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P+Q�`�\gfo`OQ(der^��flQ�`�\|Z]`�\¨d�Zhf i Q(n|Le_Vn�f�,>flU[`e_a` i Q�f¨YWU[P+U«\gQ�XOr^fof^_a`�\oU[`�\grl_ i XOUW\^f/.À¢1 ,QH\^\gQ�f^UWP+dOY[U«��n�Z]\gUW_a`
i _aU«\D0�\^r^Qjn�ZhdOZh�OYWQ i Q i _a`O`OQ�rcXe`OQ��7_a`O`eQ�der^� i U[nH\gUW_a` i Q�fc_a` i Q�f¨Zhn�_aXOft\gUW�mXeQ�fcd{_aXercYWQjP+_ i N�Y[Q i Q�f
����X�Z®\gUW_a`Of i Q�voZ �mUWQ�rºTm\^_ �hQ�f�¢�£�Zyf^UWP+dOYWUW��n�Z]\gUW_a`+dOrlU[`On�U[dOZhY[Q i X©P+_ i N�YWQMr^Q�d{_hf^QMf^Xer�YÄZyn�_a`Ofl\^r^XOnH\gUW_a`
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E 	 ��F �Vµh²8GIH � �$� ²���KJ �LG>¶w�¤vo_aXef¨f^_hXOL�ZhU«\g_a`ef¨r^��ZhYWU[flQ�r��>9�P+_aUW` i rlQ(n�_h§e\��7XO`�fln|LO��P#Z�QHpVdOYWUWn�U«\gQ
�OU i UWP#Q�`Of^UW_a`O`eQ�Y i%� _hr i rlQ-M!NPORQIM#SUTVOXWZYAWZ[AW]\�^�^�^�_:`,Q�`-�h_aY[XeP#Q�fo��`eU[f�dOrl��f^Q�rl�]Zh`�\on�Q�\c_ar i r^Q:*

; d7_aXOrMXO`-P+_ i N�YWQ�YWUW`O��ZhUWr^Q�_aX`O_a`-YWU[`O��ZhUWr^Qjf � ��n�r^U«�hZ]`�\+*
aVb
a�c N

aed Q b `
a�f N ahg Q b `

aLi jlk Q c W f W i ` , �8.
_
monpQ c W f W i `�Q�fl\cXO`OQ�n�_aP+d7_afgZ]`�\^Q i X-�hQ�nH\gQ�XeroUW`On�_h`O`�X b i Q i UWP+Q�`OflU[_a`rq�¢

d Q�\ g fl_a`�\oYWQ�f�\gQ�r^P+Q�fcn�_h`��hQ�nH\gU«� f
k Q c W f W i `,Q�fl\oXO`\gQ�rlP+Q�fl_aXOrln�Qjn�_a`e`mXÍ¢N n�_h` i U«\gUW_a`Of i Qj�{_ar i fMd7_aXOrM� Q�rlP#Q�r�Y[QjdOrl_a�OYWN�P+Qh¢

; flXOr�XO`�P#ZhUWYWYÄZh�hQºft\grlXOn�\^XOr^� i Q¡��X�Z i r^Zh`O�aYWQ�ftsvu$d�Z]f�� _hr^n���P+Q�`�\;rl���aXeY[UWQ�rlf$_aXLw]Q�\�_art\gLO_h�a_a`�ZhXmpÍ¢
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; £¤QjP#ZhU[YWY[Zh�aQ Q�ft\o�VpeQ]¢�u Y¤` � ���a_hY[XOQ�d�ZhfcZhX-n�_hXOr^f i X\gQ�P#def�¢
; £¤Q�f�P+_aYW��n�XOY[Q�fofl_a`�\o�VpeQ�f�¢7 �Y[YWQ�fc` � ���h_aY[XeQ�`�\¨dOZhfcZhXbn�_aXOrlf i X-\^Q�P+dOf�¢
;  ,L�Z]�mXeQyn�_aP+d7_afgZ]`�\^Q-npQ c W f W i ` i Q b Q�fl\,XO`OQ¨� _a`en�\gUW_a`	��
,�mn � Q�ft\ 9 i UWr^Q]�Vd7_aXe�]Zh`�\,f^QyY[ZhUWf^f^Q�r
ZhdedOr^_mn|LOQ�r�YW_Vn�ZhYWQ�P+Q�`�\od�ZhrMXO`-d{_hYWkm`��aP+Q i Q i Q��ar^� M , � _arlP(XOYWQ i QjK;Z�kmY[_hr/.H¢

; d Q b `&Q�\ g Q b `&fl_a`�\ i Q�fM� _a`OnH\gUW_a`Of�� 
 d�Zhr�r^ZhdOd7_arl\�9�n|L�Zh��XOQjn�_aP+d7_afgZ]`�\^Qpn�Q c W f W i ` i Q b ¢
E @ ¶ �� �$� �������°� ²��{£¤Q¨dOrlQ�P+U[Q�rMd�Zhr^Zh�argZ]dOLOQ¨Q�fl\�n�_a`OfgZ]n�r^� 9(YÄZ i Q�f^n�r^UWde\gUW_a` i QyY[Z(P+��\^LO_ i Q

Xe\^U[YWU[fl��Q���XOU¤f^Q i ��rl_aXOYWQjQ�`-R#deL�Zhf^Q�f+*
; Y[Z ,>r^Q .tn�_a`Ofl\^r^XOnH\gUW_a`Bd7_aY«km`��aP+UÄZ]Y[Q]¢
; YWQjn�ZhYWn�XOY i X-¹�Xmpn�_a`��hQ�n�\^UW�w¢
; YWQjn�ZhYWn�XOY i X-\^Q�r^P+Qjf^_hXOr^n�Qh¢
; Y � Z��]Zh`On���Q�Q�`\gQ�P#def�¢£¤Qjf^Q�n�_a` i d�ZhrgZ]�argZhdeLOQy\gr^ZhUW\^Q i QjYÄZ+P+U[flQjQ�`B_mQ�XV�VrlQjU[`e� _hr^P#Z]\gUW��XOQh¢�u Y¤flQjn�_aP+d7_af^Q:*
; i%� XO`bZhYW�a_ar^U«\gLeP#Q �mUWfgZh`�\cXO`-P#_hU[` i r^Q \gQ�P#def i Qjn�ZhY[n�XOY>¢
; i%� XO`OQjQ�fl\gUWP#Z]\gUW_a` i QjY � Q�fld�Zhn�Q�P+��P+_aUWr^Qjr^Q���XOU[fcd�Zhr�_ar i r^Q]¢
; i%� XO`OQjQ�fl\gUWP#Z]\gUW_a` i X-\^Q�P+dOf i Qjn�Z]Y[n�XOY�d�ZhrM_ar i r^Q]¢
; i%� XO`OQ �h��r^U«��n�Z]\gUW_a` i Q�fc_ar i rlQ�fcZ]\l\gQ�UW`�\gf�¢
; i%� XO`-n|LO_aU p i%� XO`b_hr i rlQ d{_aXercn�_a`�\gUW`�XOQ�rcY � ��\^X i Q]¢£¤Qo\^r^_aUWf^UWN�P+Qyd�Z]rgZh�ar^ZhdOLOQoQ�ft\�_arlU[Q�`�\^�yf^Xer,YWQo\gr^ZhU«\gQ�P+Q�`�\ i Q�f�n�_a` i U«\gUW_a`Of i Q¨�7_ar i f,��XOU%Z]P#N�`OQ¨Xe`OQ

dOrlU[flQ�Q�`bn�_aP+de\gQ i Q:*
; Y[Z i ���a��`O��rlQ�fln�Q�`en�Q i Q�foP+_aYW��n�XOYWQ�f�¢
; Y � UWP+dOYW��P+Q�`�\|Z®\gUW_a` i Q�fon�_a` i U«\gUW_a`Of i Qj�7_ar i f�¢
; Y[Z©dOr^��f^Q�rt�]Z]\gUW_a` i Q�Y � _ar i rlQh¢£¤Qy��X�Z]\^r^UWN�P+Q d�Zhr^Zh�argZ]dOLOQyQ�fl\�XO` i ����ZhYWYÄZ]�aQ i Qyn�Zhf�\gQ�fl\gfMflXOr�YWQyflkmft\gN�P+Q i Q�fM����X�Z]\gUW_a`Of iÍ�  �XOYWQ�r�¢

£¤QjdOr^Q�P#UWQ�r�Q�fl\oQ�¬{Q�n�\^XO� i Zh`Of�YWQ�n�_a`�\gQÀpV\^Q i Q�f�L�kVd7_h\^LON�flQ�f¨n|Le_aU[flU[Q�f��7Y[Q�fcZhXe\grlQ�f�`O_a`Í¢[¢W¢
; _a` i Q i Q i Q�`OflUW\^�h¢
; \^XO�{Q:9©n|LO_mnh¢
; ��n�_aXOYWQ�P+Q�`�\ofl\gZ]\gUW_a`O`OZhU[rlQh¢£¤Q i Q�rl`OU[Q�rd�ZhrgZ]�argZhdeLOQ�\gr^ZhUW\^Q i Q�fn�_a`On�YWXOflU[_a`efbQH\ i Q�fd{Q�r^fld{Q�n�\gU«�aQ�fB��XOQ�n�Q'\ kmd7Q i Q'fln|LO��P#Z

ZhdOd7_art\gQZhUW`Of^UM��XOQ i Q�f#rlQ�P#Zhrl�mXeQ�f _h�Of^Q�rl�a��Q�f�Y[_arlf i%� Q�f^f^ZhU[f#`�XOP+��rlU[��XOQ�f Q�\#��XOU i Q�P#Zh` i Q�rgZhUWQ�`�\
i%� 0�\^r^Qj��\^X i UW��Q�fodOYWXOf�Q�` i ��\gZhU[YWf�¢

� � � � � "%$)"�� "�� ���
q$_aXer i ��n�rlU[rlQjYÄZ�P+��\^LO_ i Qh��`O_hXOfM��n�r^U«�a_a`Of>Q O8`&d{_hXOr q j Oh�en � Q�ft\ 9 i U[rlQh� i Z]`Of�Y[Q n�ZhfM_Xm b ` � Z

��X � XO`OQ�f^Q�XeY[Q�n�_aP+d7_afgZ]`�\^Qpn�Q c W f W i `H¢
a n
a�c N

aed Q n `
a�f N ahg Q n `

aLi j k Q c W f W i ` ,Ð�
.
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vo_hXOfM��n�r^U«�a_a`Of>Q Y
`&Q�`-U[`�\^���ar^Zh`�\�Y � ����X�Z]\^U[_h`bQ�`�h_aYWXOP+Q�f���`OUWfMf^XOr�n|L�Zh��XOQj��X�Z i rgZh`O�hY[Qvsvuon�_a`Oft\gU <
\gXOZh`�\�YWQ�P#ZhU[YWY[Zh�aQ QH\©`O_aXef(Xe\^U[YWU[fl_a`Of©Y[Z-� _arlP(XOYWQ i Q 1 rlQ�Q�`9d{_aXer�\gr^Zh`Oft� _ar^P+Q�r�Y � UW`�\^���ar^Z]\gUW_a` i Q�f
\gQ�r^P+Q�fcn�_h`��hQ�nH\gU«� f¨Q�`-XO`¹�XVpflXOr�Y[Qj�7_ar i a svu i X-��X�Z i r^Zh`O�aYWQ s u8*

������� a n
a�c�� f � i N �	�
����� Q n W�� ` ��� j ������� k Q c W f W i ` � f � i ,Ô�X.

