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 �Mx c�{bxÈef_��bghc q<_���c�{bxÈmCghc �bg\c�et_Ac�x-lpi×qCz-x	a�mCiyq�_hm,�bx��?+�w�{bx	_Hc�{hx
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 ��+



�

������� � �  $#)# ��� �! ���" �
6°x-a�e��hx.m9��x	l�q<c�mCl�a�mY_�_bm,�hx	a	u $�xrq�fa�mH_bx-x"� apmYo.x$m9��x	l�q<c�mCl�a�mY_ qCl�z-a9*nmYl��bl�x4�bx4�b_bx"�
_bm��bx	a-,6uJ$ {befz#{�$�x z	q��� � !�� � �&��B ! A C���� x z	mC_ba�e��bx	l�c�{hx inm���tm�$ ef_��"z	mC_b_bx	z6c�mYlpa � � # ����B �DB < -
� # ����B � �7��@B �"!��.- A�@�� � �7��@B �"!��ÁqC_���B A/@��-C � !�C��DB �"!�� �/w�{hx	etl>~�eta�gbq�\lpx"�blpx	apx	_Ac#q<c�etmY_�eta��Cef~Yx-_
et_��/e��Ygblpx��,+! -+

A

A A A

A

identity identification ramification transposition

A

A

A A B

B A

�/e��Ygbl�xÈ�,+1 � w�{bx�z-mY_b_bx-z-c�mYl�a4+
� �)&  ���D� 5 5 w�{bx.e��bx-_Ac�efc`� z	mY_b_hx	z-c�mYl�� � apeto3���f��z	m9�befx	a�efc�a�et_��bg\cãc�m c�{bxÁmYghc �hghc5+.^§c{�qCa�c`����x �� �&+
� �)&  ���SL��9	-�����  5 w�{bxL� # ����B � �7��@B �"!���z	mY_h_bx	z6c�mYl����� �pmCet_ba
	 ef_��bghc�a�c�m�Yx-c�{bx	l4+�^§c�a
c`���MxPefa ��� � ��u $ {bx	lpx���� � � ���� � � apc�qC_��ba inmYlÛc�{hx
	��§inm��� q:c�c#q<z#{bo.x-_AcÈmCi �&+
��mYl�	 � �H$°x8�bx4��_hx ��� � 
.u�e + x+�c�{hxÛ_bx-ghc�l�q�Rq<l�l�m�$�+�^`_ �ye��Ygblpx"��+1 �c�{bx��het_�qCld�$z�qCapx
eta �hx"�befz-c�x4� +
��	 ; ��L��9	-����� �5 w�{bx A/@�� � �7��@B �"!���z	mC_b_bx	z6c�mYl�� �� z	m�betx-a�c�{bxÈef_��bghc ef_hinmYl�o.q<c�etmY_.mY_	�mYghc �hghc�a4+ E�x	_bz-x�� �� {�q<a c`����x � � ����+ �/e��Cgbl�xã�,+! Pa�{bm�$ a c�{bx��bef_�qCld��z�q<a�x+
3 �
	  ��,J� � �D���7�  5 �/ef_�q���Ì�Pc�{bx&B A/@��-C � !�C��DB �"!���z	mC_b_bx	z6c�mYl ��� � x �\z#{�qC_-�Yx	a�c�{hxÈet_��bg\c�a"+
^§c�a�c`����x�efa � � 
 � 
 �)�H+

wym ��xHq �bl�x-z	efa�x�inmYlporq�fe �	q<c�efmY_ m<i mCgblPet_Ac�ghefc�eÌ~Yx.gb_��bx-l�apc�qC_��bef_�� mCi �Yl�q��b{ba	uJc�{hx
q��mN~YxPq�hapc�l�qCz-cÛm9��x	l�q:c�mYlpa"qC_���z	mY_b_hx	z-c�mYl�aÛ{�q�~Yx}c�m.a�q<c�etadi ��q.a�x-cÛmCiF�Æq5$ a-u $ {befz#{ et_\�
c�ghefc�eÌ~Yx4�f��x �,�bl�x-a�a�mYgbl"~�etapg�q�[gb_-�bx	lpapc#q<_��bet_-��mCi �Yl�q�b{ba4+Pw�{bx	apx��tq5$ aÈz	mYlpl�x	a/�MmC_���c�m
C�B A��$��B -�C�<[���9��B A/�$�2- �9!�� !�� #J@��:��@B �$ ! A/�"� C ) �DBD> � � � #0/ @ �21 qC_��/����9!�� !�� #�! /�� �&��B C6uJa�x-x
x+ ��+P� L�c�x�� D<� + � �KL-6��Y���Ûap{bm�$ a�c�{�q:crc�{hx @;#;#��DB � 
 �.qC_�� c�{bx�� � � B �,� � �$��@B � 
 ��� ��B���AX� A-��%
B @B �"!��-C}mCiÛc�{bxHm9�Mx-l�q<c�mYl�aÁqC_-� z	mC_b_bx	z6c�mYlparq<l�xI��qCldc�etz-g��Æq<l��f� l�x4�tx6~Cq<_�c$inmYl$z-mYo��hghc�x-l
a�z-etx-_bz	x�+

��������� �#���� � � �"! �
� a qC_�x �hqCo3���txÈinmYl�q${betx-l�qClpz#{betz��Yl�q�b{ q<_���eÌc�a z	mCl�l�x-a���mY_��bef_��.c�x ��c�gbq�,l�x	a/�bl�x-a�x-_�c�q:�
c�efmY_ $�x.z-mY_ba�e��bx	lÈc�{bx �Yl�q�h{�ef_ �/e��Yghl�x$�,+EDbu �tx6i c5+P|�a�ef_���c�{bxÁq��mN~Yx3��qCa�efzPm9��x	l�q:c�mYlpa
qC_���z	mC_b_bx	z6c�mYlpa.eÌc �bx4�b_bx	a.q$# ��A/� 
 � # z	mYo3��mYa�eÌc�etmC_ m9��x	l�q:c�mYl-uÃc�{bx C�<[���9��B A/�$�V� � � #�%
/ @ �21 +�^§i � ± � � ± ��� � 
 ± ��
�qC_�� ��� � 
 ��� � � � ��
 �ãc�{bx	_ � ±$# � ���ã{�qCa"c`����x� ± � � ��� 
 ± � 
	�5+/^§c�a[a�efo��-�te��bx"��~\efa�g�q��\lpx"�blpx	a�x-_Ac#q<c�etmY_}efa��YeÌ~Yx-_}et_I�/e��Yghl�x°�,+!DhuCl�e��Y{Ac5+
w�{bx�c�x ��c�gbq�/lpx	a��hl�x	apx	_Ac#q:c�etmC_�z-mYl�lpx	a/�MmY_-�ba"mY_bx�c�m�mY_hx�c�m.c�{bx�~�efa�g�q�>l�x4�bl�x-a�x-_�c�q<c�efmY_
et_��/e��Ygblpx��,+EDbu��tx6i c �

� ±$# � ��� � * * *$� �&% � �('*) �,+ � , � * � ± ����� , � *$� ��% � �-+ �() �.' , � */� �0%1+ � ' � �&) � , , � �+ , � �+
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�/e��Ygbl�xÈ�,+!D � w�{bx�ad��o.oÁx-c�l�etz inx	x"�-��qCz#s +

� >�� ��� M A � � � �����+M � � � M K
w�{bx.@;#;#��DB � 
 � �9!�# �	��efaÈq�o.m��bx4�/inmYl&> �"��A/@A>� > �$� � !���B A !�� %'&(!�) A/@	��>JC�+}w�{bx$ef_�c�gbefc�etmY_
��x	{bef_�� c�{hx	a�x1�Yl�q�h{ba}eta�qCa�inm���tm�$ a4+ � c}qC_A� oÁmYoÁx	_Ac}mCi°c�etoÁxCu>c�{bxrz	mY_Ac�lpm9�Ãl�x	ape��bx-a
et_ ���7@ ��B\� < !�� � _bm,�hx+ w�{bxH_bm��bxHl�x	z-x	eÌ~Yx	aÁc�{bxHz-mY_Ac�l�m��mY_ mY_bxHmCi"eÌc�a1����B A < � !�� ��BDC
qC_��2�YeÌ~Yx-a}c�{bx�z-mY_Ac�l�m� ��qCz#s mY_ mY_bx�mCi�efc�a ���<�DBF� !�� ��BDC�+ ��_Ac�ld� qC_�� x �\eÌc*�MmCet_Ac$qClpx
#���C � !�� ��B×u�e + x+Ãz	mY_Ac�l�m9��z�qC_ mY_��f� ��x�lpx	z	x-ef~Cx"�3mYl��Yef~Cx	_ �A�R!�� �$mCi"c�{bx	o + w�{bx�qCl�z-a
mCi[c�{bx&�Cl�q�b{�inmYl/$°qCl���c�{bx�z	mY_Ac�lpm9�,c�mrc�{bx�mCc�{bx	l _bm��bx	a mCi[c�{hx!�Yl�q��b{ + w�{bx}ef_�c�x	_��hx"�
�befa �pmYef_�c�_bx	apaym<i�_bm��bx	a-uCx	_Ac�lp� .<x �\eÌc ��mYet_Ac�a>qC_-�&�bl�qC_bz#{bx-a[mCihc�{bx°z-mY_b_bx-z-c�mYl�ayeta,m9�hc�qCet_bx4�
�A��ef_Ac�x	l/�bl�x6c�ef_��.~�etapg�q�yq<c�c�qCz#{boÁx	_Ac @;#;#��DB � 
 �	� <HqCa?#���C � !�� ��BFC��5�
*×apx	x!��x"�fm�$ , qC_��;���
�bx���_bet_-��c�{hx mCc�{bx	lÃm9��x	l�q<c�mYlpaÃqC_��rz-mY_b_bx-z-c�mYl�a�z	mY_bapetadc�x	_Ac��f�*$ efc�{.c�{betaJet_Ac�x	l��hl�x-c�q<c�efmY_ +

