS�t�deÑ.tfYfW�d.ilY�deW�S]tÀ�qV]saS�Ñ�SUS]\*il^C\qt�jp�qSUW�S]�"�

w0^ W�SUT.W�S]tfS]\=Y?Va\ j�\eT.deY�oaW�VXT.� dqt�jp\qoµVµ�qjpt�il^ªsaSUW�S]��t�deÑ.tfYfW{dqilY�deW�S·`,W�^CZ Y��qS%Z[^O�eS]z$�qjkSUW{VXW�i��=ua~¾Y��eS

W�SUTqW�S]tfS]\�Y�VXY�jp^C\Ej�\�sa^CzksaS]t�Va�.�qjkY�jk^C\qVazJ^�saSUW��qS]Va�¸Yf^QW�SUT.zpVailS¿Y��eS[t�deÑ.t�YfW�dqilY�deW�SaÐ�t�jp\qt�Y�Va\qilS]t�Ï_jkY��EVFT�^Cjp\=YfSUW

Yf^»Y��eS·Z[^O�eS]zÀ�qjkSUW�VXW�i{��ua� Ò¢\½tf^CZ[S·iUVatfS]t]~;V»Z[^O�eS]z;�qS $7\qjkY�jk^C\Èjp\qiUz�dq�eS]tnT7VXW�VaZ[SUYfSUW�t�Ï_�.jpi��ÈZ�d.tfY[Vazptf^

Ñ�S?W�SUT.W�S]tfS]\=YfS]�"�¸y_`,YfSUWcV2t�deÑ.tfYfW�d.ilY�deW�SFj�t��qj�t�il^�saSUW�S]��~�S]Vai�� jp\.tfY�Va\qilSM^a`$Y��eSQ�qjpt�il^ªsaSUW�S]� t�deÑ.t�YfW�dqilY�deW�S

jp\»Y��eScj�\eT.deY�oaW�VXT.�µj�t�W�SUT.zpVailS]�¸ÑAu»V·T�^Cjp\�YfSUW�Yf^2V·il^C\qilSUTqY�jp\»Y��qS?Z[^O�eS]z��qjkSUW�VXW{i��=u%W�SUTqW�S]tfS]\�Y�j�\eo·Y��eS

t�deÑ7tfYfW�dqilY�deW�Sa�
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yÀY�Y��eS¿�qS]VXW�Y_^a`�Y��qS '*),+*-,),.%tfuOtfYfS]Z zpjkS]t_Va\»jp\qSlxOVailYhoaW�VXT.�EZcVXY�i��»Vazkoa^aW�jpY��qZ Y��qVXY4$7\q�.t_jp\qt�Y�Va\qilS]t_^a`

Vct�dqÑ.tfYfW�dqilY�dqW�S��eS $7\qjkY�jp^C\"��gejp\qilSnZcVa\=uF^a`�t�dqÑ.tfYfW�dqilY�dqW�S�j�\qtfY�Va\qilS]t$iUVa\2t��e^ªÏLdeT%jp\·V?t�zpjkoC�=Y�zku?�qj ��SUW�S]\=Y

`,^aW�ZËY��eW�^CdqoC�e^CdeY"Y��eS��qVXY�VO~aVa\q��S]Vai{��^a`AY��eS]tfS;�qj ��SUW�S]\qilS]t�jpt"�qS]t�ilW�jkÑ�S]��jp\�YfSUW�ZctJ^a`=Ñ7Vat�jpi9YfW�Va\qt�`²^aW�Z?VXY�jk^C\qt

T�SUW�`,^aW�Z[S]�FÑ=uFY��eS�oaW�VXT.�QZcVXY�i{�"~eÏ;SniUVa\·d.tfS�oaW�VXT.�QZcVXY�i��*W�dqzkS]t'Yf^cVat�t�jpoC\FS]Vai{�·YfW�Va\qt�`²^aW�Z?VXY�jk^C\·V�il^CtfY

Ñ.VatfS]�c^C\[Y��eS_�e^CZ?Vajp\�^a`"dqt�VXoaSa��w$�qjpt9Yvu=T�S$^a`��e^CZcVaj�\OÔ�tfT�S]iUj6$7iÀjp\e`,^aW�ZcVXY�jp^C\¿j�t�W�SUTqW�S]t�S]\�YfS]�cd.t�jp\eo�jk`²Ô¹Y��eS]\