_Xm � Q n W�� ` j d Q n ` ��� N g Q n ` ���
Z��hQ�n�� j Q ��� W ��� `,Q�fl\oYÄZ©`O_hr^P#ZhYWQ�YW_mn�ZhYWQ XO`OU«\|ZhUWr^QjQÀpV\^��rlU[Q�XOr^Q(ZhX�mXOZ i rgZ]`O�aYWQ>svu ^

vo_hXOfy`O_aXef dOr^_ad7_afl_a`Of i Q©rl��fl_aX i rlQ Q [X`c`O_a`'d�Zhf Q�`'r^Q�n|LOQ�rln|L�Zh`�\�YÄZ � _a`en�\gUW_a`UnpQ c W f W i `¨Z]X'n�_aXOrlf
i X�\^Q�P+dOf c j ��� c `O_h\g�¨ZhYW_ar^f n��LQ f W i `À�VP#ZhUWf�Q�`��H�]ZhY[XOZh`�\ 9�XO`�_ar i r^Q M N Oyf^Z(�]ZhY[Q�XOr�P+_ kaQ�`O`OQ
f^Xercn|LOZh��XOQ���X�Z i rgZh`e�aY[Q svu¨��XOQj`O_aXefc`e_h\gQ�r^_a`Of�QH\ i ����`OUWr^_h`Ofon�_aP+P+Q�flXOU«\ *

�n �u j O� �"!$# Q svu ` ��� ��� n � Q f W i ` � f � i ,>RK.

q$_aXerM_a�e\gQ�`OUWr�XO`OQ¨\^Q�YWY[Q der^��n�U[flU[_h`-flXOr �n��u �VU[Y{Q�ft\M`O��n�Q�flfgZhUWr^Q]� iÍ� Zhder^N�f QI\V`À� i%� Z��a_aUWr�f^Xer�n ��Q f W i `
Q�\jflXOr n|L�Zhn�XO` i Q�f \gQ�r^P+Q�f i Q QI[X`¨XO`eQ©���]ZhYWX�Z]\gUW_a` 9�Y � _ar i r^Q M7N Oh¢%£�Z i ��P#Zhrln|LOQ+dOr^_ad7_afl��Q©Q�ft\
i ��n�r^U«\gQ i Zh`efcYWQ�f���X�Z]\^r^Q�fo�H\|Zhd7Q�f�f^XeUW�]Zh`�\gQ�f�¢

%'&)( *,+.-�/10 243�5�6 -73�89/10;:</1=9>?0 @1AB8C+1=9D
u Y�Q�fl\&f^XedOd{_hf^� i Zh`OfºY[Q�f&L�kmd7_h\gLON�f^Q�f���X � 9 \g_hXe\¡\gQ�P+dOf c j ��� c ��n � Q f W i `�d7Q�Xe\�0H\gr^QcQ�ft\gUWP+�oflXOrn|L�Zh��XOQ���X�Z i r^Zh`O�aYWQ s ucn�_hP#P+Q�XO`-d{_aY«km`��aP+QjY[_mn�Z]YFEG�u Q f W i ` i Q i Q��arl� MB¢

H Q f W i ` S s u8W n � Q f W i ` j E �u Q f W i `{NJIRQ � 
FK�L ` , )
.
_Xm � Q�fl\oY[Qjd�Zhf iÍ� Q�f^d�Zhn�Q(P+_ kaQ�` i X-P#ZhU[YWY[Zh�aQh¢

£¤Qjd{_aY«km`��aP+Q<EG�u Q f W i `�Q�fl\cn�ZhrgZhnH\g��r^UWf^��d�ZhrNMPOQM �PN Ojn�_mQ
R#n�UWQ�`�\^f 9 i ��\^Q�rlP#UW`OQ�r+?�_Xm�*
MPOQM �PN O j Q M!NPO `+QIM N YX`

Y ^ ,Ô�X.
voQbn�_a`e`�ZhUWf^fgZ]`�\��mXeQ�Y[Q�f �]ZhYWQ�XOrlf�P+_³khQ�`O`eQ�f i Q n �LQ f W i `À�¡U[YcQ�ft\�Y[���aU«\gUWP#Q i Q i Q�P#Zh` i Q�r���XOQ�YWQ
d7_aYWkm`��hP#QSET�u Q f W i ` i ����`eU�f^XOr©n|LOZh��XOQ���X�Z i r^Zh`O�aYWQ s u#ZhU«\©f^ZB�hZ]Y[Q�XOr©P+_³khQ�`O`eQ �ET�u9U u ����ZhYWQ&9�Y[Z
�]ZhYWQ�XOr�P+_ kaQ�`e`OQ �n��u f^XercYWQj��X�Z i r^Zh`O�aYWQ s u8*

�E �u9U u j O�V�W!X# QIs u ` ����� � Etu8Q f W i ` � f � i j �n �u , *
.

£ � ����X�Z]\gUW_a` Q"YX`�`OQ�d{Q�r^P+Q�\on�Q�d{Q�` i Zh`�\o��XOQ i Q i �H\gQ�r^P+U[`eQ�r¨Xe`Bn�_mQ
R#n�U[Q�`�\ i Xbd{_aY«km`��aP+QZEG�u Q f W i `
f^XercYWQ�f MPOQM �PN Ojr^Q�n|LOQ�rln|LO��f�¢Íu Y%�>ZhXe\ i _a`Onj\gr^_hXe�aQ�r iÍ� ZhXV\gr^Q�fo����X�Z]\gUW_a`Of�d7Q�rlP#QH\^\gZh`�\ i Q i �H��`OUWr
dOYWQ�UW`OQ�P+Q�`�\�n|LOZh��XOQ d{_hYWkm`��aP+QTET�u Q f W i `À¢eq�_aXOr�n�Q¨�>ZhUWr^Q]�V`O_hXOf i �H��`OUWf^fl_a`OfcZhXe\^_aXOr i Q¨n|L�Zh��XOQ ��X�Z <
i r^Zh`O�aYWQ>svu ��XO`OQ�P#_hY[��n�XOYWQ�_aXbfl\gQ�`On�UWY>�{n�_a`Ofl\^UW\^XO��Q i Q,M k\[ uT]^M_OQM �}�mXOZ i rgZ]`O�aYWQ�f¨der^_mn|LOQ�f i Q

xzy�Å{xz|



)

svup,��;u 1 ¢�� .À¢
���m� � ��%� ���  ,_aP+de\^Q�\gQ�`�X i X�{_hr ii X i _aP#ZhUW`OQh��YWQ�`O_aP��Or^Q i Q���X�Z i rgZh`e�aY[Q�f�n�_a`Oft\gU«\gX�Zh`�\#YWQ
fl\^Q�`On�U[Y&` � Q�fl\(d�Zhf�Y[Q�P 0�P+Q�d{_hXOr�\^_aXOf�Y[Q�f(��X�Z i r^Zh`O�aYWQ�fps u iÍ� _Xm�YÄZb`O��n�Q�f^flUW\^� i Q��>Z]U[rlQ�d7_arl\^Q�r�9M k [ Y � U[` i U[n�Qo�jd7_aXOr�f^Q�r^ZhdOd7Q�YWQ�r¡XOY«\g��rlU[Q�XOr^Q�P+Q�`�\���XOQ M k [ u&d7Q�Xe\ºn|L�Z]`O�aQ�r i QM�]ZhYWQ�XOr¡flQ�YW_a` Y[Z f^U <\gXOZ]\gUW_a` �h��_aP+��\^r^UW��XOQ i X���X�Z i r^Zh`O�aYWQ svu,n�_a`Of^U i ��r^�h¢eq$_aXer&Y � LeQ�XOrlQh�m`O_aXOf&n�_a`OflU i ��r^_h`Of��As u,n�_aP+P+Q
XO`��mXOZ i rgZ]`O�aYWQ¨YW_aU[` i Q�f&�{_hr i f i X i _aP#ZhU[`eQ¨Q�\&`O_aXef&rl_aXe�mr^UWr^_a`ef,n�QH\^\^Q¨d�ZhrlQ�`�\gLeN�f^Q¨ZhX dOZhrgZh�hrgZhdOLeQ
R+Y[_hr^f i X\grgZ]UW\^Q�P+Q�`�\cf^d7��n�UW����XOQ i Q�fc�7_ar i f�¢

NST0 =4D=1

Q0

Molecule

Ql

D=2 NST0 =8

Ql
Q0

Molecule

NST0D=3 =12

Ql
Q0

Molecule

=24D=4 0NST

lQQl
Q0

MoleculeMolecule

0Q

�����
	����������������������� ��!"�$#&%�'�(

�
) �+*���,-*/.+0����21

�
3�4 ����,5��.+� �6�7�8�������"�6�7.:9;,-*/���/	

Å�Å ÒEDGF�H.I�H



� ���������
	���������������������

ª Y � U[`efl\|Z]r i QRQ"Y:`H��`O_aXef i Q�P#Zh` i _h`Of¨��XOQ�YÄZ©�]ZhYWQ�XOr�P+_ kaQ�`e`OQ �ET�u9U�� i XBd7_aY«kV`G�aP+QZET�u Q f W i `,flXOr
n|L�Zh��XOQ���X�Z i r^Zh`O�aYWQ s�� i Xbft\gQ�`On�UWY�Zhf^fl_Vn�U[��ZhX-��X�Z i r^Zh`O�aYWQ s u��a��r^U«��Q�YWQ�fcr^Q�YÄZ®\gUW_a`Of+*

H�� S 4 OXW M k [ u 6 W �E �u9U�� j O�V�"!$# Q s�� ` ��� � 3 E �u Q f W i ` � f � i j �n�� ,��X.
ª �aQ�n(Y[Q�fy����X�Z]\^U[_h`Of¨n�_a`�\gQ�`�XOQ�f i Zh`OfpQ�	K`MQ�\¨d�Zhrln�Q(��XOQ M k [ u Q�fl\ i Zh`OfoYÄZ#P#Z®st_ar^U«\g� i Q�fon�Zhfo�OUWQ�`f^Xed{��r^UWQ�XOr 9,M_OQM �+�O`O_aXOf�Z �h_a`Of�\^r^_ad iÍ� ���mXOZ]\gUW_a`OfMd7_aXOr i ��\^Q�r^P+UW`OQ�rMYWQ�fNM_OQM � N Oyn�_VQ R�n�U[Q�`�\gf
i X�d7_aYWkm`��hP#Q ET�u Q f W i `H¢1 � Q�fl\�d{_hXOr^��XO_aU>�%dOYWXe\ �h\j��XOQrQ�	K`À�%Q�ft\�n|Le_aU[flU[Q+XO`eQ#P+UW`OUWP#UWfgZ®\gUW_a`�dOZhr Y[Q�f
P+_aUW` i r^Q�fon�Zhr^rl��f i QjY[Z©� _h`On�\^U[_a`e`OQ�YWY[Q�
 f^XOU«�]Zh`�\gQ:*


 j
% ' (

�
� �� L�� u9U�� Q �E �u9U�� 9 �n �� `�� ,Ô�X.