��� ����� � ���� ���"
w�{bx � !���B A-!��ãz	qC_ ��x+gb_��bx-l�apc�m\m�� qCa�q �bqCetl * 		��
�,.z-mY_bapetapc�et_�� mCi�c�{bx � !���B A-!�� % C�B @B �
� ! A � A-!MA/@�� � !�� ��B ��A� 	����)qC_�� c�{hx #J@B @�% C�B @B ��
���� + � aPq z	mC_ba�x4��ghx	_bz-xCu $�x
z	mC_ba�e��bx	l��Yef~Cx	_3q�a�x-c��Ûu�c�{bx�#J@B @�% C�B @B �IC �-@ � ��+9�Ãq<z#{ �bl�efo.eÌc�ef~Cx qCl�lpm
$ et_ q ��m�$��
�Yl�q�b{ eta?� ��B ��A � A-��B � #Áq<a�c�{betaÈapx-c"+.w�{bx � !���B A-!�� % C�B @B �*C �-@ � ��� efaÈ_bmCc�qC_ qCl�lpm
$�u �bg\c
efc"q����x�qClpa"et_�c�{bx!�hx4��_beÌc�efmY_ mCiJ~�etapg�q�yq<c�c�qCz#{boÁx	_Ac5+ � x�c#qCs<x}c�{bx��	��� B <1C@��B qCa"c�{hx
et_Ac�x	l��hl�x-c�q<c�efmY_�mCi�c�{hx � ����B A/@�� @A A-!�) 
�+ �Èef~Yx-_ c�{bx1��q:c#q:�§apc#q:c�x$a���q<z	x�� $°x��bx4�b_bx
c�{hxV� A-!MA/@�� % C�B @B���C �-@ � ������� qCa�inm���tm�$ a �

����� ����� � ��� � �!� �"��� � ª *�		��
�,!# 	%$ ���&
'�(� ® � eÌi �*) �
0 m�$ c�{bx #���C � !�� ��B C�� � mCi-�bl�m9�Cl�qCoP�`adc#q<c�x[a���q<z	x	ayeta0�bx���_bx4�!�A�Èc�{bx�inm9���tm�$ et_��°x"��g�q<c�etmY_ �
+ ���-, ����� � * + , � ,���� + ��l�mYo)c�{bxK�tx-i c qC_-��l�e��Y{Ac a�gboÁo.qC_��ba + ��� qC_�� ���.� c�{bx	lpxqClpxÁc%$�m�z	qC_bmY_befz�q�[ingh_bz-c�etmY_baãet_Ac�m c�{bx.apgbo * + , � ,/�.�Ûuyz�q���tx4� c�{bx � � � BP� ��� �&��B �"!�� *
qC_��$c�{hxKA/�� >�B � ��� �&��B �"!�� 
 )+[w�{bx6� � ��� �&��B[x"�fx	oÁx	_Ac�a�inlpmYo c�{bx a�gboÁorq<_��ba�et_Ac�m�c�{bx a�gbo
a�ghz#{�c�{bq<c mY_bx�z�q<_�lpx	z	mN~Cx	l c�{bx-etl�mYlpe��Yef_�q�RapmYgblpz	x+Jw�{bx-etl'�bx���_befc�etmY_�efa qCa�inm9���fm�$ a �

* � + �.� � * + , � ,/�.�0�   * 		��
�, � *�		��
�,

  � �"��� � * + , � ,����!� 
  * 		��
�, � *�	', + ��
�,

� x�et_Ac�x-l��blpx-c8c�{hx 
 ��C��-@��7@B B @ � > �9����BRm9�Mx-l�q<c�mYlEef_Èz	mY_Ac�lpm9�Ì� ��m�$#�Yl�q�h{ba ��� c�{bx #���C � !�� ��B %
C�� � m9��x	l�q<c�mCl"+>^§c[etayx�qCad��c�mÛapx	x�c�{bq<cyc�{bx�apgbo eta[q<a�a�m�z	etq<c�eÌ~Yx�qC_���c�{bx�_bx-ghc�l�q��x"�tx-o.x-_Ac



� �

eta�� �.�8+�^`_ c�{bx.inm9���fm
$ ef_�� $°x�$ e�����m<i c�x	_ o.x-l�x"�Ì��l�x-inx-l�c�m�c�{bx��bl�m�Yl�qCoP�`adc#q<c�xÁqCa�c�{hx
apc�q<c�x�+

��� ��� � %' 	()�*" � # ( �����������! ���"
� _bm��bx � � � � 
 mCi�q z	mC_�c�l�m9�Ä� ��m�$ �Yl�q�b{3eta1� ��B���AX� A-��B�� #3qCa�q l�x"�tq<c�efmY_ � �
*���� 		�.� ,�� ���� ��x-c%$�x	x	_ c�{bx ����A�A-����B?� ��� ��BDu�c�{bx ����A�A-����B � !���B A !���qC_��3c�{hx � ���9B
� !���B A !�� +°| ��mY_ l�x	z-x	eÌ~\ef_��$c�{bxãz	gblpl�x-_�cÛz	mY_Ac�l�m9�,apc�q<c�x<uvefc �bx-c�x	lpo.ef_bx	a�c�{hx�_bx ��c"z	mC_�c�l�m9�
apc�q<c�x<u��bx4�Mx-_��bet_-� mY_3c�{hx z-gbl�lpx	_Ac�ef_��bghc"+ ^`_'q���hefc�efmY_Eu'$°x�z	mC_ba�e��bx	l qC_ x ��c�x-l�_�q��
et_-�bghc {bx-l�xCu ��x	z	qCgba�xãc�{bx�apx"��gbx	_Ac�eÆq�,o.qCz#{bet_hx	a'�bx4�b_bx"�.����c�{bx�l�x4�Æq<c�etmY_ba q<l�xãq���fm�$°x4�
c�m�z-mYoÁo}gb_befz�q<c�xH$ efc�{ c�{bx-etl x	_A~�etl�mC_bo.x-_Ac5+ãw�{bx-�+o.q�� l�x	z-x	eÌ~Yx$et_��hghc�aÈq<_�� �bl�m��bgbz-x
mYghc��bghc�a"+ w�{bx�mYghc��bghc�a���qCz-x�a�efo��-�f�+efa�q;�hl�m �px-z-c�efmY_ m<i�c�{bx���q<c�q:�`adc#q<c�xra��bqCz	x�+�� x
$ l�eÌc�x���c�m*�bx-_bmCc�x"c�{bxÈef_��bghc�a/��qCz-x+Jw�{bx��bx4�b_befc�etmY_�m<i>c�{bxÈm9��x	l�q<c�mYlpa ��x"�tm�$ x	_ha�gblpx	a
c�{bq<c q����_bm��bx	aHlpx	z	x-ef~Cx c�{bx a�q<o.x ef_��bghc"+ w�{bx-l�x6inmYl�x<u8�A�3z	mC_�~Cx	_Ac�efmY_ _bm�qCl�lpm
$ efa
�bl�q�$ _ c�m��bx-_bmCc�x�c�{bx}x ��c�x	lp_�q�yet_��bg\c�� c�m�qr_hm,�bx�+ 0 m<c�x�c�{�q<cÛet_ mYl/�bx	l�c�m�apeto3���teÌi �
_bmCc�q<c�efmY_Eu $°x�gha�xrc�{bx�a�q<o.x._�qCoÁxÁinmYlãc�{bxr_bm,�hxCu�$ {befz#{ eta�q�ap��_Ac#q<z-c�efz�x	_Ac�efc`�YuJq<_��
efc�a$qCa�apm\z-eÆq<c�x"� l�x4�Æq<c�etmY_Ru�$ {betz#{�eta}q apx	o.qC_Ac�efz�x	_Ac�eÌc`�9+ ^`_ c�{bx�inm9���tm�$ et_-�.$�x �hx	_bmCc�x
qCl/�befc�l�qCld���hl�m9�Yl�qCoP�`apc�q<c�x�a��bqCz	x-a	� � �3qC_-�
����� � mU~Cx	l ��q:c#q:�§apc#q:c�xÛa/��qCz-x � �A�� q<_��
��,inmYl	�&� ª�� ��� ��� ® +