W�dqzpS]t¾t�dqi��%Vat$Y��eS�`,^Czpzk^ªÏ_jp\eo �

Ò 
 � �q^CZcVajp\ � 3'Ò # b ��m �2Òfb¾y � �'Va\q� � ��� SUW�YfSlx � � � # Va\.� � SUW�YfSlx � � # �
�;^aW

��� SUW�YfSlx � � # � Va\.� � SUW�YfSlx � � � # � �

w���m � � oaW�VXT.�*Z?VXY�i��Eil^CtfY ��� �

w$�qS�oaW�VXT7�2ZcVXY�i{�»W�dqzkS]t�Vazpzk^ªÏ VQtfT�S]iUj6$�iUVXY�jk^C\%^a`
Y��eS¿VaZc^Cdq\�Y�^a`;VaiUilSUT.Y�VXÑ.zkS�oaS]\eSUW�VazpjpY�u*Ñ�SUY�Ï'SUS]\¸V

t�deÑ7tfYfW�dqilY�deW�SF�eS $7\.jkY�jk^C\ Va\.�ÓjkY�t�jp\.tfY�Va\qilS]tU~�^aW�Ñ�SUY�Ï'SUS]\ V»Z[^A�qS]z;�eS $�\qjkY�jk^C\ÓVa\q�ÓjpY�t¿j�\qtfY�Va\qilS]t�jp\ÓY��eS

jp\eT7deY�oaW�VXT.�"� ��jksaS]\%(*�X~ ( �A~�Va\q� V2tfSUY�^a`¾�qjpt�Yf^aW�Y�jk^C\µil^CtfY�t]~ Y��qS?VailY�dqVaz'iUVazpiUdqzpVXY�jk^C\µ^a`$t�jpZcjpz�VXW�jkY�uEiUVa\

Ñ�SnT�SUW�`,^aW�Z[S]�%d.t�jp\eo[Y��eS�tfS]VXW�i{�%T.W�^AilS]�.deW�S��eS]t�ilW�jkÑ�S]�·S]VXW�zpjpSUW]�$yht�zk^C\eoFVathY��qS�t�jpZ?jpzpVXW�jkYvuFjpt_Ï_jkY��qj�\·Y��eS

dqtfSUW�Ô��eS $7\eS]�QY��eW�S]t��e^Czp�"~OY��eS�YvÏ;^FoaW�VXT.�qt (*�nVa\q�.( �[VXW�S�il^C\qt�jp�eSUW�S]�QYf^cÑ�Snjpt�^CZ[^aW�T.�qj�iX�

&¸S$�qV�saS$YfS]tfYfS]�[Y��qS'T�SUW�`,^aW�ZcVa\.ilS;^a`�'*),+*-,)/.�Ï_jkY���Z[^O�eS]zA}O\e^�Ï_zpS]�eoaSa~aÏ_jkY��¿oaW�VXT.��ZcVXY�i{�[W�dqzpS]tU~CVa\q�

Ï_jkY��E\e^MÑ.Vai�}AoaW�^Cdq\.�2}O\e^ªÏ_zkS]�eoaSa� H SUW�`,^aW�ZcVa\qilS[jpt�Z[S]Vat�dqW�S]�»jp\%YfSUW{Zct�^a`�Y��eS[VaZ[^Cdq\=Yh^a`'il^CZ[TqW�S]t�t�jk^C\

V	��^aW��eS]�¿Ñ=u�Y��eS'�.jkoC�eS]tfY¨Ô¹sXVazpdeS]���qjpt�il^ªsaSUW�S]�[t�deÑ.t�YfW�dqilY�deW�S;Va\q��ÑAu�VaZ[^Cd.\�Y ^a`.t�deÑ7tfYfW�dqilY�deW�S
`�dq\qilY�jk^C\qVaz�jkY�ua�


qdq\.ilY�jk^C\qVazpjkYvu¸Z[S]Vat�deW�S]t�Ï'SUW�S?TqW�^�sOjp�eS]�µÑAuµV*YfS]VaZ ^a`¾S]jkoC�=Y�t�iUjkS]\�Y�j�tfY�tn`�VaZcjpzpj�VXWnÏ_jkY�� Y��eSFVXTqT7zpjpiUVXY�jk^C\