_Xm � u9U��%Q�fl\cXO`-d{_hU i f�d7_af^U«\gU«��d7_aXe�]Zh`�\�d7Q�rlP#QH\^\^r^Q i Q \gQ�`eU[r�n�_hP#dV\gQh��dOZhr�QHpVQ�P+dOYWQ
*; i Q�Y[Z'dOr^_�pVUWP#U«\g� i X��X�Z i rgZh`O�hY[Q s��,d�Zhr(rgZhdOd7_art\#ZhX ��X�Z i r^Zh`O�aYWQ s u+Q�` i �H��`OUWf^fgZ]`�\ � u9U��n�_aP+P#Q3��\gZh`�\BY � U[`��aQ�r^flQ i Q3YÄZ i UWfl\gZh`On�Q�Q�`�\grlQ�YWQ���ZhrtkVn�Q�`�\grlQ g u i X@��X�Z i r^Zh`O�aYWQ s uBZhX
��Z]rlkmn�Q�`�\^r^Q g � i X-�mXOZ i rgZ]`O�aYWQ>s�� ,Ô·Bx�� .C?

; i Q¨Y � U[P+d7_arl\gZh`On�Q i Q�f�ZhU[rlQ�f i Q�f�n�Q�YWY[XOYWQ�f�Z]dOd�Zhrt\gQ�`OZh`�\�ZhX�ft\gQ�`en�UWYÍQ�` i ����`OUWf^f^Zh`�\ � u9U�� n�_aP+P+Q�H\|Zh`�\cY � ZhUWr^Q i X��X�Z i r^Zh`O�aYWQ-s�� ,Ð·Bx¨�X. ?
; i Q�f i Q�XVp-U«\gQ�P+fodOrl��n�� i Q�`�\^f¨Q�` i �H��`OUWf^f^Zh`�\ � u9U��%n�_aP+P+Q��H\|Zh`�\cY � ZhUWr^Q i Q s��%f^XOr�Y[Z i U[ft\|Zh`On�QQ�`�\^r^QjYWQ�fc��Zhrlkmn�Q�`�\grlQ�f i Q s uoQ�\Ds���,Ð·Bxo�K. ?
; _aXj�OUWQ�`�Q�`V��`%� i%� XO`OQ¡P 0�P+Q¡U[P+d7_arl\gZh`On�Q&Z]n�n�_hr i ��Q 9�n|LOZh��XOQ&��X�Z i rgZh`e�aY[Q i Xjft\gQ�`en�UWY * � u9U�� j O
,Ô·BxoRV.À¢

q$_aXerMZhYWY[Q�r�dOYWXOf�YW_aU[` i Zh`Of�Y[Z(rl��f^_hY[Xe\^U[_h` i Q Q��X`H�mU[Y{Q�fl\,\gQ�P+dOf i Q i �H��`OUWr�dOYWXOf�QHpVdOYWUWn�U«\gQ�P+Q�`�\oYWQ
d7_aYWkm`��hP#Q<ET�u Q f W i ` i Q i Q��ar^� MB¢�xc`OQjQHpVdOrlQ�f^flU[_h`%�>9©dOrlQ�P+UWN�r^Qj�mXOQ�ZhYÄZ]P(�OUW��XO��Q]�7Q�fl\oYÄZ©flXOUW�]Zh`�\^Q
*

E �u Q f W i ` j �n �u N %���%����  L�� � u�� ����� u�� � Q f W i ` 9 � � u9U u�� �! , � �K.
Z��aQ�n:*

� u�� � YWQ�f�MPOQM �}UW`On�_a`O`�XOQ�fcr^��Q�YWY[Q�f i Xbd7_aY«kV`G�aP+QZE �u Q f W i `
� u�� � Q f W i `,YWQ�f#" P+_a`��hP#Q�f i Q��OZhf^Qjn�_h`Ofl\^UW\^X�Zh`�\¨YWQjd{_hYWkm`��aP+Q:*7E �u Q f W i `

� u�� � Q f W i ` j Q f 9 f u `%$ �'&(�') Q i 9 i u/`�* �'&+�,)� � u9U u�� � Y[Z��hZ]Y[Q�XOr�P#_ khQ�`O`OQ i Q � u�� � Q f W i `,f^XOr�YWQj�mXOZ i rgZ]`O�aYWQ-svu8*�� u9U u�� � j O�V�W!X# QIs u ` � ����� � u�� � Q f W i ` � f � i
_Xm
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f^Xer s��%d7Q�Xe\D0H\gr^Q i ��n�_aP+d7_af^� i QjY[Z+P#Zh`eU[N�r^Qjf^XOU«�]Zh`�\gQ:*
�� u9U��(� � j

O�V�W!X# QIs�� ` ��� � 3 � u�� � Q f W i ` � f � i
j

O�V�W!X# QIs�� ` ��$  L
� ���

( $ � u�� � Q f W i ` � f � i�� , � *X.

£¤Q(\grlUÄZ]`O�aYWQ i Q�rl��� ��r^Q�`en�Q [ !X#�� d{Q�Xe\ 0H\gr^Q�\grgZ]`Ofl� _arlP+��Q�`�\^r^U[Zh`O�aYWQ [ � d�Z]r¨Y � ZhdedOY[UWn�Z®\gUW_a`'Y[UW`O��ZhU[rlQ��� 1eQ! �W#"�`%$& Q f7� Q! �W#"�`CW iQ� Q' W(" `�`ºf^XOU«�]Zh`�\gQ
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� O�1  " $& f OVQ' W(" `

i OVQ! �W#"�` j � f � 9 f L f�� 9 f Li � 9 i L i�� 9 i L �  " N f L 9 f ui L 9 i u , � �K.
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H � SUTVOXWZY=_VW � #+c Q ��� ` j Y �V�W!X# Q [ � `
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� � u9U�� � � j O�V�W!X# QIs�� ` �� $  L �V�"!$# Q [ � `
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� */��1�1 ��*/.�1 ��� 9;, ��*/.+0���� ���",-� � ��,-��.��6�/	 ,Ð�a�X.
2yZh`efUQ YAO8`À��UWY¨�>ZhXe\�OUWQ�`@n�_hP#der^Q�` i r^Q���XOQ Q f7� Q' ���W#"��3`CW iQ� Q! ��8W#"��3` ` `OQ�f^_a`�\r^UWQ�` i%� ZhXe\^r^Q'��XOQ�Y[Q�f
n�_m_ar i _a`O`O��Q�f iÍ� XO` d7_aUW`�\ i Q 1 ZhXOflf i Zh`Of(Y[Q#\gr^U[Zh`O�hY[Q [ � i X ��X�Z i r^Zh`O�aYWQ s��&��XOQ�`e_aXOf���n�r^UWr^_h`Of
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Q f �(� $ � � W i �(� $ � �C`yZ®��` i Q©f^_aXeYÄZh�hQ�r Y � ��n�r^U«\gXer^Q i Q�f � _arlP(XOYWQ�f 9��hQ�`OUWr�¢ ª �aQ�n#n�Q�\l\gQ+`O_h\gZ]\gUW_a`%�{QHpVdOYWU[n�UW\^_a`OfQ Y=O8` *

�� u9U�� � � j O�V�W!X# QIs�� ` �� $  L �V�"!$# Q [ � `
�� � %
	 '��  L ���vQ f � � $ � ��9 f u ` $ �,&+�') Q i � � $ � � 9 i uC` * �'&(�')  �� ,Ð�h�K.

£ � QÀpVdOr^Q�f^f^UW_a` Q Y
[
`oQ�ft\y�]ZhY[Zh�OYWQ�d{_hXOro\^_aXe\ " QH\ d{_hXOro\^_aXe\y��X�Z i rgZh`e�aY[Qps�� i X'fl\^Q�`On�U[Y$kBn�_aP+dOr^UWf
Y � QÀpV\^Q�`OflU[_h` � j �©n � Q�fl\ 9 i U[rlQ�d7_aXOr�YWQ ��X�Z i r^Zh`O�aYWQ>svucY[XOU¤P 0�P#Q i _h`O`�Zh`�\oZhYW_ar^f3*

�� u9U u�� � j O� �"!$# Q svu ` �� $  L �V�"!$# Q [ � `
�� � %
	 '��  L ���vQ f u�� $ � � 9 f u ` $ �'&(�') Q i u�� $ � ��9 i uC` * �,&+�,)  �� ,Ð�]RV.