3 '4&��6���)& �C,J&7�
	-�I� � �
G &43H�)&  ��� 	 ? �U� ; ,J� � �D����� �5 w�{bx�apx"��gbx	_Ac�eÆq�,z	mCo���mYa�eÌc�efmY_�mCi>c%$°m._bm��bx	a

� ± � *���� � ,�� 
 � ��� � *���� 
 ,�� �

��etx4���ba-u�qÁ_hx4$'_hm,�bx � ± � ���Nu�$ {betz#{ eta �hx4��_bx4� qCa x �-��x	z6c�x4� �
� ± � ��� � *���� � ,�� �
� ± � ��� � ª *�� � � ����,0#���� � 
�8* � � � ����, � � ± � *�� ��� ��� , � ��� ®

���)���D����!<&.�U� ; ,J� � �D���7�  5 w�{bxãq���beÌc�eÌ~YxÈz	mCo���mYa�eÌc�efmY_�mCi>c%$°m._bm��bx	a
� ± � *���� � ± ,�� 
 ± � ��� � *���� � ��,�� 
	�

��etx4���ba-uRqCa et_ adc#q<c�x	z#{�q<lpc�a-u8q._hx4$T_bm��bx � ± , ���NuMa�gbz#{ c�{�q<cÛz	mY_Ac�lpm9�>l�x	ape��bx-a"x	eÌc�{bx-lÛef_
� ± mYl�ef_ ����+ 0 mCc�xÈc�{�q<c�c�{bx�et_Ac�x-lpi×qCz-x�mCiyc�{bx�a�gbo lpx���x-z-c�a�c�{beta�i×qCz6c5+

� ± , ��� � *���� * � ± , �	��, ,�� * 
 ± , 
	��,
� ± , ��� � ª * � �   � � *"��,0# *�� � � ����, � � ± ®�#�ª *�� � 
  � � 
 "� ,0# * � � � �$� , � ��� ®

w�{bx ~�eta�gbq�È_bmCc�q<c�efmY_3mCi � ± , ����eta �YeÌ~Yx	_ et_F�/e��Ygblpx��,+ #�u��tx6i c5+ w�{bx�o.x	qC_bef_�� mCi
* � ± , ����, * � �   � ,Pefa$et_Ac�gbeÌc�eÌ~Yx"�Ì� ap{bm�$ _ et_ �/e��Ygbl�x ��+ #\uÃl�e��Y{Ac5+ ��x-z	x-ef~�et_�� c�{hxHc�g����fx
* � � * � ,6u>c�{bxÁa�gbo gha�x	aãc�{bxÁz	mC_�c�l�m9�Jef_hinmYl�o.q<c�etmY_ °c�m � �bx	o}g-�fc�e����tx � 	Hc�{bxÁet_��bg\c�q<_��
a�x4�tx-z-c�c�{hx z	mYlpl�x-a���mY_��bef_�� l�x4�Æq<c�etmY_ � ± �"c�{heta�lpx"�Æq:c�etmC_ etaÁc�{bx-_ q������tefx"� c�mF* � � � ,Ác�m
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�/e��Ygblpx��,+1# � w�{bxãq���beÌc�ef~CxÈet_Ac�x-l��blpx-c�q<c�efmY_ +

m9�hc�qCet_.c�{bx"_hx ��c apc�q<c�x � �-�b_�q���Ì�Yu�c�{bxÛmYghc �hghc�mCi,c�{hx"l�x4�Æq<c�etmY_.eta �po�g��fc�e����fx �\x"�
	ãc�m  "��+

���)���D����!<& � & &@� � 	�� � 5 w�{hx�q����befc�ef~Cxrinx	x4����qCz#s efa}oÁmYl�xÁc�l�efz#sA� qC_�� eÌcPq���tm�$ a�c�{hx
z	mC_bapc�l�gbz6c�etmC_�mCi��tm�m9�ba"+ � a�et_ �bl�m�Yl�qCoÁoÁet_��bu�inx	x4����qCz#sH{�qCa c�m��Mxãgbapx"�.$ eÌc�{�z�qClpx�ef_
mYl/�bx	l�c�m$x-_ba�gblpxãc�x	lpo.ef_�q<c�efmY_ +[��eÌ~Yx	_ q$l�x4�Æq<c�etmY_

� � *���� * � , � , ,�� * 
 , � ,
$�x �hx4��_bx c�{hx�lpx"�tq<c�efmY_ ��� �� qCa�inm9���tm�$ a � w�{bx�z	mY_Ac�l�m9��efa�l�x	z-x	eÌ~Yx"�ÁmY_ � qC_��Áefc�efa�x	eÌc�{bx-l�YeÌ~Yx	_1�betlpx	z-c��f�ÁmY_ 
 mCl�q<i c�x	l�q<_�qCl��hefc�l�qClp�$_�gbo&�Mx-l�mCi8c�efo.x-a�ef_1$ {befz#{�efc �tm�m9�ba�q�tmY_-�
� + �vmCl�o.q���Ì� �

��� �� � *���� � ,�� 

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

$ {bx-l�x � � efa>c�{bx�qCl/�befc�l�qCld�K�bghc��b_befc�x°efc�x	l�q<c�efmY_�mCi �rqC_�� � � � � eta��hx4��_bx4�PinmYl	����
�� ª �� 
 ®qCa'��x"�tm�$ �
� � � � � ª * � ��
 ��
�',0# * � ���$ 
 ��
  
� , � � ®

^`_ c�{befa*�bx4�b_befc�etmY_  qC_�� 
 qClpx�c�{bx�ef_ �px	z6c�efmY_ba}z-mYl�lpx	a���mY_��het_��+c�m � q<_�� � inmYl}c�{hx
et_-�bghc�qC_��Hc�m 
 qC_�� � inmYl�c�{bx�mYghc �hghc5+

3 '4&�8:� � &���I� � �
� �)&  ���D� 5 5 w�{bxãe��bx-_�c�efc`� � � efa �bx4�b_bx"��qCa x �,�Mx-z-c�x"� �

� � � *���� � ,	� � � � � � ª *�� � � � � ,0# � � � � �(��� ®

���)���D����!<&>� �4&  ���SL �9	,���7�  5 w�{hx�q����befc�ef~Cx e��bx	_Ac�e���z	q<c�efmY_ � )�� � inmYl��Yx6c�a}c�{bx�x-_Ac�lp�
��mYet_Ac mY_ $ {befz#{�eÌc'�Yx-c�a c�{bx�z	mY_Ac�l�m9� �

� )�� � � *���� 	 � , � � �
� )�� � � ª * � ���$ � � � ,0#:����� $ 	 � � � � � �(��� ®

$ {bx-l�x 	 � � 	 * � � � , � * 	 � � ,�� �8+



� �

���)���D����!<&2�
	 ;
�SL��9	-�����  5 w�{bxHq���hefc�eÌ~Yx.l�qCoÁe���z	q<c�efmY_ � � � � �YeÌ~Yx-a�c�{hx�z	mY_Ac�l�m9��mY_qC_A��mCiyefc�a�x �\efc ��mYet_Ac�a �
� � � � � *���� � ,	� 	 � �
� � � � � ª *�� � � ���  � , #:� � � $ 	 � � � � � �&��� ®

���)���D����!<&#���
	  ��,J� � � �I�7�  5 w�{bx.q���hefc�eÌ~Yx}c�l�qC_ba/�MmCa�efc�etmY_ �� �� z	mYoÁo}ghc�x	a"c�{bx.x-_Ac�lp�
��mYet_Ac et_\inmYl�o.q<c�efmY_ �

�� �� � *�� � * � , 
 , ,	� 
 , � �
�� �� � ª *�� �   � � 
  � , # � � � � �&��� ®	#�ª * � � 
 "� �   ��, #��0� 
 � �(��� ®

w�{befa�o.x	qC_ba�c�{bq<c�z	mC_�c�l�m9�8efa ��qCapa�x4��mY_ q�fmY_���c�{bx�l�e��Y{Ac�x �\efc �MmYef_Ac�efi>efc $�qCa lpx	z	x-ef~Cx"�
mY_�c�{hxK�fx-i c x-_�c�lp�I��mYet_Ac�qC_-�H~�efz	xÈ~Yx-l�a�q,+