�e^CZcVaj�\���`�dq\qilY�jk^C\qVaz�jkY�u�jpt�Z[S]Vat�deW�S]�[^C\FVnt�iUVazkS$^a` �_Yf^ �A� &��qS]\cÑ�^aY��[Y�uAT�S]t�^a`�Ñ.Vai�}=oaW�^Cd.\q�c}O\e^�ÏhzkS]�eoaS

VXW�S*dqt�S]�"~�Y��eS*�qjpoC�eS]tfY¿`,dq\.ilY�jk^C\qVazpjkYvuµW�VXY�jp\qoCt[Va\q� il^CZ[TqW�S]t�t�jk^C\½W�S]t�d.zkYU� w$�eS·VaZ[^Cd.\�Y[^a`�il^CZ[TqW�S]t�t�jk^C\

W�S]t�d.zkY�jp\eoh`²W�^CZ�Y��qSÀd.tfS;^a`7oaW�VXT.�[ZcVXY�i{�[W�dqzpS]t0Vazk^C\qSÀj�t zp^�Ï'SUW�Y��qVa\[dqt�jp\qoh\e^�Ñ.Vai�}=oaW�^Cd.\q��}A\q^�Ï_zkS]�qoaSa~�Va\q�



Ñ�^aY��·^a`�Y��eS]tfS�iUVatfS]t�W�S]t�dqzkY$j�\·zk^�Ï'SUW��AdqZcVa\*W�VXY�jp\eoCt_Y��qVa\*Ï_�qS]\·Ñ�^aY��·Y�uAT�S]t_^a`9Ñ.Vai�}=oaW�^Cd.\q�*}O\e^�ÏhzkS]�eoaS

VXW�S[dqtfS]����y Z[^aW�S��qSUY�VajpzkS]�»�eS]t�ilW�jpTqY�jk^C\*^a`;Y��eS]tfS[SlxOT�SUW�jpZ[S]\=Y�t�iUVa\»Ñ�S¿`,^Cdq\q�»jp\2Y��eS[zpjkYfSUW�VXY�deW�S � R �f^a}a^

� � �! �"p~����	�	
 �v�
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y oa^CVaz�^a`F}A\e^ªÏ_zkS]�eoaS½�qjpt�il^�saSUW�u jp\ �.VXY�VXÑ.VatfS ��� R�R �EtfuAt�YfS]Zct»jptEYf^ �.jpt�il^�saSUW»}O\e^�ÏhzkS]�eoaS jp\ zpVXW�oaS

�qVXY�VXÑ.Vat�S]t·Y��qVXY%iUVa\q\q^aY·Ñ�S»S ��S]ilY�jksaS]zku�TqW�^OilS]t�tfS]� ÑAu��AdqZcVa\.tU� 
e^aW2Y��qjptMW�S]Vatf^C\ � R�R t�uAtfYfS]Z?t*VXW�S

W�S]ÎAdqjkW�S]�EYf^%�.Va\q�qzkS�saSUW�u¸zpVXW�oaSc�.VXY�VXÑ.VatfS]tU�?r�\e`,^aW�Y�dq\qVXYfS]zpua~0Z[^CtfY � R�R t�uAtfYfS]Z?tnVXW�S?il^CZ[T7deY�VXY�jk^C\qVazpzpu

SlxOT�S]\.t�jksaSa~�Va\q�Èjp\ÈZ[^CtfY[iUVatfS]t�Y��eSQW�S]tf^CdqW�ilSFW�S]Î=dqjpW�S]Z[S]\=Y�t�^a`hV � R�R tfuOtfYfS]Z oaW�^�Ï Vat�Y��qSM�qVXY�VXÑ7VatfS