¥y`bn�_a`Oft\|Z]\^Q(ZhYW_arlfo��XOQ � � u9U�� � � i ��d{Q�` i XO`eU[��XOQ�P#Q�`�\ i Q�YÄZ+�a��_aP+��\grlU[Q i XbP�Z]U[YWYÄZ]�aQh¢{TVU¤YWQ�P#ZhUWYWYÄZh�hQ
` � ���h_aY[XeQ¨d�ZhfºZhX#n�_hXOr^f i X+\gQ�P#def��mU[Y�flX�R+\ iÍ� Q�`��>ZhUWr^Q�f^_h`��H�hZ]Y[X�Z®\gUW_a`�Xe`OQ�f^Q�XeY[QoQ�\ºXO`OUW��XOQc� _hU[f�¢32¨Q
�>ZhU«\�� � u9U�� � � i _a`O`O��d�Zhr-Q O [X`�Q�ft\¨����ZhYWQ�P+Q�`�\yUW` i ��d{Q�` i Zh`�\ i X-\^Q�P+dOfoQ�\ i _a`On]��f^U�Y[Qjft\gQ�`en�UWY;Zhflf^_mn�UW�
9 s uc` � ���h_aY[XeQ(d�ZhfcZhXn�_aXOr^f i X\gQ�P+dOf���� u�� � � � � i _a`e`O�jd�Zhr Q O��K`�ZhXOflf^U>¢

2¨N�f,Y[_arlf���UWY i QH�mU[Q�`�\&\grlN�f,UW`�\g��r^Q�flfgZh`�\ i Qc`OQod�Zhfºr^��fl_aX i rlQyYWQoftkVft\gN�P#Q Q O��X`79�n|LOZh��XOQyU«\g��r^Z]\gUW_a`%�
P#ZhUWf i Q,ft\g_mn �hQ�r�YÄZcP�Z®\gr^UWn�Q,U[`��aQ�r^flQMflkmP+��\grlU[��XOQ ��� Lu d7_aXOr�n|L�Zh��XOQM��X�Z i rgZh`e�aY[Q s u�Z®��` i%� _a�e\^Q�`OUWr
dOYWXOf�rgZhdeU i Q�P+Q�`�\cY[Qy�hQ�n�\^Q�XOr � �u i Q�f�n�_mQ
R#n�U[Q�`�\^f i X-d7_aY«km`��aP+QGEG�u Q f W i `&n�Zhr��Of^Q�XOY>��Y[Q �aQ�n�\^Q�XOr � �u �i �H��`OU i Zh`efpQ O��X`À� i Q��mrgZ 0�\^r^Qjr^��Zhn�\^X�ZhYWU[fl��9©n|L�Z]�mXeQ�d�Z]f i Qj\^Q�P+dOf�¢� �u j � � Lu � �u ,Ð�!)X.
 �`�n�_h`Of^���mXeQ�`On�Qh�¤UW`OUW\^UÄZ]Y[Q�P#Q�`�\��ÍY[Z�n�_a`Oft\gr^Xen�\gUW_a` i Q�YÄZ#P#Z]\grlU[n�Q � u i Q�P#Zh` i Q��7Q�Z]XOn�_aXed i Q(n�ZhY <
n�XeY[fjQ�`3dOrl� < \^rgZhU«\gQ�P+Q�`�\�P�Z]U[fjXO`OQ©� _aUWf � � Lu i ��\^Q�rlP#UW`O��Q�QH\�ft\g_mn �h��Q 4Ì�:6Ô�%`O_aXOf�ZhdedOY[UW��XO_a`Of�Q Y � `H�
n�Qc��XOU�r^Q�dOr^��f^Q�`�\^QyXO`OQc��`O_hr^P+Q¨��n�_a`O_hP#UWQcQ�`�\^Q�P+dOf i Qon�ZhYWn�XOY i Zh`ef&Y[Z�deL�Zhf^QoUW\^��r^Z]\gU«�aQ i X�fln|LO��P#Z
QHpVdOYWUWn�U«\gQh¢�vc_aXOf¡Zhded{Q�Y[YWQ�rl_a`Of�Y � ZhdedOY[UWn�Z®\gUW_a` i Q Q Y � `H�]YÄZydOLOZhf^Q i Q ��mµa° $�H²�®�$µh² G °  ��°{¶ � ��7� G �O¶ ��¢
���m� � ��%� ��� TVXOrMYWQydOY[Zh` i X�ft\g_mn �]Z]�aQ U[`V� _ar^P#Z]\^U[��XOQ]�On�Qy` � Q�fl\�d�ZhfMY[Z�P#Z]\grlU[n�Q U[`��hQ�r^flQ ��� Lu �mXeU
Q�ft\�Y[ZbdOYWXOf�n�_a§e\^Q�XOflQ�Q�`�Q�fld�Zhn�Q P#��P+_aU[rlQ dOXeU[fl�mX � Q�Y[YWQ�Q�ft\�flkmP+��\^r^UW��XOQ�Q�\���XOQh��d�Zhr�n�_a`ef^����XOQ�`�\��
Q�YWYWQ�Q�fl\od{Q�Xe\�f^Q�P+��P+_arlU[flQ�rcQ�`-f^Q�XeY[Q�P#Q�`�\ *

M_O M �RQ MPOQM � NPO `
Y r^��Q�YWfcdeY[Xe\ �h\c��XOQ M_OQM � � rl��Q�YWfcd�ZhrM��X�Z i r^Zh`O�aYWQ
?

P#ZhU[f�YWQjfl\g_mn �®Zh�aQ i Q�f � u9U�� � � ��Xe\^U[YWQ�f 9©YÄZ©rl��ZhnH\gX�ZhYWUWfgZ]\^U[_a` i Q � �u ����XOU¤fl_a`�\oZhX`O_aP(�er^Q i Q
*
M k [ u ��M_OQM �.] MPOQM � � rl��Q�Y[f�d�Zhr���X�Z i rgZh`O�hY[Q �
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£�Zn�U[rln�XOY[Z]\^U[_a` i Q � Q n W�� `¨Z]Xe\g_aXer i X���X�Z i r^Zh`O�aYWQ s u i _a`e`O��Q i Z]`Of�Q [X`¨Q�fl\ i ��n�_aP+d7_af^��Q+Q�`

Y[ZBf^_aP+P#Z]\^U[_a` i Q�RBUW`�\g���argZhYWQ�f©d7_art\|Zh`�\�f^XOr�YWQ�f(RBUW`�\^Q�rt�>Zhn�Q�f i r^_aU«\gQ�f(��XOQ svu©r^��ZhYWU[flQ�Z��aQ�n Y[Q�f�R
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��X�Z i r^Zh`O�aYWQ�f s � �h_aU[flU[`ef��|� _art\gf��³¢
� �
����� Q n W�� ` � � j

���  L
� �7�

�
�
�

� Q n W�� ` ��� ,Ð�h�K.

q$_hXOr�ZhYWYWQ�r�dOYWXOf$Y[_aUW` i Z]`Of�Y � QÀpeder^Q�flf^UW_a`rQ Y �X`H�®`O_aXOf$n�_a`OflU i ��r^_h`Of���XOQ � Q n W�� `�f � QÀpVdOr^UWP+QMf^XOr$n|L�Zh��XOQ
��X�Z i r^Zh`O�aYWQ s u-n�_hP#P+Q�XO`�d7_aYWkm`��hP#Q�� u�Q f W i ` i Q i Q��ar^����XOQ�Y[n�_a`O��XOQ3P�Z]U[f i _a`�\Y � Q�r^rlQ�XOrQ�ft\
\g_hX]st_aXOrlfcQ�` IRQ � 
FK�L `À¢� Q n � Q f W i `CW�� ` j � Q E �u Q f W i ` W�� ` j � �u Q f W i `{N I Q � 
FK�L ` ,Ð�!*X.
£ � UW`�\g���argZ]\^U[_h`¸flXOr�Xe`OQbUW`�\gQ�rl�>Zhn�Qbn�_aP+P(XO`OQ�9 i Q�XVpJ��X�Z i rgZh`O�hY[Q�f svu Q�\�s � d7Q�Xe\ ZhYW_ar^f+Q�`On�_arlQf � Q�¬{Q�nH\gXOQ�r¨Z]XbP+_ kaQ�` i Q:*

M g�� ] M!N O
Y ,Ð� �K.

d7_aU[`�\^f i Q 1 ZhXOflfydOr^��f^Q�rl�]Zh`�\ n�QH\ _ar i r^Q�P#ZhUWfyn�Q�\^\^Q(� _aUWf < n�U�f^XOryXe`'f^Q��hP#Q�`�\�4 � OXW � Y�6$Q�\ `O_h`�dOYWXOf
XO`OQjflXOrl�>Zhn�Q ,��;u 1 ¢Â�K.À¢
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 � L � � � � 	
£¤Q�flQ��aP+Q�`�\ i Q(rl��� ��rlQ�`On�Q 4 9-O
W O+6�d7Q�Xe\�0�\^r^Qj\grgZ]`Ofl� _arlP+�(Q�`bf^Q��aP+Q�`�\ 4 � OXW � Y�6$ZhXbP+_³khQ�` i Q�Y � Zhd=<
dOYWU[n�Z]\gUW_a`-Y[UW`O��ZhU[rlQ � [ *�Q�� ` $& Q f [LQ��t` W i [LQ��t`�`,flXOU«�hZ]`�\^Q
*

� [ 1�� $& f [LQ��t`
i [LQ��t` j

O
Y
Q f � 9 f L `�� N Q f � N f L `Q i � 9 i L `�� N Q i � N i L ` ,Ð�h�K.

ª UW`OflUÔ��YWQy¹�XVp-n�_h`��hQ�nH\gU«��d{Q�Xe\cf � QHpVdOrlU[P+Q�rof^XOr�Y � UW`�\gQ�rl�>Zhn�QR4 � O
W � Y�6�n�_aP+P+Q
*
�

 � L � � � � � �u Q f W i ` � � j

� M �
Y
� L
� L � �u Q f [�Q��t` W i [LQ��t` ` � � ,Ô�a�K.

_
m�* � M � r^Q�dOr^��f^Q�`�\^Q(Y[Z+`e_ar^P+Q i X�aQ�nH\gQ�XOro`e_ar^P#ZhYWQ
UW`�\^���arl��n�_ar^rlQ�fld{_a` i Zh`�\ 9+Y[Z+Y[_a`e�aXOQ�Xer i Q�Y � U[`�\gQ�rl�>Zhn�Q�4 � OXW � Y�6
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¥y`bXV\gUWY[UWf^QjYWQ�fcd{_aUW`�\gf i Q 1 ZhXOf^f-, K ª �¨¢Â�X.,d{_aXercQÀpVdOr^UWP+Q�r>Q [ �
` *
�

 � L � � � � � �u Q f W i ` � � j � M �

%�	����� L � � � �u Q f [�Q�� �3` W i [LQ�� � ` ` ,Ô�G� .
_Xm � �¨Q�ft\oY[Z+n�_m_ar i _h`O`O��Q i%� XO`-d{_hU[`�\ i Q 1 ZhXOf^f�QH\ � �yfl_a`bd7_aU i f
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�7.:9 ��� ,-� � �2,-�7.��6��	 ,Ô���X.

 �`-�>Z]UW\��On�_aP+P+Q i Zh`Of-Q YAO `H�eU[Y%�>ZhXV\�n�_aP+dOrlQ�` i rlQ���XOQjYWQjn�_aXOdeY[QRQ f [LQ�� �3` W i [LQ�� � `�`,n�_ar^rlQ�f^d7_a` i ZhXVp
n�_m_ar i _a`O`O��Q�f i Xd7_aU[`�\ i Q 1 ZhXef^f+n�_a`ef^U i ��rl�-flXOr©YWQ�f^Q��hP#Q�`�\ 4 � O
W � Y�6M��XOQY � _a` `O_hP#P+Q�rgZ E g �
Q f � W i �3`À¢�£ � QÀpeder^Q�flf^UW_a` QI[ O8` i QH�VUWQ�`�\¨ZhYW_ar^f3*

�

 � L � � � � � �u Q f W i ` ��� j

%
	����  L � �
� QWE �u Q f ��W i � `CW Mo` ,Ô�a�K.