� >�� ��� M � �LK ��� JLK ���(G������+M � � � M K
w�{bxV� � � B �,� � �$��@B � 
 �C�9!�# �	��efa�qÛoÁm,�hx"�\inmCl > �"��A/@A>� > �$� #J@B @�%'& !�) A�@	��>JC�+>w�{bx�ef_�c�gbefc�etmY_
��x	{bef_��.c�{bx	apx8�Yl�q�b{ba�etaÃqCaJinm9���fm
$ a4+ � c�qC_A�$o.mYoÁx	_AcÃmCiEc�etoÁxCu @����R_hm,�bx-a°mCiRc�{bx �Yl�q��b{
qClpx qCz6c�ef~Cx+qC_�� z	mYo3�bghc�et_���c�{bx mCghc �bg\c���q<c�q ��qCapx"�3mY_�c�{bx ef_��bghc���q<c�q-+ � _bm,�hx
l�x-z	x-ef~Yx-aÛc�{hx�et_-�bghc ��q<c�qrq�fmY_��.q.B �/� � �+!�� � ��� �,BA� >-@�� � �	� C�qC_-��a�x-_��baÛc�{bx�z-mYo3�bghc�x4�
��q<c�q�q�fmY_��.q;B ��� � �+!��+!���B^� ��B�� >-@�� � �	� C�+�w�{bxPqClpz	aÛm<i�c�{bx!�Cl�q�b{RuMe + x�+fuvc�{bx�z#{�qC_b_bx4�ta-u
inmYl $�qCl/�3c�{bx ��q:c#q c�m c�{bx+mCc�{hx	l�_bm��bx	aHef_ c�{bx �Yl�q�b{ + w�{bx et_Ac�x-_��bx4� ��q<l�q���tx"�fetapo
mCi�_bm��bx	a-uyef_��bghc .<mYghc��bghcãz#{�qC_b_hx"�ta�qC_��#�bl�qC_bz#{bx-a�mCi�c�{bx$z-mY_b_bx-z-c�mCl�aãeta�m9�hc�qCet_bx4� ���
et_Ac�x	l��hl�x-c�et_��+c�{bx 
 ��C���@��'@B B @ � > �9����B � � �5� B �,� � �$��@B � 
 �	� < �A� c�{bx � A-!�# � ��B � qC_�� ���
�bx���_bet_-��c�{hx mCc�{bx	lÃm9��x	l�q<c�mYlpaÃqC_��rz-mY_b_bx-z-c�mYl�a�z	mY_bapetadc�x	_Ac��f�*$ efc�{.c�{betaJet_Ac�x	l��hl�x-c�q<c�efmY_ +

����� ��� � ���� ���"
� x}qCapa�gboÁx&�YeÌ~Yx-_ qrapx-c"m<i�� >-@�� � �	�0B <&� � C�� � ª	� � # � ��� ® u/x	qCz#{ �bx���_bet_-�.c�{hx�a�x6c
mCi/o.x-a�a�q��Yx	a'$ {betz#{ eta�q���tm�$�x"��c�m ��m�$ q�fmY_��ÁqÁz#{bqC_b_bx4� +Ãw�{bx�ef_��bghc qC_-� c�{bx�mCghc �bg\c
� ��B ��A �4@ � �*B <&� �ÁmCi°qHz-mYo3�MmY_hx	_Ac�u8lpx	a���x	z6c�eÌ~Yx"�Ì�Yu>eta"c�{bx	_ q �bl�m��bgbz6c � � � ± ���� �$��
mCiyz#{�qC_b_hx"�8c`���Mx-a � �"���Hu��bx4�b_bx"��qCa�inm9���fm
$ a �

� � ª * , ® eÌi � � � � � �� ± efi ��� � �
� � ª *�� ± ���� � �
<,0# � ± � � ± � �� � �
�� ��
 ® efi �*) �

�Èef~Yx-_ qCl��hefc�l�qClp��ef_�c�x	ldi×qCz	xrc`����x	a � � � ± � �� ����� qC_-� 
 � 
 ± � �� � 
�
-+ � xx ��c�x	_�� c�{bxãq��mN~Yx��bl�m��bgbz6c �bx4��_hefc�efmY_ qCa�inm9���fm�$ a �
��� ª * , ® � ª *", ® � � ��
���$
 � � ± � ���� ����� 
 ± ���� 
�




�  

E x-_bz	x<uÈc�{bx�x	o3�hc`� et_Ac�x-lpi×qCz-x ª *", ® eta�c�{bx�_bx-ghc�l�q�ãqCl�lpm
$ 
�+ w�{bx � � � BHqC_�� A��� >�B
� A-!*� �&��B �"!��-C�� �qC_����-bqCl�x��YeÌ~Yx	_ ��x"�tm�$ �

�  � � ± � �� � ��� � 
 ± �� �$
�
 � � ± � �� � ���!�
�  * � ± ���� � � � ��� ± ���� �$� 
<, � * � ± ���� � � � ,
�- � � ± � �� ����� �$
 ± �� ��
�
 � 
 ± � �� ��
�
��
�- * � ± ���� � � �!�$� ± ���� ��� 
;, � * � ± ���� ��� 
<,

w�{bx �blpm �px	z6c�etmC_ba�gb_be���ghx"�f� �bx4�b_bx�q ��qCetlpet_�� ingb_bz-c�etmY_ ** �� ,.apgbz#{ c�{�q<c�inmYl�qC_A� �Áu
� ��* � ± ���� � � �3,!� � � � qC_������ *�� ± ���� ���	
�,0� � � 
)eÌcÛ{hm9���ba c�{bq<c � * � ��� , �
* � ± ���� � � � ��� ± ���� ���	
�,�+ 6Ã�H�hx4��_beÌc�efmY_EuUc�{bx �bl�m��bgbz6c[etayqCapa�m�z	eÆq:c�ef~Cx°q<_���{�q<a[qCay_bx	ghc�l�q�
x"�fx	oÁx	_Ac 
�+�w�{bx gb_be���gbxHx �hefapc�x	_bz-x�mCi8�bl�m �px-z-c�etmY_ba$efaÁz#{bqCl�qCz6c�x-l�etadc�efzHinmCl*��q<c#qU� ��m�$
�Yl�q�b{ba4+

^`_ ��q<c�q:� ��m�$ �Yl�q�b{baÃc�{bx orq<et_rz-mY_bz-x	l�_�efaÃc�{bx���q:c#q &(!�)�+�wym&�bx4��_hxÈqC_���q<_�q�f� �-x
c�{heta ��m�$�u-$�xÈ_bx-x"��c�mPm9�ha�x	ld~YxÈc�{hxÈet_hinmYlporq:c�etmC_.x �hz#{bqC_��Yx4��q�fmY_���x�qCz#{Hz#{�qC_h_bx"�8mN~Yx-l
B ���9�9+�^`_ q${����blpe���ap��apc�x	o c�{befa ��m�$ orq�� ��xãz	mY_Ac�ef_�gbmYgbaI*nc�{bet_bsrmCi�qC_bq�tm9� �bx6~�etz	x-a ,ku
a�m*$�xãqCa�apgbo.x"c�{�q<c�c�etoÁxÛef_bz	lpx�qCapx	a z	mY_Ac�et_�gbmYgba/�f�Cube + x+\efc�efa # ���-C@�6ubqC_-�Hc�qCsCx"c�{bxÈ_bmY_��
_bx4�Aq<c�eÌ~Yx�l�x	q�v_�gho!�Mx-l�a
	 � qCa°q��bapc�l�qCz6c�c�etoÁx q��hefa"+[^`_Ác�{befa�z	qCa�x<u�c�{bx ��q<c#qãx �\z#{�qC_-�Yx"�q�fmY_��HqHz#{�qC_b_bx4� $ efc�{+c`����x � mN~Yx-lãc�etoÁx!�bx4�b_bx	a�q o.q���het_�� � ������ +Á��mCc�ef~<q<c�x4�
�A� mCgbl�{A���bl�e�� z	mCo��bg\c#q<c�etmY_ o.m��bx"� * G°{�q�hc�x	l  ;, $°xreto3�MmYapx.apmYoÁx.lpx	apc�l�efz-c�efmY_ba�mY_
c�{hetaPo.q���bef_�� et_ c�{bxH_bx ��cÁz#{�q�\c�x	l4+ � x z	q����a�gbz#{�q+l�x-apc�lpetz6c�x"��o.q���bef_��+q # ���-C@�
� !���� � � �$��@B �"!��&> ��C�B ! A <�qC_��ãefc�a,z-mYl�lpx	a���mY_��het_���c`�,��x�q # ���-C@�:� !���� � � �$��@B �"!��&> ��C�B ! A�<
B <3� ��+'w�{hx �Æq<cpc�x-lrmY_bx-a�qClpx�gbapx"� c�m et_Ac�x-l��blpx-c�c�{bx � A/��� �DB � 
 � @A A-!�)�C+m<i���q<c#qU� ��m�$
�Yl�q�b{ba4+

� l�x	qCa�mC_�q���fx"qCapa�gbo3�hc�efmY_�$ {hetz#{ �tx	q�baÃc�mPq�oÁm��bx"� $ efc�{r~Yx-lp�._betz-x��bl�m�Mx-lpc�efx	a-u\efa
c�{bq<c ��q<c�q:� ��m�$ a>qClpx B ���9�FC�<��O� >�A !�� !��JC6uNe + x+ÌuNc�{�q:c>c�etoÁx ��m�$ a>et_Èc�{hx�a�qCoÁx $�q��"inmYl8x	qCz#{
z#{�qC_h_bx"�8q<_���x�q<z#{ z-mYo3�MmY_hx	_Ac5+[^`_�c�{beta�z�qCapxCuhc�{bx"{befapc�mYlp�1*Dq<_���efc�a�qCapa�m�z	etq<c�x4���bl�x�� ���
mYl/�bx	lpet_�� ,$mCi�q z	mYo3��mY_bx	_Ac � a�ef_�c�x	ldi×qCz	x * � ± � �� �$��� ,����3eta.x"��g�q� c�m c�{hx �bl�m��bgbz6c
� ��± � �� � � ��� mCi>c�{hxã{hetapc�mYl�efx	a�mCiyefc�a�z#{�qC_b_hx"�ta4+