Ñ�S]il^CZ[S]t�zpVXW�oaSUW�� 
e^aW�Y��eS]tfS[W�S]Vatf^C\qtU~"W�S]t�S]VXW�i��eSUW{tUÐ"VXYfYfS]\�Y�jk^C\.tnVXW�S[t��qjk`,Y�jp\eoF`²W�^CZ �qSUsaS]zk^aT.jp\eoQ\eSUÏ � R�R

tfuOtfYfS]Zct¾Yf^FjpZ[TqW�^ªsAj�\eo�Y��eS�t�iUVazpVXÑ7jpzpjkYvuc^a`9SlxOjpt�Y�jp\eo � R�R tfuOtfYfS]ZctU�

yÈoa^CVaz=^a`A^CdqWJW�S]tfS]VXW{i��¿jpt"Yf^h�qS]Z[^C\qtfYfW�VXYfS
Y��qVXY � R�R t�uAtfYfS]Z?tJjp\�oaS]\qSUW�VazÊ~XVa\q�0'*),+*-,),.njp\�T.VXW�Y�j�iUdqzpVXW]~

iUVa\ÈÑ�SMZcVa�qSMt�iUVaz�VXÑ.zkS?ÑAu ZcVX}Ojp\eo2S��FiUjkS]\=Y[dqtfSM^a`$T.VXW�VazpzpS]z
Va\q�È�qjptfYfW{jkÑ.deYfS]�µ�.VXW��eÏÀVXW�Sa� # \eS?ÏÀV]uÓYf^

jpZ[T.W�^�saShY��eSht�iUVaz�VXÑ.jpzpjkYvu�^a`�V�tfuOtfYfS]Z&j�t�Yf^�Z?VX}aS�dqt�S$^a`�tfuOtfYfS]Z W�S]tf^CdeW�ilS]t;Yf^¿Vaz�zk^�Ï�zpVXW�oaSUW;j�\eT.deY�t�Va\.���ª^aW

W�S]�qd.ilS$W�dq\�Y�jpZcSa��b¾zkS]VXW�zku¿jp\qilW�S]Vat�j�\eo�Y��eS$W�S]t�^CdeW�ilS]t�^a`"Vnt�jp\eoCzkS$ZcVai{�qjp\eS¾ÏhjpzpzO\e^aY�Ñ�S]\eS $.Y�d.t
jp\�Y��eShzpjpZcjkY

Vat'Y��eS�jp\eT.deY�j�t;dqt�dqVazpzku�zpVXW�oaS�S]\e^CdeoC�MYf^¿SlxO�qVad.tfY;Y��qShW�S]t�^CdeW�ilS]t;^a`JV�t�jp\eoCzkS_Z?Vai��qjp\qSa��w$�=d.tU~�Ï'S��.V]saS�Yf^

ZcVX}aS[dqtfS¿^a`�T.VXW{VazpzkS]zJVazpoa^aW�jkY��qZct]� H ^aW�Y�jp\eoQVMil^CZ[T.zpjpiUVXYfS]�»tfuOtfYfS]Z Yf^·V?T7VXW�VazpzkS]zJS]\�sOjkW�^C\qZcS]\�Y�jp\=sa^CzksaS]t

il^C\qt�j��eSUW�VXY�jk^C\Q^a`9Y��eSnVXW�i{�qjkYfS]ilY�deW�S�Vat$Ï'S]zpz"Vat$Y��qS�\qVXY�deW�S�^a` Y��eSnT.W�^aÑ.zkS]Z jkY�t�S]zk`v�

y sXVXW�jkSUYvu ^a`_VXT.TqW�^CVai��qS]t[iUVa\ÓÑ�SMY�VX}aS]\½Yf^¸�qjksOjp�qjp\eo·Y��qSMil^CZ[T7deY�VXY�jk^C\qVaz'S ��^aW�Y[VaZ[^C\eo¸jp\q�qjpsAjp�.dqVaz

TqW�^OilS]t�tf^aW{tU� �h^�Ï'SUsaSUW]~_jp\ ZcVa\=u½^a`�Y��eS]tfS%VXTqT.W�^CVai��eS]t?Y��eS*S]\=Y�jkW�S*�qVXY�VXÑ7VatfS2Z¿dqtfY[Ñ�S*tfYf^aW�S]� ^C\ S]Vai{�

il^C\=YfW�jkÑ.deY�j�\eoFZcVai{�qjp\eSa� 3'S]iUVadqtfS�Ï'S�Ï'Va\=Y '*),+*-,)/.%Yf^MT.W�^�sOjp�eS�t�iUVazpVXÑ.j�zpjkY�u·jp\EtfYf^aW�VXoaScVat�Ï'S]zpz9Vat�il^CZ�Ô