 ,Q�d7Q�` i Zh`�\���f^XeroY � UW`�\gQ�rl�>Zhn�Q�n�_aP+P(XO`OQ�Q�`�\^r^Q-s ucQ�\ s � ��YWQ ¹�XVpd7Q�XV\¨Z]XOf^flU�f � ��n�rlU[rlQ�ZhXP+_ kaQ�` i Xd7_aYWkm`��hP#Q<ET�� Q f W i ` *
�

 � L � � � � � �� Q f W i ` ��� j

%
	����  L � �
� QWE �� Q f ��W i � `CW Mo` ,Ô�hRV.

¥y`�n�_a`Oft\|Z]\^Q ZhYW_arlf���XOQ#r^��f^_aX i r^Q#n�Q#dOr^_h�OY[N�P+Q i Q�z�U[Q�P�Z]`O`�Q�`9Xe\^U[YWUWfgZh`�\�Y[Q+f^_hYW�hQ�XOr i Q#zc_mQr4 *�6
r^QH�mU[Q�`�\�9'd{_hf^Q�r M g � � _hU[f+n�QdOrl_a�OYWN�P+Q-d{_aXer i Q�f©�]ZhYWQ�XOrlf�UW`�\gQ�rld{_hY[��Q�f i Qd�Zhrl\+QH\ i%� Z]Xe\grlQ i Q
Y � UW`�\gQ�rt�>Zhn�Q�Q�` i QjP 0�P+Q�fcd7_aU[`�\^f i Q 1 ZhXOflf�¢�q�_aXOrcZhYWY[���aQ�r�Y � ��n�r^U«\gXer^Qh��`O_hXOf�d{_aflQ�rl_a`Of+*

n �u	� j E �u Q f � W i �3`�QH\ n �� � j E �� Q f �:W i �3`
£�Z i U«¬Í��r^Q�`On�QyQ�f^flQ�`�\gUWQ�YWY[Q�Z��aQ�nyYWQyf^n|LO��P#Z i Q z�_VQcn�Y[Zhf^flU[��XOQ Q�fl\M��XOQ¨P�Z]U[`�\gQ�`�Zh`�\MUWY7�>Z]Xe\,d7_a` i ��r^Q�r
n|L�Zh��XOQ�n�_h`�\^r^UW�OXe\^U[_a`-_a�e\^Q�`�XOQ�d�Zhr � �³¢�q�_aXOr�YWQ�rlQ�ft\gQh��rlU[Q�`b`eQ�n|LOZh`O�aQ:*

� ���
�
�
�

� Q n � Q f W i ` W�� ` � � j�
 u � Q �n � ` j %
	����  L � �� Q n �u	� W n �� � W Mo` ,Ô� )X.
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Z��aQ�n:*
� Q n��u � W n��� � W Mo` j O

Y�� � Q n �u � W Mo`{N � Q n �� � W M `{N���� a � Q��n��+`a n � � n �u � 9 n �� � 	�
_Xm�*�n �¨Q�fl\cY[Z©P#_ khQ�`O`OQ i Q�zc_mQ i �H��`OUWQ�9©d�Zhrt\gUWr i Qpn �u	� Q�\ n��� ��'Q�ft\cXO`bn�_VQH�w¢ i Qjd7_a` i ��rgZ]\^U[_a` i QjY[Z©�mUWf^n�_af^U«\g��`mXeP#��r^UW��XOQ 4 �:6Ô¢

 �`'n�_a`ef^����XOQ�`On�Q]�¤dOYWXe\ �h\¨��XOQ i Q�rlQ i �H\gQ�r^P+U[`eQ�r 9 n|L�Z]�mXeQ�n�ZhYWn�XeY i X�¹�Xmp�n�_a`��aQ�nH\gU«�,YWQ�f¨d{_aUW`�\gf i Q
1 ZhXOf^f E g � Q f � W i �3`�f^XOrºn|L�Zh��XOQoU[`�\^Q�rl�>Z]n�QcQ�\&Y[Q�f&`O_hr^P#ZhYWQ�f M)Q M � W M � `H��`O_hXOf&YWQ�fºfl\^_Vn �]_a`Of��m\gZh` i UWf
��XOQ�Y[Q�fcd7_aUW`�\gf i Q�fcf^_hP#P+QH\gf i Q�f���X�Z i r^Zh`O�aYWQ�fcd7Q�Xe�hQ�`�\�0H\grlQ�_hXO�OYWU[��f�¢
���m� � ��%� ��� i Zh`Of , K ª �¨¢Â�X.H�ÍUWY;Q�fl\j`O_]\|Zh�OYWQ���X � U[Y;` � kBZ�d�Zhf¨dOY[Xef i Q�¹�XVp 9�n�ZhYWn�XeY[Q�r�� i X��>Z]UW\ i Q
Q Y 	X`H��d7_aXOrMXe`b_ar i r^Q�����XOQ��a�OXO`-_ar i r^Q R#�mXeQ��V�[¢W¢[¢
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£�Z�� _a`OnH\gUW_a` k Q c W f W i `�Q�ft\�n�_a`O`�XOQh¢eTV_a` U[`�\g���argZ®\gUW_a` i Z]`Of QI[K`¡flXOrºn|L�Zh��XOQy��X�Z i rgZh`O�hY[Q�s u�d7Q�XV\i _a`en 0H\grlQ i ��\gQ�r^P+UW`O��Q i Q �>Z ��_a`�\^r^N�f�dOrl��n�U[flQ��h_aU[rlQ�QÀpeZhn�\^Q�P+Q�`�\�¢{vo_hXOf�d{_aflQ�rl_a`OfcZhX�\gQ�P#def c *
�k u�Q c ` j O� �"!$# Q svu ` � � � � k Q c W f W i ` � f � i ,Ô�a�K.

£¤Q¨n�ZhY[n�XOY i Q¨n�Qo\gQ�r^P+Q¨` � Zhded{_art\gQcd�Zhf i Q i U R#n�XOY«\g�¨P�Z®\gLO��P�Z®\gUW�mXeQyP#ZhU[f&dOYWXe\ �h\&XO`�fl_aXOn�U i Qon�_a§V\
UW`e� _ar^P#Z]\^U[��XOQ]¢ 2yZh`ef#YWQ�n�Z i r^Q i Q�f#ZhdOdOYWU[n�Z]\gUW_a`Of©��XOQ`O_hXOf+Z��a_a`Of+P+Q�`e��Q�f���d{_hXOr©n�ZhYWn�XeY[Q�r �k u�Q c `H�`O_aXefcQÀpVdOY[_hUW\^_a`OfcYÄZ i ��n�_aP+d7_af^U«\gUW_a` i Q�Y[Z�� _a`OnH\gUW_a` k Q c W f W i `,n�_aP+P+Q
*

k Q c W f W i ` j
%�'� $  L � $ Q f W i `� $ Q c ` Z��aQ�nZM k S�O M ��`eUÔ¢ ,Ô� *X.

TVU¤�OUWQ�`-��XOQ i Q�Q [ �
`H��`O_aXefoZ��h_a`Ofc_a�e\gQ�`�X�*

�k u8Q c ` j % '�$  L � $ Q c ` �� u�� $ _Xm �� u�� $ j O� �"!$# Q svu ` ��� ��� � $ Q f W i ` � f � i ,Ô� �K.
 ,_aP+de\^Qy\gQ�`�X i Q QI[ 	K`H�VU[Y{Q�ft\�U[`�\g��r^Q�f^fgZ]`�\ i Q n�ZhY[n�XOYWQ�rMXO`OQ flQ�XOYWQ � _aUWf�Y[Q�fNM k \gQ�rlP+Q�fMf^_hXOr^n�Q�f�f^d�Z <\gU[ZhXVp�* �� u�� $ QH\ i Qor^��Zhn�\^X�ZhYWU[flQ�r,Y[Z��]ZhYWQ�XOr �k u�Q c `�Q�` r^Q�P+QH\^\|Z]`�\,f^Q�XOY[Q�P+Q�`�\ 9�st_hXOr&YWQ�fº�]ZhY[Q�XOr^f�� $ Q c `¡ZhXn�_hXOr^f i X\gQ�P#def�¢

£ � U i ��Q��a��`O��r^ZhY[Qj�H\|Zh`�\ i _a`O`e��Qh��`e_aXOf i ��\gZhUWY[YW_a`Of�UWn�U>��Y[Qjn�Z]Y[n�XOY i X\gQ�rlP+Q�fl_aXOrln�Q i Zh`Of�YWQ n�Z i rlQ
i QjY � ���mXOZ]\gUW_a` i Q��,XOr^�hQ�r^f¨�E2>*

a n
aLc N ��������� n a n

aLf N ��������� n a n
aLi j k Q c W f W i ` ,Ô�a�K.
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� )

_XmY � _a`-f^_hXOL�ZhU«\gQj��XOQRQI\��
`Mfl_aU«\ofl_aYWXe\gUW_a` i QRQ [ �
` *
n�Q c W f W i ` j � ��� T:Y � Q0" f N � i 9 � c `/_ N � � � T:Y � Q-" f N � i 9 � c `C_ ,>R��K.