����� � � %' 	()�*" � # ( �����������! ���"
w�{bx���x	{bqN~�efmYl}mCi�q�z-mYo3�MmY_hx	_AcPz�q<_ �Mx.z	mYo3���tx6c�x4�f�#�bx	apz	lpe���x"� �A� qC_$� ��� �,B�� !��,B � ��B
A-�	�)@B �"!���uJe + x�+fu �A� q lpx"�Æq:c�etmC_ �Mx6c%$°x-x	_�c�{bx�{befapc�mYl�efx	a}mCi�eÌc�a}ef_��bghcPz#{bqC_b_bx4�taÁqC_�� c�{hx
{befapc�mCl�etx-aJmCiReÌc�aJmYghc��bghc�z#{�qC_b_hx"�ta4+�w�{bx�l�x"�tq<c�efmY_$o}gbadc ��x c�mCc�q�bet_$c�{hx ef_��bghcÃ{befapc�mCl�etx-a"+
� x�qCapa�gboÁx�c�{�q:c.c�{bxHl�x"�tq<c�efmY_ba$qClpxI�bx4��_hx"� apgbz#{ c�{bq<c$c�{bx ��q<c�q m�z	z-gbl�lpet_���et_ c�{hx
{befapc�mCl�etx-a�mCi�c�{hx+mYghc �hghcHz#{�qC_b_hx"�taHq:c�c�efo.x �ÁmY_-�f� �bx"��x	_��ha�mY_ c�{bx+et_-�bghc�{befapc�mYlp�
l�x-z	x-ef~Yx4��g��Hc�m *×qC_�� et_bz4�tg��bef_�� , � + ��mYlporq����f�CuAinmYl�q��� � ± � � � qC_�� � �

� ±���� � � ��� � � � ��� � � ��� � � * � ± , ��� � � ��� � � * � ��, ��� � � ���
$ {bx-l�x!�A� � ��� $�x&�hx	_bmCc�x�c�{hx�lpx	apc�l�efz-c�efmY_�m<i � c�mÁc�{bxãc�etoÁx�et_Ac�x-lp~<q���7+8G �fx�qCl/�f�Cu�x	qCz#{
l�x	q�te���q�-�tx�z	mYo3��mY_bx	_Ac �Mx-{�q�~Yx-aÈet_�c�{beta'$°qN�+ � x�z	q���8c�{bx	apx}l�x4�Æq<c�etmY_ba�B ���9�B �-@A # � #0�



� D

w�{bx6��� ��B���AX� A-��B c�{bx � !�# � C}mCiJc�{bx!�bq<c#q:� ��m�$ �Yl�q�h{ba"+�w>m apeto3���teÌi ��_bmCc�q<c�efmY_Eu $°xPgbapx
c�{hx°a�q<o.x�_�qCoÁx *nmYl/ad�\o&�Mm9� ,8inmCl/qÛ_hm,�bx *×mYl>m9��x	l�q<c�mYl-,>q<_��}efc�a[qCapa�m�z	etq<c�x4��l�x4�Æq<c�etmY_9*×mCl
l�x4�Æq<c�etmY_bq�/m9��x	l�q<c�mCl ,�+ 0 m<c�xCu>{bm�$�x-~Yx-l	u/c�{�q<c�c�{hx._�q<o.x-a�q<_�� ad�\o&�Mm9�faãqCl�x$ap��_Ac#q<z-c�efz
x	_Ac�efc�efx	a $ {bx-l�x	qCa�c�{bx�l�x4�Æq<c�etmY_ba�qC_�� l�x"�tq<c�efmY_�q�Mm9��x	l�q:c�mYlpa qCl�x�a�x-orq<_�c�etzÈx-_�c�efc�etx	a4+

3 '4&��6���)& �C,J&7�
	-�I� � �
G &43H�)&  ��� 	 ? �U� ; ,J� � �D�����  5 w�{bxãet_Ac�x-l��blpx-c#q:c�etmC_�mCi[a�x"��gbx-_Ac�eÆq��yz-mYo���mYapefc�efmY_�eta c�{hx
gbapg�q�8a�x4��gbx	_Ac�etq�,z	mYo3��mYa�eÌc�etmC_�mCi/lpx"�tq<c�efmY_ba"+/^§cÛq����tm�$ a ��q<a�a�ef_��$mCi/c�{bx���q<c�qPinlpmYo mY_hx
z	mCo���mY_bx-_�c c�m.q<_bmCc�{hx	l�z	mCo���mY_bx-_�c�ef_�q*�fet_bx	qCl $°qN�+��Èef~Cx	_�c%$�mrl�x4�Æq<c�etmY_ha �

� ± � � ��� � 
 ��� � ��� � 
 �� � � ��

$�xH�bx���_bxÈc�{hx	etl�apx"��gbx-_�c�eÆq�,z-mYo���mYapefc�efmY_ � ± � ���ÛqCa�inm9���tm�$ a �
� ± � ��� � � ��� � � ��
� ± � ��� � ª * � ��� ,!#���� � 
 ���  * � ����, � � ± � * � ��� , � ��� ®

� 	��
	 ?7?�& ?��U�<;�,J� ��� ����� �5 � a°et_.apc�q<c�x-z#{�qClpc�a	uhc�{bx8�bqCl�q���tx4��z	mYo3�MmCa�efc�etmY_$mCi8c%$�m}z-mYo$�
��mY_bx	_Ac�aÁ��etx4���baÁq _bx4$�z-mYo3�MmY_hx	_AcÁa�gbz#{ c�{�q<c /�! BD>+z	mC_bapc�efc�ghx	_Ac�a.qCl�x�qCz6c�ef~CxHa�eto�g��Ì�
c#q<_bx	mYgha��f�Cu,e + x+8x�q<z#{ z-mY_bapc�efc�gbx	_Ac�{�qCa�efc�aÈm
$ _ z	mY_Ac�l�m9�Du0�bx	apz	l�e��Mx4� inmYlÈx �hqCo��-�tx �A� q
z	mC_�c�l�m9�Ä� ��m�$ �Yl�q��b{ +Pw�{bx$et_Ac�x	lpi×q<z	x$mCiJc�{bx �blpm,�hgbz-cã{�qCaÈc�m lpx���x-z-c�c�{heta"i×qCz6c5+Á�Èef~Yx-_
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c�{hxãef_��bghc eÌc l�x-z	x	eÌ~Yx-a�inlpmYo c�{bx�x	_A~�etl�mC_bo.x-_Ac mCl�c�{bx�z	mCo!�bet_bq<c�efmY_�q� ��qClpc"+
NPO 	-; ,�?�& $ �/e��Yghl�xO -+ � uJl�e��Y{Ac�uÃa�{bm�$ a$c�{bxHx �\x-o����tqClp� �Mx-{�q�~�etmYl$mCiÛq+z	mYo3�MmC_bx	_Ac5+
w�{bx+ap{�q�bx4� ��m �\x	a�� �Èet_-�betz	q<c�x c�{bx c�etoÁx.��x	lpetm��ba1$ {bx-l�x c�{hx z	mYo&�bet_�q:c�etmC_�q�'��qCldc
e��-�tx	aÛet_+_bm��bx �/+ � cÈc�efo.x�� ± c�{bx*�befa�z	lpx-c�xPo.mN~YxPm<iÃc�{bx$x	_A~�etlpmY_boÁx	_Ac"c�lpe��9�Cx	l�a"qI�hetad�z	lpx-c�x�oÁmU~Cx�m<i[c�{bxãz	mCo!�bet_bq<c�efmY_�q� �bqClpc"+ � z-z	mYl/�bet_��Ác�m$c�{bx�_bx4$'_bx ��c"adc#q<c�x�lpx	z	x-ef~Cx"�
inl�mCo c�{bx}z	mCo!�bet_bq<c�efmY_�q� ��qCldc�uRc�{bx$qC_�q��tm9����qClpc"a�x"�fx	z6c�a�q�_bx�$ qCz6c�eÌ~\eÌc`�9+�w�{bx$qCz6c�eÌ~��
efc`� � aJapc#q<lpc�~<q�tghx q<c�c�efo.x � ± eta[qCaF�bx-c�x	l�oÁet_hx"� �A�}c�{bx z-mYo!�bef_�q<c�efmY_�q����qCldc5+ � c�c�etoÁx � �c�{hx	l�x�efa�q*�betapz	l�x6c�x�oÁmU~CxÈmCi>c�{bxÈx-_�~�efl�mY_boÁx	_Ac	u��bghc�c�{hxÈz	mYo!�het_�q<c�etmY_bq� �bqClpc lpx	o.qCet_ba
e��-�tx+>w�{bx�qC_�q��tm9���bqClpcJz#{bm�mYapx	aÃqÈ_bx4$�c�l�q �px	z-c�mYlp��inmYl[c�{hx�~Cq<l�eÆq����tx-a�$ {bmYapx�adc#qCldc�~<q�tgbx
etaÈc�{bxrq<_�q�tm� ��qClpc � aãmYghc��bghc �pgbadc&��x-inmYlpx � �Nu?��x	z	qCgba�xÁc�{befaÈeta $ {�q<c�efc�lpx	z-x	ef~Cx	aãinl�mYo
c�{hxPz	mYo!�het_�q<c�etmY_bq�0��qCldc�q<c"c�etoÁx�� ��+�w�{�gba	uEc�{bxPmYghc��bghcÈ{�q<a�q�{be��Y{hx	lÛmCl��bx-l��betapz	mY_��
c�ef_�gbefc`�H{bx-l�x�+ � c�c�efo.x����Ûc�{bx�x-_�~�efl�mY_boÁx	_Ac8�bm\x-aÛ_bm<c8��x	ldinmYl�o�q3�betapz	l�x6c�x�o.mN~Yx<u��bg\c
c�{hx}z	mYo&�bet_�q:c�etmC_�q�0��qCldc��bm�x	a-uEx+ ��+ �Mx-z�qCgbapxPa�mYoÁx�c�{bl�x-a�{bm���+eta l�x	qCz#{bx"��+ � �AqCef_�c�{hx
qC_�q��tm9�*��q<lpc�a�x4�tx	z6c�a qÁ_hx4$ qCz6c�eÌ~\eÌc`�Yu�$ {befz#{.��x"�Cet_ba $ efc�{ c�{bx�apc�qClpc�~<q�tgbx �hx-c�x-l�oÁet_bx4�
�A� c�{hx�z	mYo!�het_�q<c�etmY_bq�F��qClpc"+ �"ghl�et_-��c�{bxHef_�c�x	ld~Cq��ta *×� � � ± ,���* � ± � ���/,�qC_�� * ��� ��� ,ãc�{hx
z	mCo!�bet_bq<c�efmY_�q� ��qCldc efa�e����fx+ �

A �tx�q<a�x�_bmCc�x�c�{bxãapc�lpgbz-c�gbl�q��8a�etoÁe��tqCl�eÌc`�ÁmCi/mCgbl�{A�,�hl�e���orq<z#{bet_bx�q<_��.�heta�z-l�x6c�x�z	mY_��
c�lpm9���fx	lpa mCiJz-mY_Ac�ef_�ghmYgbaÛad��apc�x-o.aÈef_ G°mY_Ac�lpm9�>w�{bx	mYld�9+Èw�{bx-l�x&$�xPq�fa�m�{bqN~CxPq1�befa�z-l�x-c�x
qC_���qPz	mY_Ac�et_�gbmYgba'��q<lpc c�{�q:c�qCl�x�et_Ac�x	l�z-mY_b_bx-z-c�x"�.$ eÌc�{�inx	x4����qCz#s +
��& & � � 	���� 	  � ����	-�I& 5 L\et_bz-x�c�{bx�ef_��bghcÛl�x	z-x	eÌ~Yx"� q<_�� c�{bx�mYghc��bghc��hl�m��bgbz	x4�+orq��
z#{�qC_-�Yx�q�bl�g-�hc �Ì�Pq<cÃqC_A�}c�etoÁx �ku�qCa�a�{hm
$ _.et_?�/e��Ygblpx  -+ � uAl�e��C{�c	u$�x z-mY_ba�e��bx	l[c�{�q<cJc�{hx
apc�q<c�xÁmCiÃc�{bxÁz	mCo���mY_bx-_�c�q<cãoÁmYoÁx	_Ac �"etaÈc�{bx��fetoÁefc� � +��	� ��
 *�� ,�m<i�q���[c�{bx$mYg\c �bghc�a
 * � ,*�bl�m��bgbz-x"� �A� c�{hx qC_�q��tm9� ��qCldc $ {bx	_ �3q���blpmAqCz#{bx-a � +3^`_ m<c�{bx-l3$�mYl��ha	u�c�{hx
inx	x4����qCz#s.�tm�m9� l�x"�hl�m��bgbz	x-aÛc�{hx}qC_�q��tm9�3��qCldc � a"mYghc��bghc8$ eÌc�{�qC_ et_,��_befc�x	apeto.q� � � ��A B � @+
� x�a�q���c�{�q<c�c�{bx.mYghc �hghcPeta �)@B�� > � #�+�w�{bx�et_,��_befc�x	apeto.q� � � ��A B � @�eta�l�x	q�te��	x"� �A� c�{hx
� � +� ��q<lpc�mCi>c�{bx�{A���bl�e���o.qCz#{bef_bx+* �/e���+- ,+ � u-�tx-i c ,�+�^§c�a �hx4��_beÌc�efmY_�eta �

� � +� * 
 ,�* � ,������ � 
 efi � � �
 � +��	� ��
 * � , efi � ) �



� �

$ {bx-l�x 
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� c�g����tx�mCi�ingb_bz6c�efmY_baÛefaÛef_-��_beÌc�x"�Ì�Ha�oÁm\m<c�{ e)( q����,efc�aÛz	mCo���mY_bx-_�c�aÈqClpx+ � xPq�fa�m�z	q���
� ��� � c�{hxra�x6cPmCi &(!�)�C�mN~Yx-l�� +�wym oÁm��bx"�ÃqC_�q��tm9� �Mx-{�q�~�etmYlãet_ q � $�x"���F��x	{�q�~Cx"�
	
$°qN�Cu[qCz6c�eÌ~\eÌc�efx	a"o}ghapcK�Mx$c�m<c#q��q<_���c�etoÁx*�Yg�qCl/�bx"��+9��gbldc�{bx-l�oÁmYl�x<u $�x3�bx	o.qC_�� c�{�q:c
c�{hx�q<z-c�eÌ~�efc�efx	a �bm$_bm<c �hx"��x	_���mY_ q�ba�m�tghc�x�c�etoÁx?*×oÁx�q<a�gblpx"��inlpmYo)ad��apc�x-o�apc#q<lpc/, �bg\c
o.qN����x"apc�qClpc�x"�HqC_A��c�efo.x�+�| apet_��$q}lpx"�Æq:c�etmC_�q��_bmCc�q<c�efmY_rinmYl$� � �Jc�{befa°inmYl�o.q���f�PoÁx�qC_ha
c�{bq<c�inmYl q���Rc�efo.x"ef_Ac�x	ld~<q�ta � � �*� ,°qC_��HinmYl q���E{betadc�mYlpetx-a� � 
 �(� ��� � qC_-��� ��� ��� � �

*�� ��� � 
 , # � � � ��� � � � � # � � � ��� � � ����� �  *�� � ��� � � 
 � , # � � � � � � � � � � � ��� # � � � � � � � � �

$ {bx-l�x�� � efa�c�{bx�lpe��Y{Ac a�{hefi c mCiyapc�l�x�q<o��2�A� �ku�� � * � , �������� � *���� � , +
w�{bxÛz-mYo3���tx6c�x �Mx-{�q�~\efmYlÃmCiRc�{bx"qC_bq�tm9����q<lpc�eta �bx	apz	l�e��Mx4���A�.qãlpx"�Æq:c�etmC_ ��� � $ efc�{

c`���Mx � ��� � � *���� �%� � , �� � � * * �%� � , ��� ,
$ {bx-l�x��(� � efa"c�{bx �blpm9�Yl�qCo$�§apc�q<c�x}a/��qCz-xCuyqCaÈet_+c�{hx$c`����x$mCi � � + uyq<_��+inmYl�qC_A�+a�x6c
� u � ����bx-_bmCc�x-aÃc�{bx a�x6c�m<i � �"�&� ��) ��C@� C	�9!@! BD> ingb_bz-c�etmY_ha 	 � �!� +FE x	_hz	xCuAc�{bx et_��bg\c
qC_�� mYghc �hghc�mCiÛc�{bx�qC_�q�fm9� �bqClpc.eta._bmCc._bx	z-x	a�a�qCl�e��f��z	mC_�c�et_�gbmYgha"+ ^`_hapc�x	q�Eu ��_beÌc�x4�f�
o.qC_A�1�befa�z-l�x-c�x"oÁmU~Cx	a �A�rc�{bx"z-mYo!�bef_�q<c�efmY_�q���bqClpc q<_���c�{bxÛx	_A~�etl�mC_bo.x-_Ac �bgblpet_��Pq<_��
��_beÌc�x�ef_�c�x	ld~Cq���qCl�x q����tm�$�x"� +y^`_Ác�{bx�inm9���tm�$ et_�� $°x $ e����hapx	x�c�{�q:c�c�{befa �bx	o.qC_��ba�c�{�q<c�c�{hx
z	mCo!�bet_bq<c�efmY_�q�?��qClpc�eta�lpx�q�fe ��q����tx�+C� xÁz�q���"� ��� c�{bxÁa�x-c�mCi # ���-C@� � !���� � � �$��@B �"!��
> ��C�B ! A��"� C�+
w�{bxÁl�x"�tq<c�efmY_ ��� � etaÈm9�hc�qCet_hx"�#��� �bqCapc�et_��Hc�m9�Cx-c�{hx	lÈc�{bx ��m�$ aãmCi°c�{bxÁqCz-c�ef~�efc�etx	a

qCapa�m�z	eÆq:c�x"�Ác�mãc�{bx�_bm��bx	a $ {bx	lpx c�{hxÛz	mCo!�bet_bq<c�efmY_�q�,��qClpc � � + e����tx-a"+JAyqCapc�et_���etaJl�x	q�Ì�e �-x"�ÁqCa�ap{bm�$ _.ef_?�/e��Yghl�x  -+ � uAoÁe����-�txCu��A�Px ��c�x-_��bef_��ãc�{bx�a�gho m9��x	l�q:c�etmC_}c�m�qCz6c�ef~�eÌc�etx-a"+
�Èef~Yx-_ qÁapx-c�mCi/qCz-c�ef~�efc�etx	a � �$# � ª � ��� � # 
�$ � ® uhc�{hx	etl�apgbo eta �hx4��_bx4� qCa'��x"�fm
$ � �

, 
��% ± � � � � ������ ª *�� ��* � � � ,/��* � ��& , ,!#
� � � +  ��# � � +(' � + $ � � *)� � � ��& , # � � * � � � � , # � ®

* H� 1)! "JO P�4\ ]^�?)�0��	8.=? *8/+, *8�0* �!#/ ")$ *2@%&�$+N�?8�%32 8/�	�$%&�$+N�?8,+.-)/10 :3254764< /82�496 < /825476 G



�C�

$ {bx-l�x �"efaÃqK�fx-i cJz"�fmYa�x4�rlpe��Y{AcJm9��x	_.et_Ac�x-lp~<q�¡u +(' eta�c�{bx x �\c�x	_bapetmY_rmCi + c�m�qãz-mY_bapc�qC_Acingb_bz6c�efmY_.mN~Cx	l ��u � �
� �� qC_��1* � � � ,���* � ��& , � * � � � , �� +[w�{bx c�g����fx * � � � ,[z	mY_ha�etadc�aÃmCi
c�{hxãz-mY_Ac�lpm9�Ì�§apc#q:c�x ��m�$ � $ {hetz#{;�Cef~Yx-a�q<c�x�qCz#{�o.mYoÁx	_Ac mCi>c�efo.x"c�{bx�_bm��bx $ {bx	lpx�c�{hx
z	mCo!�bet_bq<c�efmY_�q�0��q<lpc"e����tx-a *na�x	x �/e��Yghl�x: -+ � uRl�e��Y{Ac/, qC_�� c�{bx&��q:c#q:�§apc#q:c�x �bm
$ � $ {hetz#{
�YeÌ~Yx	a�q:c�x�qCz#{�o.mCo.x-_�c"mCiJc�etoÁx�c�{bx*��q<c�q:�`adc#q<c�x*��qCa�apx"�#�A� c�{bxPz-mYo!�bef_�q<c�etmY_�q��?��q<lpc5+
w�{bx"c�g����tx * � ��& ,�z	mY_ha�etadc�a�mCi8c�{bx"a�qCo.xÛz	mY_Ac�lpm9�Ì�§apc�q<c�x ��m�$ �HqC_���c�{bx���q<c�q:�`adc#q<c�x ��m�$
& z	mCo��bg\c�x"�2�A� c�{bx�a�gbo +���mYl}x	qCz#{ et_Ac�x-lp~<q� ��et_ $ {befz#{ c�{bxHz	mYo&�bet_�q:c�etmC_�q�F��qCldc
e��-�tx	a-u�c�{bx}apgbo gha�x	a c�{bx}z-mY_Ac�lpm9�yef_hinmYlporq<c�etmY_ ��# � c�m��hx	o}g��Ìc�e����tx ��c�{bx�et_��bg\c?* � � � , # �c�m"c�{bx�q�-�bl�m9�hl�eÆq:c�x�q<z-c�eÌ~�efc`��qC_��}c�mÈo�g��fc�e����fx ��c�{hx�mYghc��bghc &�# � c�m * � ��& , # � + L\x-z-c�efmY_ #,+ �
$ e�����a�{bm�$ {bm�$ ��� � etaÃz	mY_badc�lpgbz-c�x"��inl�mCo c�{bxÛqCz-c�ef~�efc�etx	aJef_rq!E �-L�G°{�qCldc �A�Ágba�ef_���c�{hx
, m9�Mx-l�q<c�mYl"+ � a"c�{bxPz	mC_bapc�l�gbz6c�etmC_�lpx	apg��fc�aÈet_ q �vq<c�adc�lpgbz-c�gbl�x$mN~Yx-l �Ûu0$�xP_bx	x4� _bm<c
gbapxÛet_��px	z-c�etmY_ha  �qC_�� 
 �ef_Ác�{bx �bx4��_hefc�efmY_ÁmCi ,}u��bghc�z�qC_��betlpx	z-c��f�Pgha�x c�{bx�a�gboÁorq<_��ba �
_�gbo!��x	lpa�ef_�c�{bx ���¡inm9��� �heta �pmCet_Ac a�gbo � � �8+

0 mCc�xÁc�{�q<c�c�{hxÁc`����xrmCi ��� � q<a�a�ghl�x	aãc�{�q:c *�� ��* � � � , ,"eta���q<lpc�eÌc�efmY_bx"� ef_�c�m.�hetx	z-x	a-u
$ {bx-l�x �½u �}qC_�� � qCl�x�a�efo}g��fc�qC_bx-mYgba��Ì� �befx	z	x�$ etapx°a�oÁm�mCc�{ +,w�{bx°mYghc �hghc/{hetapc�mYl�efx	a3* � ��& ,
mCi ��� � qCl�xãq�YqCet_ �befx	z-x4$ etapx�a�oÁm\mCc�{Eu��A��c�{bx��bx4��_hefc�efmY_HmCi ��� � +

� a $�xK�hx	o.qC_���c�{�q:c x-~Yx-lp� qCz6c�eÌ~\eÌc`�refa�c�mCc�q�8qC_-�Hc�etoÁx��Yg�q<l��bx4�Euhc�{hx�q<_�q�tm�!��qCldc
q�fa�m efaÁc�mCc#q�� q<_�� c�efo.xk�%�YgbqCl��bx4� + ��gblpc�{bx	lpo.mCl�xCu�inmClÁc�{bx qC_bq�tm9�#��qCldc�$�x �bx-orq<_��
c�{bq<c�efc eta�A-� C@!�� 
 @0/E� �6u-$ {befz#{�oÁx�qC_ha c�{�q<c efc o}ghapc�{�q�~Yx�q � �\x4�;��mYet_Ac inmYl�x-~Cx	ld��adc#q<c�x

 � � � � � q<_��Hx-~Yx-lp� et_-�bghc apc�l�x	qCo � ��� � � �,uhe + x+Ìu

� � � * �%� � , � � �  � *D�;, ��
 � � � � ��� � *)� � � ,
� x	a�m�f~<q�be��tefc`��mCiMc�{bx qC_�q�fm9����qCldc°efaÃ_hx	x"�hx"�rc�m&�blpmU~Cx c�{�q<cJc�{bx�a�x-orq<_�c�etz-a�mCiEq�{A���bl�e��
o.qCz#{bet_hxÈeta $�x"���Ä�%�bx���_bx4� *na�x	xK��x"�tm�$ , +

� >�� ��� M � �+H J �+B M B �

�Èef~Yx-_ qC_+et_hefc�etq�,apc�q<c�x�
 � uRc�{bx!��x	{�q�~�etmCl"mCiJc�{bxP{A���blpe��+o.qCz#{bet_hx}etaÈq.l�x"�tq<c�efmY_ � + �
��x-c%$�x	x	_ eÌc�aref_��bghcrqC_��3mCghc �bg\c�z	mCo.o}gh_betz	q<c�efmY_�{hetapc�mYl�efx	a4+9� l�eÌc�et_-��c�{bx �Yl�q�b{ ef_
�/e��Ygbl�x  -+ � uyo.e������tx<u/q<a}q�lpx"�tq<c�efmY_�q�[x �,�bl�x-a�a�efmY_ $ efc�{ c�{bxro}g-�fc�e����tefz�q<c�ef~Cx}m9��x	l�q:c�mYlpa
l�x-a�g��Ìc�a et_�c�{bx��bx	_bm<c#q<c�etmY_�q��Ra�x-orq<_�c�etz-a�m<i � + � �

� + � � �%� ��� � ��� � � *�� ��� ,
� + � * 
�, � * * �� � ��� ,	� *$� � � � +(' , �	��� � � �� � � *���� � ' � � � +� , , � 
�� ��

$ {bx-l�x	� ' c�lpef~�eÆq����f� x ��c�x-_��ba}c�{hx�z	mYo&�bet_�q:c�etmC_�q��l�x4�Æq<c�etmY_
� et_�c�etoÁxCuye + x+�� ' *)� , ������
ª � #�� * � , ���?*�� * � , , ® inmYlÃqC_A� ��� �,+ ��� �ya�x"�fx	z6c�a�c�{bx�mYghc �hghc�~<qClpeÆq�-�tx	a[inlpmYo c�{bxÛadc#q<c�x
apc�l�x	qCo.+
6��2�bx���_befc�etmY_Ru � + � efaÁq B ���9�  ��@A # � # l�x"�tq<c�efmY_EuF��x	z�q<gba�x ��� +(' u ��� � u � � � ' u� � +� u��hqC_�� �� � qCl�x�c�etoÁx �Yg�qCl/�bx"��+[wym�ap{bm�$ c�{�q:c � + �.eta[c�mCc#q��$°x�mYghc��tef_bx°c�{hx �hl�m�mCiinmYl�c�{bxHx �\etadc�x-_bz	xHmCiÛq;� �\x"� �MmCet_AcPmCi�c�{bxHq��MmN~YxI�bx���_beÌc�etmC_ inmYlPqCl/�befc�l�qCld� adc#qCldc�et_-�
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apc�q<c�x"qC_���et_-�bghc5+ � a�c�{hx"z	mYo3��mYa�x4��l�x"�tq<c�efmY_rgh_��bx	l�c�{bxÛinx-x"���bqCz#s�m9��x	l�q<c�mYl �bm�x	a�_bm<c
et_Ac�l�m��bgbz	x"q!�bx"�tqN� � ) �hu\c�{bx"x �\etapc�x	_bz-x�mCiyq&� �\x"� �MmYef_Ac�eta°_bmCc'�Yg�q<l�qC_Ac�x-x"� q!�blpetmYlpe +
^`_badc�x�q��Euvefc�efa qÁz-mY_ba�x4��gbx	_bz-x�mCi>c�{hxK�hl�m9��x	ldc�etx-a mCi � � + qC_������ � +

� A-!@!��"� ! A B > � ���<��C�B ���O� � !��H@ ��� � # � !�� ��B
�/efl�apc	u $°x �blpmN~Yx+c�{�q:c�a�mYoÁx�c�etoÁx � )�� ��q<a�a�x-aI�Mx6c%$°x-x	_ c%$�m2�betapz	lpx-c�x+oÁmN~Yx-a ���
c�{hxrz	mCo!�bet_bq<c�efmY_�q�?��qClpc�mYl�c�{bx.x	_A~�etlpmY_boÁx	_Ac5+ � �MmN~Yx<u�$�x1�bx-orqC_-�bx"� c�{�q<cãc�{bxÁa�x6c

 � � � � � � mY_ $ {hetz#{ � � + efa�_hmCc}e����tx$etaãc�m9��m9�fm9�Yetz	q���Ì� z"�tmCa�x"��+�w�{bx-l�x6inmYl�x<u 

eta$q��ta�m+z4�tmYapx"�2$ efc�{�lpx	a/�Mx-z-cÁc�m+c�{bxHef_��bgbz-x"��a�g��ba/��qCz-x c�m9�Mm�tm9�C� mY_ *�� � ��� � ,��

 � � ��� * *)��� � , # � ��� � � % � , � ��_��A�Y��� + 0�m�$ a�g��-�MmYapx 
 � eta qC_�mCghc �bg\cÛmCi ��� + inmYl c�{hx�z-gbl�lpx	_Ac
et_-�bghc �ÃqC_���c�{hxK�tq<c�z#{hx"� apc#q:c�x 
�q<c�c�etoÁx�� � *na�x-x �ye��Ygblpx  -+ �<,�+ ��l�mCo c�{hxÈl�x	adc�lpetz-c�etmY_ha
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�/e��Ygbl�x  -+è� � G°mYo��hghc�ef_��Pc�{bx�oÁet_beforq� �bx4�Æq��9+
$�xPeto3�MmYapx"��mY_ ��� + $°x�s�_hm
$Tc�{bq<c"eÌc"o}gbadc ��x}e����fxãinmCl 
 � qC_���c�{bxPz-gbl�lpx	_AcÈet_-�bghc�ue + x+Ìu8* � ��
 � , "� 
3+���� + $ e�����l�x-orqCef_�e����fxÈqCa'�tmC_��$qCa�efc�a�et_��hghc�a�inlpmYo c�{bx�x	_A~�etl�mC_bo.x-_Ac
qC_�� c�{bx�inx-x"���bqCz#s �tm�m9��qCl�x�_bmCc"ef_ 
�+�E x	_hz	xCu $�x}o}ghapc �bx6c�x-l�oÁet_bxK$ {bx	_�
 z	qC_ ��x
l�x	qCz#{bx4��_bx ��c"+ � a�c�{bx�et_��bg\c�adc�lpx�qCo �8efa �hetx	z-x4$ efa�x�et_-��_hefc�x4�f��a�oÁm\mCc�{EuAc�{bx-l�x o}gbapc ��x
qrc�efo.x�� ± ) � � uEa�ghz#{ c�{bq<cÈefc"x-~Ym�f~Yx-a�z	mY_Ac�ef_�gbmYgba/�f��inlpmYo _bm�$ g��+c�m � ± +}�"gbx�c�m�efc�al�x-a�m9�Ì~<q�be��fefc`�Cu:c�{bx qC_�q�fm9����q<lpcJo}gbadc�{�q�~Yx�q�� �\x"� ��mYet_Ac � inmYlyc�{befa[et_��hghcJqC_��$adc#qCldc�et_-�
apc�q<c�x 
 � +Jw�{befa � �\x"� �MmYef_Ac�q�tapmÁefa qPz	mY_Ac�ef_�gbmYgba ingb_bz6c�etmC_ + G°mY_badc�l�ghz-c�ef_��Pc�{bxãet_A~Cx	l�apx
eto.q�YxÛmCi 
 inmYl�c�{bx � �\x"�.�MmYef_Ac mCi���� � q<_�� c�{bx�et_��hghc apc�l�x�q<o g�� c�m � ± ��etx4���ba�qPa�x6c
�$c�{�q<c°eta�z4�tmYapx"��$�+ l"+ c5+�� � + * *�� � � , , � � � � � � ± ,6u\a�et_hz	xÛc�{bxÈet_��hghc�qC_-��c�{bxÈq<_�q�tm�!��qCldc � amYghc��bghcÁqClpx�z	mY_Ac�et_�gbmYgba}ingh_bz-c�etmY_baPg-� c�m � ± + � a � � eta�_bmCc$et_ c�{beta�a�x-c.qC_-� c�{bx�a�x6cetaÛz"�tmCa�x"� $�+ l"+ c5+ � � � � � ± ,ku�$°x �Yx6cÈc�{�q:c"c�{bxP_hx ��cK�betapz	l�x6c�xPoÁmN~Yx$z�qC_h_bmCc���x!�Mx-lpinmYlpo.x4�
��x-inmYlpx�� � , � � � + � � ª + � � ª � ® � � ± ® ) � � + * + � � ª � ® x �\etadc�a	u��Mx-z�qCgbapx �+efaH��mYgb_��hx"�inl�mCo ��x"�tm�$'qC_��Hz"�fmYa�x4� +',

""_.c�{hx ef_�c�x	ld~Cq�� � � � � � � , � � ,[c�{bx'� �\x"����mYef_�cÃmCi ��� � eta�q�� �\x4���MmCet_AcÃmCi � + �8u��Mxk�z�q<gba�x�� � + q<_���� � +� q<l�x c�{bx"e��bx	_Ac�eÌc`�$c�{bx-l�x+ � �����f��ef_���c�{beta°qCl��Ygho.x-_�c°et_��hgbz-c�ef~Yx4�f�
$�x��Yx-c�qH� �\x"� ��mYet_Ac�inmYl � + �HmY_rc�{bx"ef_�c�x	ld~Cq�� � � �
	 �
 % � � 
<,JinmYl�x-~Cx	lp�ret_beÌc�etq��apc�q<c�x'
 � +^§i�	 �
 % � � 
 �bef~Cx	l/�Yx	a-u $�x${�q�~YxÁq��blpm9�Mx-l�� �\x"�#�MmCet_AcÈmCi � + �0+ "Ûc�{hx	l/$ efa�x!$�x${�q�~YxÁq
� ��� !ãx �\x-z	ghc�etmY_EuMc�{bx�z	mYo!�het_�q<c�etmY_bq� ��qClpc8�Mx-lpinmYlpo.a et_-�b_befc�x"�f�Ho.qC_A� �betapz	lpx-c�x�o.mN~Yx-a
$ efc�{bet_.q ��_befc�x ef_Ac�x	ld~<q� +?E x-_bz	x<uhefcÃefaÃ_hmCc°lpx�q�fe �	q���tx�+ � a�g �.z-etx-_�c°z	mY_-�befc�etmY_PinmYlJl�x	q�Ì�
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a���x	z6c�c�m�c�{hx$qC_�q�fm9����qCldcÈc�{bx-_+c�{bxPz-mYo���mY_bx-_Ac��bx"�fef~Yx-l�a�q�lpx�qCapmY_�q���fxCu8e + x�+fuMet_-��_hefc�x
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hierarchic node
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(hierarchic) Node
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1pex1pa exit
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Semantics of the 
hierarchic node
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