T.deY�VXY�jp^C\"~=Ï'S�jp\�YfW�^A�qd.ilShV��qVXY�V�T.VXW�Y�jkY�jk^C\.jp\eo�VXTqT.W�^CVai��MYf^ '*),+*-,)/.�~=iUVazpzkS]�·gAY�VXY�jpi«Ô�H9VXW�Y�jpY�jk^C\qjp\eocgOdeÑ"�qdqS

� '��	� '1),+2-�)/. �{�

r�t�jp\eo '��	� '1),+2-�)/.2Ï;S�T.VXW�Y�jpY�jk^C\EY��eS[jp\eT.deYhoaW�VXT.�»jp\=Yf^ �½T.VXW�Y�jkY�jk^C\qth`²^aW �½TqW�^OilS]t�tf^aW{tU�nm
Vai{�»TqW�^XÔ



ilS]t�tf^aW;SlxAS]iUdqY�t
Y��eShtfS]Î=dqS]\�Y�jpVaz/'*),+*-,)/.[Vazpoa^aW�jkY��qZ ^C\FjkY�t�zk^OiUVazeoaW�VXT7�cT.VXW�Y�jpY�jk^C\[Va\q�cÑ.W�^CVa�qiUVatfY�t;jkY�t�Ñ�S]tfY

t�deÑ7tfYfW�dqilY�deW�S]t¾Yf^?Y��eS�^aY��eSUW�TqW�^OilS]t�tf^aW�tU�Àm
Vai{�%T.W�^AilS]t�tf^aW_Y��eS]\2SUsXVazpdqVXYfS]thY��eS�il^CZcZ¿dq\qjpiUVXYfS]�Et�deÑ7tfYfW�dqi«Ô

Y�deW�S]tÀ^C\%jkY�tÀ^�Ï_\%zk^AiUVaz�T7VXW�Y�jkY�jk^C\"� # \.ilSnVazpz�SUs@Vazpd.VXY�jk^C\qt¾VXW�Snil^CZ[T7zkSUYfSa~.V[ZcVatfYfSUW_TqW�^OilS]t�tf^aW¾oCVXY��eSUW�t_Y��eS

W�S]t�d.zkY�t¾Va\q�*�eSUYfSUW{Zcjp\eS]tÀY��eS�oCzk^aÑ.Vaz"Ñ�S]tfY¾�qjpt�il^�saSUW�jkS]t]�

w$�qS$oaW�VXT.�?T.VXW�Y�jkY�jk^C\.jp\eo�tfYfSUTFj�t�Y��eShZc^CtfY
jpZ[T�^aW�Y�Va\=Y
tfYfSUTF^a`�Y��eShVazkoa^aW{jkY��qZ·�9w$�eS_t�T�SUS]�.deTcVai��qjpSUsaS]�

Vat�Ï;S]z�z0Vat�Y��eS�ÎAdqVazpjkYvu·^a`
�qjpt�il^ªsaSUW�S]�¸t�deÑ7tfYfW�dqilY�deW�S]t_�eSUT�S]\q�qt_^C\EY��qjpt�tfYfSUT���Ò¢\2T.VXW�Y�jpY�jk^C\qjp\eo?Y��eS�oaW{VXT.�

Ï'S�Ï'Va\=Y$Yf^cÑ.Vaz�Va\qilS�Y��eS�Ï;^aW�}Mzk^CVa�*S]Î=dqVaz�zkucÑ�SUY�Ï'SUS]\*TqW�^AilS]t�t�^aW�tÀÏ_�qjpzpShW�SUY�Vaj�\qjp\eo[Vat$Z¿dqi��%jp\e`,^aW�ZcVXY�jk^C\