Z��aQ�n
*tQ0"oW � ` S�O M � WhQ � W � ` S O � � W � j � Q0" � ����� N � ������� `
 �`bUW`]stQ�n�\|Z]`�\>Qz\��K` i Zh`ef>QI[ �K`À�OU[Y%�mUWQ�`�\ *

k Q c W f W i ` j Y � � �� $  L � $ Q c ` � $ Q f W i ` ,>R�� .
_Xm�*� L Q c ` j � ��� Q Y � � c ` 9 � � � Q Y � � c ` W � L Q f W i ` j ����� T:Y � Q0" f N � i `/_� � Q c ` j Y ����� Q Y � � c ` � � � Q Y � � c ` W � � Q f W i ` j ����� T \ � Q0" f N � i `/_� � Q c ` j 9 � ��� Q Y � � c ` 9 � � � Q Y � � c `CW � � Q f W i ` j ����� T:Y � Q0" f N � i `C_� � Q c ` j � ��� � Q Y � � c ` 9 � � � � Q Y � � c `CW � � Q f W i ` j ����� T \ � Q0" f N � i `C_

vo_hXOf�`O_aXef�Q�P+dOrlQ�f^fl_a`Of�ZhYW_arlf i%� ��n�r^UWr^Q Y � Q�`Of^Q�P(�OYWQ i Q�f,� _h`On�\^U[_a`ef � $ f^_hXOf�XO`OQo� _ar^P+Qyn�_aP+P(XO`OQ¨Q�`d7_afgZh`�\+*

� $ Q f W i ` j � � � Q � f N � i N � ` ,>R��X.
_Xm� � � �

O Y � " Y � � �

Y \ � " \ � � �

[ Y � " Y � � � �\ \ � " \ � � � �
¥y`bflQjdOr^_ad7_aflQ iÍ� ��n�r^UWr^Q � $ n�_aP+P+Q�Y[Z i UW�hQ�rl�aQ�`On�Q i%� XO`�aQ�n�\gQ�XOr � $ Z]��` i Q�d{_hXOrl�h_aU[rM\^rgZh`Oft� _ar^P+Q�rd�ZhrºY[Zj� _arlP(XOYWQ i Q 1 r^Q�Q�` Y � U[`�\g���argZ®\gUW_a` i Q � $ flXOr,n|L�Z]�mXeQ¨��X�Z i r^Zh`O�aYWQ s±Q�` Y[Z�n�UWr^n�XOY[Z]\gUW_a` i Q � $ ^��f^XercYWQjn�_a`�\^_aXOr a s i X-��X�Z i rgZh`e�aY[Q:*

��� � � $ Q f W i ` � f � i j ��� � � ��� Q � $ ` � f � i j � � � � $ ^�� � � ,>R��K.
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� � ���������
	���������������������

� Q�fl\©Y[ZB`O_hr^P#ZhYWQ�QHpm\g��r^UWQ�XOrlQ�Y[_mn�Z]Y[Q�Q�\�Xe`OUW\gZhUWr^Q i X9d{_aXerl\g_hXOr i X9�mXOZ i rgZ]`O�aYWQ s n�_a`OflU i ��r^�]¢7 ,Q
d7_aXOrl\^_aXOr�d7Q�XV\�0�\grlQ i ��n�_aP+d{_afl�jQ�`YÄZ�fl_aP+P+Q i Q�f�R©f^Q��aP+Q�`�\gf>4 � * W � *)K�L 6 i ��YWU[P+U«\g��fcd�ZhrMYWQ�fMn�_aUW`Of� * WRQ .RS 4 OXW \
6¤QH\ ��� j � L ` i X-��X�Z i r^Zh`O�aYWQj`mXeP#��r^_h\^��f i Zh`Of�YWQjf^Q�`efc\^r^UW�a_a`O_aP+�H\gr^UW��XOQ�, �;u 1 ¢ RV.H¢

N

A

Q

A
A

A
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j

Nx= y j+1 j

j - x j+1

- y

1

4

j

n

= A
5

Ny = x

� ��� 	 ���� ���6��� 4 ��1 ��9 ����. � � 4 ����, 9 ����, � � ) �+*���,-*/.+0�������.���1��20�����.�9-1�
 ��� � ���	��
 � 	
����%�� ��1 9 ��*�.+�/,6��*/��� ����9 �2, ������,-� �8.�9 �20/,-���$*/� 1��20�����.�9 ¢

 �`�Xe\gUWY[UWfgZ]`�\�XO`eQ#dOZhrgZhP+�H\gr^UWfgZ®\gUW_a`�f^Q�YW_a` # Sl4 � W�O+6 i Q+n|L�Zh��XOQ+f^Q��aP+Q�`�\R4 � * W � *)K�L 6�d�Zhr Y[Z \gr^Zh`Of <� _arlP�Z®\gUW_a`Y[UW`O��Z]U[rlQ � \ i Qj\ kmd7Q Q Y �X` i �H��`OUWQ�dOZhr+*
� \ 1 # $& f Q # `

i Q # ` j
9 M � # N f *M � # N i * ,>RaRV.

`O_aXefcd7_aXe�h_a`Ofc��n�r^UWr^Q�QI\K[X`,n�_aP+P+Q
*
� ��� � $ Q f W i ` � f � i j

��*  L
� ������

���

� $ ^�� � � j
��*  L
� L
u � * ^ M * � # ,>R3)X.

ª UW`OflUÔ�®d{_hXOr�n�ZhYWn�XOYWQ�r$QHpeZhnH\gQ�P+Q�`�\�Y � U[`�\^���ar^ZhY[Q i Q&n|L�Zh��XOQ&\^Q�rlP#Qºf^_hXOr^n�Q � $ Q f W i `H�³`O_aXef;ZhYWYW_a`Of�Xe\gUWY[UWf^Q�rQI\ � `H¢{q$_hXOr¨n�Q(�>ZhUWr^Qh�7UWY$Q�fl\¨\^Q�P+dOf iÍ� ��n�r^UWr^Q(Y[Q��aQ�nH\gQ�XOr � $ f^Q�Y[_h`'YÄZ n�_a`e���hXOrgZ]\^U[_h` Q0"oW � ` i X�P+_ i Qi Q ��_aXOrlU[Q�rMn|LO_aUWf^U�Q�`-dOr^Q�`�Zh`�\cQ�`-n�_aP+de\^Q iÍ� �H�aQ�`�\^XOQ�YWY[Q�fyd�Zhrt\gUWn�XOY[ZhrlUW\^��f i X-P�Z]U[YWYÄZ]�aQh¢
; ����� " j � ��² � j ����� � j � ��² � j ���
2yZ]`Ofyn�Q�n�Zhf¨d�Zhrl\^U[n�XOYWU[Q�r � j � Q�\ i _a`On i Zh`Of�Qz\�O `Mn � Q�ft\ k Q c W f W i ` j �V¢{u Y�Q�ft\jZhYW_ar^foU[`�Xe\^U[YWQ
i Qjn�ZhY[n�XOYWQ�r�Y[Q�f � $ Q f W i `À¢

; ����� " j � ��² ���j ����� � j � ��² � �j ���

QI\VYX`�� � $ Q f W i ` j ����� Q � i N � ` j 9 O�
a � � � Q � i N � `aLi

2¨Q �>ZhU«\��e_a` i ����`OU«\cY[Q �hQ�n�\^Q�XOr � $ n�_aP+P+Q
*
� $ j �

9 L� � ��� Q � i N � `
xzy�Å{xz|



� *

i%� _Xm i Zh`Of-Qz\ � `�Q�\�Q�`bXV\gUWY[UWfgZh`�\pQI\X\X` *

� ���	��

���

� * ^�� � � j 9 M ��
� L
u ����� T � QWM � # N i * `{N � _ � #

; Tm_aXOf�n�Zhf M � j �+ZhYW_arlf+*

� ������

���

� * ^�� � � j 9 M �� � ��� Q � i * N � `
; Tm_aXOf�n�Zhf M � �j �+ZhYW_arlf+*

� ���	��

���

� * ^�� � � j M �
� � M � T ����� Q � i * N � ` 9 ����� Q � i * K�L N � `/_

; ����� " �j � ��² � j ����� � �j � ��² � j ���

QI\VY:` � � $ Q f W i ` j ����� Q � f N � ` j 9 O

�
a � ��� Q � f N � `a�f

2¨Q �>ZhU«\��e_a` i ����`OU«\ � $ n�_aP+P#Q:* � $ j 9 L
� � � � Q � f N � `�

i%� _Xm i Zh`Of-Qz\ � `�Q�\�Q�`bXV\gUWY[UWfgZh`�\pQI\X\X` *

� ������

���

� * ^�� � � j 9 M �
�
� L
u ����� T � Q 9 M � # N f * `{N � _ � #

; Tm_aXOf�n�Zhf M � j �#ZhY[_hr^f+*

� ������

���

� * ^�� � � j 9 M �
� ����� Q � f * N � `

; Tm_aXOf�n�Zhf M � �j �#ZhY[_hr^f+*

� ���	��

���

� * ^�� ��� j M �
� � M �

T � � � Q � f *)K�L N � ` 9 � � � Q � f * N � `C_

Å�Å ÒEDGF�H.I�H



� � ���������
	���������������������

; ����� " �j � ��² ���j ����� � �j � ��² � �j ���

Qz\VY
` � � $ Q f W i ` j � � � Q � f N � i N � ` j ����� Q � f ` � ��� Q � i N � `{N ����� Q � i N � ` � ��� Q � f `
2¨Q �>ZhU«\��e_a`bd7Q�XV\ i ����`OUWr � $ n�_aP+P#Q:*� $ j 9 L

� � ��� Q � f ` � ��� Q � i N � `9 L� � ��� Q � i N � ` � � � Q � f `i%� _Xm i Zh`Of-Qz\ � `�Q�\�Q�`bXV\gUWY[UWfgZh`�\pQI\X\X` *

� ������

���

� * ^�� � � j 9 O
Y � �

Q � M � N � M � `� � L
u ����� 4�Q � M � 9 � M � ` # N � f * N � i * N � 6 � #

N � Lu ����� 4�Q � M � N � M � ` # 9 � f * N � i * N � 6 � #��
; Tm_aXOf�n�Zhf3* � M � N � M � j ��ZhYW_arlf+*

� ������

���

� * ^�� � � j �

; Tm_aXOf�n�Zhf3* � M � 9 � M � j �+ZhYW_ar^f3*

� ���	��

���

� * ^�� ��� j 9 M �
� � ��� Q � f * N � i * N � `

N O
Y � �

T ����� Q � f *)K�L 9 � i * K�L 9 � ` 9 � � � Q � f * 9 � i * 9 � `/_
; Tm_aXOf�n�Zhf3* � M � N � M � �j �#QH\ � M � 9 � M � �j �#ZhYW_ar^f3*

� ������

���

� * ^"� � � j 9 O
Y � �

T
� M � N � M �� M � 9 � M �

T � � � Q � f * K�L N � i * K�L N � ` 9 � � � Q � f * N � i * N � `/_
N>T ����� Q � f * K�L 9 � i * K�L 9 � ` 9 � � � Q � f * 9 � i * 9 � `C_K_
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� �

���m� �  �Í� �m�h�

;  �` �>ZhU«\��;n|LOZh��XOQQ�fl\^U[P#Z]\^U[_h` i Q�Y � U[`�\g���argZ]Y[Q�flXOr©XO`f^Q��aP+Q�`�\�4 � * W � *)K�L 6MQ�ft\+Q�¬{Q�nH\gXO��Q-Xe`OQflQ�XOYWQB� _aUWf d7_aXOr#Y[Qbn�ZhYWn�XeY i QbY � U[`�\^���ar^ZhY[Q i Q � $ Q f W i `©f^XOr�Y[Q�f i Q�Xmp ��X�Z i rgZh`O�hY[Q�f�Z�k�Zh`�\�n�QflQ��aP+Q�`�\oQ�`-n�_aP+P�XO`%¢7£�Z+n�_a`�\grlU[�OXV\gUW_a`bn|LOZh`O�aQ�f^Q�XOY[Q�P+Q�`�\ i QjflU[�a`eQh¢
; q$ZhrcZhU[YWYWQ�XOrlf���U[Y%�>Z]Xe\c`O_h\gQ�r��mXeQ�Y � _h�e\gQ�`�\^U[_h` i Q�fc�]ZhYWQ�XOrlfoP+_ kaQ�`O`OQ�f �� u�� $ flXOr�` � U[P+d7_arl\^Q���XOQ�Y��X�Z i rgZh`O�hY[Q svu i X-P#ZhU[YWY[Zh�aQjQ�ft\oXV\gUWY[Qj`O_a`-f^Q�XOYWQ�P+Q�`�\69+Y � _a�V\gQ�`�\^U[_a` i X\gQ�r^P+Q�fl_aXOrln�QRQI\�O `
i Z]`Of,YWQ¨n�Z i r^Q i X�P+_ i N�YWQy�&XOr^�aQ�rM�E2��mP#ZhUWf�Z]XOf^flU19�Y[Z�n�_a`O`�Z]U[flfgZh`On�Q i QoYÄZj�hZ]Y[Q�XOr,P+_ kaQ�`O`OQ
QÀpOZ]n�\gQ i X�P#_ i Q i Q���_hXOr^UWQ�r�n�_a`ef^U i ��rl�h¢ 2yZh`Of�XO`(n�Z i rlQ&�7Q�ZhXen�_aXOd(dOY[Xef$�a��`O��r^ZhY>�®n�Q�\l\gQ&�]ZhYWQ�Xer
`O_hXOf�f^Q�rt\oZhY[_hr^f i QjP+Q�f^Xer^Q���\|Z]Y[_a`Í¢� �`bQH¬ÍQH\�� i Q�QI\��
`H��`O_hXOf�d{_aXV�a_a`OfM\^U[rl_a`Of+*
npQ c W f W i ` j 9 � � Q c ` � L Q f W i `�N � L Q c ` � � Q f W i ` � �n �u j 9�� � Q � � c ` �� u�� L N�� L Q ��� c ` �� u�� � ,>R��K.

%'&�� *�� +�� +10 -��FD^D 0 3 D AB: 2
£ � UW`�\g���hrgZ]\^U[_a` i Q�f#¹�XVp¸n�_h`��hQ�nH\gU«� f���\gZh`�\�Q�¬{Q�nH\gXO��Q�Z��aQ�n�XO`OQ-dOrl��n�UWf^UW_a` 9�Y � _ar i r^Q�M N7OBQH\

n�Q�Y[YWQ i Q�f¡\gQ�r^P+Q�fºf^_aXer^n�Q�f�Z��aQ�noXe`OQoder^��n�U[flU[_h` P#Zhn|LOUW`OQh��UWY�n�_a`��mUWQ�`�\ i Qcr^Q�f^d7Q�nH\gQ�r&ZhX#P+_aU[`ef&Y � _hr i rlQ
M N OjY[_arlf i QjY � UW`�\^���ar^Z]\gUW_a`�\gQ�P+d{_arlQ�YWY[Q�Z]�O` i Q `OQjd�ZhfMUW`�\^r^_ i XOUWr^Q i%� Q�rlr^Q�XOr^fcf^XOdedOY[��P+Q�`�\|ZhUWr^Q�f¨QH\
f^UW�a`OU«��n�Z]\gU«�aQ�f i Zh`efcY[Z©r^��f^_aYWXe\gUW_a` i Q�Q [X` i QH�aQ�`�Zh`�\ *

��� ��� a n
a�c � f � i j �V�W!X# QIs u `�� u Q c W �n � `{NJIRQ M NPO ` ,>R3*X.

_Xm�� uoQ�ft\¨Y[Z#� _a`en�\gUW_a`br^Q��hr^_aXOdOZh`�\¨YWQ�f�¹�XVpbf^dOZ]\gU[ZhXVp 
 u � Q �n��K`MQH\yYWQ�\^Q�rlP#Q�f^_hXOr^n�Q �k u�Q c `�n�ZhY[n�XOYW��fdOrl��n�� i Q�P+P+Q�`�\¨d{_aXercn|LOZh��XOQ���X�Z i rgZh`e�aY[Q svu 9©d�Z]rl\gUWr+*
; i Q�fM�hZ]Y[Q�XOr^fcP+_³khQ�`O`eQ�f �n � n�_a`O`�XOQ�f 9©Y � UW`Ofl\gZh`�\¨UW`OU«\gU[ZhY ��� c , \gQ�r^P+Qjf^d�Z]\^UÄZ]Y .
; i X\gQ�P+dOf c i Qjf^_h`b�H�hZ]Y[X�Z®\gUW_a` , \gQ�r^P+Qjf^_aXOrln�Q .H¢

vo_hXOf�Y � ��n�r^UWr^_a`Of3*

� u�Q c W �n � ` j �k u�Q c ` 9 O� �"!$# Q svuC`
���  L 
 u � Q �n � ` ,>R��K.

q$_hXOrM��n�r^UWr^QjXO`OQ UW`�\g���hrgZ]\^U[_a`�\^Q�P+d{_hr^Q�YWYWQ i Q QI\ Y:`H�O`O_hXOfMXe\gUWYWU[fl_a`Of�XO`OQ P+��\^LO_ i Q i Q�zcXe`O�aQ <
	 Xe\^\gZ
9 M ��� ] M5N O d�Zhf�¢  ,QH\^\gQ�P+��\gLe_ i Q�QHpVdOYWU[n�UW\^Q�d{Q�r^P+Q�\ i Q n�_a`O`�Z��Ä\^r^Q
9-Y � UW`Ofl\gZh`�\ Q � N O ` � c
Y[Z#�]ZhYWQ�XOrcP+_³khQ�`O`eQ i Q �n � K�Lu f^XOroXO`B��X�Z i rgZh`e�aY[Q>s uof^U�Y � _a`bn�_a`O`OZ��Ä\ 9#Y � U[`Oft\|Zh`�\ ��� c Y[Q�fo�]ZhYWQ�XOrlf
P+_ kaQ�`e`OQ�f i Q �n � flXOr�Y[Q i _hP�Z]U[`OQ i Qjn�ZhY[n�XOY>¢ 2 � XO`eQ��>Z ��_a`�a��`e��rgZ]Y[Q]��n�Q�\l\gQ�P+��\gLe_ i Qjf � ��n�r^U«\ *

�n � K�Lu j �n �u N � c %���� $  L ! $ � $ _Xm ! $ S O � ,>R��K.
Z��aQ�n:*

� L j � u
� � c Q � N " L `CW �n �  W " L S O �

� $ j � u �� � c Q � N " $ ` W �n � N � c $ � L�*  L � $ * � *
	�
WRQ�" $ W � $ * ` S O �!� W � j YAW�^�^ ^�W M ���
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q$_hXOr�XO`OQ¨P#Q�U[YWYWQ�XOrlQ Y[UWf^UW�OUWY[U«\g� i QyY � QHpVdOrlQ�flf^UW_a` Qz\��X`À�V`e_aXOf�`O_hXOf�dOrl_ad{_hf^_a`Of i%� ��n�rlU[rlQyQHpVdOYWU[n�UW\^Q�P+Q�`�\
YWQ�f i U«¬Í��r^Q�`�\^f�d�Zhf i Q Y[Z�P+��\^LO_ i Qh¢ 2 � Zh�7_ar i�i Zh`OfMXO`n�Z i r^Q YWU[`e��ZhUWr^Q dOXeU[fM`O_h`�Y[UW`O��Z]U[rlQ d{_aXer�2�� �
9�)V¢

; q�_aXOr�XO`@P+_ i N�Y[Q�YWU[`e��ZhUWr^Q]�MY[Q�`O_aP��Or^Q M ��� i Q�d�Z]f�9 QH¬ÍQ�n�\gXeQ�rQ�ft\b����ZhY69 Y � _hr i rlQ i Q
dOrl��n�U[flU[_a`-�a_aXeY[XOQ:* M ��� j M!NPO
£¤Qcn|LO_aU p i Q�f&d�ZhrgZ]P#NH\grlQ�f,` � Q�fl\&d�ZhfºXO`OUW�mXeQ¨Q�\&n�Q�Y[XeU{��XOQo`O_aXOf i _a`O`e_a`Ofºf^Q�P��OYWQ 0�\^r^QcY[QcdOYWXOf
ZhXV\g_aP#Z]\^U[��XOQjQ�\cYWQjP#_hU[`Of�n�_a§e\gQ�XVp-Q�`-fl\^_Vn �®Zh�hQR4Ì�:6Ô¢Ou Y¤f � ��n�r^U«\ *

�n � K�Lu j �n �u N � c � %  � , )h�K.
Z��hQ�n
*

� L j � u
� � c Q � N " L ` W �n �  W " L j OM ���

� $ j � u
� � c Q � N " $ ` W �n � N " $ � L � c � $ � L  W " $ j OM ��� NPOD9 � W � j Y=W�^ ^�^�W M ���

¥y`�r^Q�P�Z]r^��XOQ#ZhYW_ar^f ��XOQ]�¤d{_aXer d�Zhf^flQ�r:9�Y � ��\gZhd7Q � �%flQ�XOYWQ�Y[Z�P+��P+_arlU[f^Z]\gUW_a`�\gQ�P+d7_argZ]U[rlQ i Q
Y � �H\|Zhd7QjdOr^��n�� i Q�`�\gQ Q � 9 O `,Q�fl\cXe\^U[YWQh¢

; q�_aXOr�XO`-P#_ i N�Y[Qj`O_a`-YWU[`O��ZhUWr^Qh��Y � ��n�rlUW\^XOr^Q�Q�ft\cdOY[XefcYW_aXOr i QjQ�\ i ��d{Q�` iBi QjY � _hr i rlQ�rlQ�n|LOQ�r^n|LO�:*
; ¥yr i r^Q��A*�voz 	��j�

�n � K�Lu j �n �u N � c � � , )(� .
� L j � u

� ��� c W �n � 
� � j � u � Q � N O

Y ` � c W �n � N � cY � L��
; ¥yr i r^Q�� *�voz 	�� �

�n � K�Lu j �n �u N � c\ T � L N [ � � _ , )a�X.
� L j � u

� ��� c W �n � 
� � j � u � Q � N O

[ ` � c W �n � N � c[ � L �
� � j � u � Q � N Y

[ ` � c W �n � N Y � c
[ � � �

; ¥yr i r^QjR�*�voz 	��yR
�n � K�Lu j �n �u N � c

�
T � L N Y � � N Y � � N � � _ , )h�K.