Vat;T�^Ct�t�jkÑ.zkS � S]�eoaS]tÀVazk^C\eo�Ï_�qjpi{�[Y��eS_oaW{VXT.�?jpt�T.VXW�Y�jkY�jk^C\qS]�cZcV]u[W�SUTqW�S]tfS]\=Y
jpZ[T�^aW�Y�Va\=Y
jp\q`²^aW�Z?VXY�jk^C\ �{��'�� �

'*),+*-,),.?deY�jpz�j��US]t�Y��eS��%��� � ��oaW�VXT7�?T.VXW�Y�jkY�jk^C\qjp\qonT.Vai�}XVXoaS � � VXW�uAT.jpt;Va\q� � dqZcVXW]~����	� � �v� �2SUY�jptÀVaiUilSUTqY�t¾V

oaW�VXT.��Ï_jkY��nÏ;S]jkoC�=Y�t9Vat�t�jkoC\qS]�nYf^�S]�eoaS]t0Va\.��saSUW�Y�j�ilS]tU~aVa\q��YfW{jkS]t�Yf^�T.VXW�Y�jkY�jp^C\nY��eS;oaW�VXT.�¿tf^_Y��qVXY0Y��eSÀt�dqZP^a`

Y��eS$Ï'S]jkoC�=Y�t�^a`�Y��eS_iUdqY�S]�eoaS]t'jpt�Zcjp\.jpZcj��US]��Va\q�[Y��qS_t�dqZ ^a`�saSUW�YfSlxcÏ'S]jkoC�=Y�t
jp\cS]Vai��FT.VXW�Y�jkY�jk^C\[j�t�W�^CdeoC�qzpu

S]ÎAdqVazÊ� &¸S�Vat�t�jkoC\MÏ'S]jkoC�=Y�tÀ^C\qzku[Yf^�S]�eoaS]tÀYf^�S]\qt�deW�ShY��qVXYÀS]Vai{�QT.VXW�Y�jkY�jk^C\FÏ_jpz�z.il^C\=Y�Vajp\QW�^CdeoC�qzpu[Y��eS�t�VaZ[S

\AdqZ�Ñ�SUWn^a`ÀsaSUW�Y�j�ilS]tU�Mm;�eoaS?Ï'S]jkoC�=Y�t�VXW�SFVat�t�jkoC\eS]�Ótf^*Y��qVXY�Y��eS?�qjpoC�eSUWnY��eSc`,W�S]ÎAdeS]\qiluE^a`¾^AiUiUdqW�W�S]\qilSc^a`

Va\µS]�qoaSaÐ�t¿z�VXÑ�S]z¹~�Y��eSF�.jkoC�eSUWnY��eSFÏ;S]jpoC��Y�Vat�t�jkoC\eS]� Yf^2jkYU�·w$�eSFjp�eS]V·Ñ�S]�qjp\.�2Y��.jptnÏ'S]jkoC�=Y�Vat�t�jpoC\qZ[S]\=Y�jpt

Y��qVXY�Y��eS[`,W�S]ÎAdeS]\=Y�zku%^OiUiUdeW�W�j�\eoQS]�eoaSczpVXÑ�S]zpt�VXW�ScZ[^aW�Scz�jk}aS]zku%Yf^·W�SUTqW�S]tfS]\=YndqtfSU`�dqz }A\q^�Ï_zkS]�qoaSa��w_�eS�W�dq\

Y�jpZ[S�^a` �2SUY�jpt'Yf^�T.VXW�Y�jkY�jk^C\?^CdeWÀYfS]tfY¾�qVXY�VXÑ.VatfS]tÀjpt'saSUW�uFt�ZcVazpz � YfS]\·tfS]il^C\q�qt'^C\QV]saSUW�VXoaS �¾Va\q�Fj�t
Y��AdqtÀ\e^aY

jp\qiUz�dq�eS]�Qjp\QY��eS�T.VXW{VazpzkS]z�W�dq\QY�j�Z[Sa�


9jkoCdeW�S]t �A~ �A~"Va\q� �	�MoaW�VXT.�2Y��eS�W{dq\%Y�j�Z[S�^a`�'�� � '*),+*-,),.%Vat�Y��eS�\=d.Z�Ñ�SUW�^a`�TqW�^OilS]t�tf^aW�t�jp\qilW�S]VatfS]t
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