� L j � u
� ��� c W �n � 

� � j � u � Q � N O
Y ` � c W �n � N � cY � L �
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� � j � u � Q � N O
Y ` � c W �n � N � cY � � �

� � j � u
�
Q � NPO ` � c W �n � N � c � � 

; ¥yr i r^Q�)A*�voz 	�� �
�n � K�Lu j �n �u N � c T O��O8[ � � L N � � � �

O8Y 	KY � � � N Y 	 � � O
� �:\K[ � � � 9 �

� �
� � N Y

� �
���3_ , )®RV.

� L j � u
� ��� c W �n � 

� � j � u � Q � N O
\ ` � c W �n � N � c\ � L �

� � j � u � Q � N [	 ` � c W �n � N [ � c
[KY Q�� L N [ � YX` �

� � j � u � Q � N O8Y
O [ ` � c W �n � N � c

YAO �4Y Q O �
[KY � L 9 Y
Y � � � � NJYXY � � � � ` �
� � j � u � Q � N O8` � c W �n � N � c Q \K[ �YAO�� � L 9 	 � � N [ � 	 �

� O8[ � � 9 	
\ �
\ O��
\ � � ` �

��� j � u � Q � N O
Y ` � c W �n � N � c Q 9 	

YXY � L N Y � � 9 [ � \X\
Y � � � � � N O 	 � �

\�O��:\ � � 9 OXO
\�� � � ` �

; ¥yr i r^Q�� *�voz 	��!��¢[¢W¢
� ��� � � ���B� � � � �

£ � Zhfld{Q�n�\¨P�Z®\gLO��P�Z®\gUW�mXeQ©Z�k�Zh`�\y�H\g�(Zh�{_hr i � i Zh`OfcY[Q�fy�ar^Zh` i Q�f¨YWU[�a`eQ�f¨YW_arlf i XBn|L�ZhdOU«\grlQ(dOrl��n��C<
i Q�`�\��%`O_aXef Zh�7_ar i _h`Ofyn�Q(n|L�ZhdOU«\grlQ i%� Z]�{_ar i f^XeryY[Q©deYÄZh` i Q©YÄZ�r^��Z]Y[UWfgZ]\^U[_h`'U[`e� _hr^P#Z]\gUW��XOQ©dOXOUWfyflXOr
XO`OQ�Q�ft\gUWP�Z®\gUW_a` �arl_af^flU[N�r^Q i Q�Y � Q�fld�Zhn�Q�P+��P+_aUWr^Q rlQ���XOUWf�P#ZhUWf�ZhXOflf^Uºf^XOr�Y[Q#\gQ�P#def i Q n�ZhYWn�XOYº��XOQ
n�_h`Of^_aP+P+Q¨n�Q�\l\gQc`O_aXe�hQ�YWY[QoP#�H\gLO_ i Q]¢G ,Q�f&d7_aUW`�\gfº��\|Z]`�\º\gr^ZhU«\g��f���`O_aXOf¡�a��r^U«��Q�rl_a`Of���XOQcYWQ�fº_a�VstQ�nH\gU«� f
i QjdOrl��n�UWf^UW_a`�fl_a`�\oZ]\^\^Q�UW`�\^f�¢7 �`B�aXeU[flQ i Q�n�_a`On�YWXOflU[_a`Í�7`e_aXOfcn|LO_aUWf^UWr^_a`OfcXO`b_ar i rlQ i QjdOr^��n�UWf^UW_a`BflXOr
YWQ�f�n�rlUW\^N�r^Q�foder^��n�� i Q�`�\gf�¢


N&)( ��=
	 / 5�8�3�� A.D
vo_aXef i _a`O`e_a`OfyXO`�Zhd{Q�r ��X i X'n�_ i Q(`�XOP+��r^UW�mXeQ#d7_aXOroY[Q�n�Zhf i%� Xe`OQ�����X�Z®\gUW_a`'f^n�ZhYÄZ]U[rlQh¢%vc��Zh`=<

P+_aUW`Of�� i Zh`ef XO`Jn�Z i r^Q-`O_a` fln�ZhY[ZhUWr^Q]�&`O_hXOf#� Q�r^_a`ef�d7_arl\^Q�r#ZhXVp\gZh�OYWQ�ZhXmpJ`O��n�Q�f^flUW\gZh`�\�dOYWXOf^UWQ�Xer^f
n|L�ZhP+dOf���Y � U[` i U[n�Q-q��OP+Q�f^XOr^Zh`�\¨YWQj`O_aP(�er^Q i%� U[`On�_a`O`�XOQ�f�QIqrS�O M�`H¢

£¤Q�fln|LO��P#ZBdOrl_ad7_af^�#f^Q i ��n�_aP+d{_hf^Q#Q�` i Q�XVp��ar^Zh` i Q�f�dOLOZhf^Q�f+*�Y � XO`OQ�dOr^��d�Zhr^Z]\g_aUWr^Q+QH\(Y � Z]Xe\grlQ
U«\g��r^Z]\gU«�aQ]¢7£�QjdOrl_a�ar^ZhP+P#Q der^UW`On�UWd�ZhY , TV ºv¨¥�¢ � .,Q�fl\ i _a`Onj��]\^U%f^_hXOfon�Q�\l\gQ � _ar^P+Q:*
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FICHIER DU MAILLAGE
+

FICHIER DE CONFIGURATION

PHASE PREPARATOIRE

FICHIERS SOLUTIONS

PHASE ITERATIVE

TESTS D’ARRETS

E £�Z©dOL�ZhflQjdOr^��d�ZhrgZ®\g_aUWr^Q�, · ª K ¢ � .C*
 ,Q�\l\gQcdOL�ZhflQo` � �H\|Zh`�\ºd�Zhfºr^��n�XOrlf^U«�aQh�mf^_h`�n�_a§e\ºQ�`#\gQ�P+dOfº` � Q�ft\,d�Z]fºUWP+d{_hrl\|Z]`�\�¢�q;Zhrºn�_h`�\^r^Q�Q�\ i Z]`Of
Y[ZP+Q�f^XOrlQ�_Xm��7Q�ZhXen�_aXOd i Q+P+��P+_aUWr^Q+Q�ft\�f^_aYWY[UWn�U«\g�#d�Zhr Y[Z�f^XOU«\gQ]� i XOr^Zh`�\�n�Q�\l\gQ+dOL�ZhflQh��YWQ�f i ��n�YÄZ <
rgZ®\gUW_a`Of�flQ�r^_h`�\cYW_Vn�ZhYWQ�f�ZhXVp f^Xe�Or^_aXV\gUW`OQ�f�Q�\�Y � _a`�f � ZhXe\^_ar^UWf^Q�rgZ i Qyr^Q�n�_aP+P+Q�`en�Q�r i Q P 0�P+Q�fcn�ZhYWn�XOYWf
i N�f�YW_ar^f#��X � U[YWf d7Q�Xe�hQ�`�\ i _a`O`OQ�r�fl_aXOr^n�Q 9�XO`OQ� _arl\^Q i U[P+UW`�Xe\gUW_a` i Q-Y � Q�f^d�Zhn�QBP+��P+_aUWr^Q-r^Q���XOU[f�¢
2yZh`ef n�Q�\l\gQ©dOLOZhf^Q+dOrl��d�Zhr^Z]\g_hU[rlQh�Í`e_aXOf ` � Z��a_a`Ofj��X � XO`��OXe\+*%U[`eUW\^UÄZhYWUWf^Q�rjYWQ�fy�]ZhYWQ�XOrlf U[`�\^Q�P+d{_hr^Q�YWYWQ�f
,>Q�`brl_aXO�aQ .,`O��n�Q�flfgZhUWr^Q�f69©Y � ZhXe\^r^QjdOL�ZhflQ i Qjn�ZhYWn�XOY>¢

; ª dOd{Q�Y 9©YÄZ+f^XO�er^_aXe\^U[`eQ 2y¥jv�¢ �
£¤Q�nH\gXOrlQ i X��n|LOUWQ�r i Q�n�_h`e���aXOr^Z]\gUW_a` i X-n�ZhYWn�XeY

v¨¥jz 2yzc  *�_ar i rlQ i X-d{_aY«km`��aP+Q�r^Q�n|LeQ�r^n|Le� , M NPO `
voz 	 *O_ar i r^Q i QjY � UW`�\g���argZ]\^U[_h`-\^Q�P+d{_hr^Q�YWYWQh¢
ª 2�+y = ¨�7K� �K ª *�d�Zhr^ZhP+N�\^r^Q�f � QH\ � i XbP+_ i N�YWQjP�Z®\gLO��P�Z®\gUW�mXeQ Q [ �X`
 ��£ *e�>Z]n�\gQ�XOr�dOr^_hdOr^Q�ZhX-n�ZhYWn�XeY i XbdOZhf i Q \gQ�P+dOf
u K� º· ª�� *�`O_aP��Or^Q i%� UW\^��r^Z]\gUW_a`Of 9©r^��Z]Y[UWf^Q�r
zM¥ q *�YWQ�dOZhrgZhP+NH\gr^Q � i QjYÄZ+P#Z]\grlU[n�Q i Q�z�_mQ
v  ��y¥yu � *�n|LO_hU«p i X-P+_ i N�YWQ�P#Z]\^LO��P#Z]\^U[��XOQR,ÔZ i �aQ�n�\gUW_a`%�7�,Xer^�aQ�r^f/.
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v + � ��v +�� *�d�Zhr^P+NH\gr^Q�f-Q0"oW � ` i X-P#_ i Q i Q ��_aXOrlU[Q�r Q [ �K`
2¨��\^Q�r^P+UW`�Z]\^U[_a`ef¨Q�\ i �H��`OU«\gUW_a`Of i Q:*

vcuwv  *�`O_aP��Or^Q i Qjn�_mQ
R#n�U[Q�`�\^foUW`On�_a`O`�XOf¨dOZhrMd{_hYWkm`��aP+Q�Q �X`
ut· ,>vouwv  .H����· ,Ôvcuwv  . *O\|Zh�OYWQ�Z]XVp i Q�f�dOXeU[flfgZh`On�Q�foQ�` f Q�\cQ�` i Q OXO8`
v 1 T�*¤`e_aP(�OrlQ i Q+d7_aUW`�\^f i Q 1 ZhXOflf�d7_aXOrjY � UW`�\g���hrgZ]\^U[_a` i X9d7_aY«km`��aP+Q�flXOr�XO`�\^r^U[Zh`O�aYWQ i Q
rl��� ��rlQ�`On�Q Q YXY
`À¢
v 1 £ *Í`e_aP(�OrlQ i Q©d{_hU[`�\gf i Q 1 ZhXOflf d{_hXOr Y[Q©n�ZhYWn�XOY i X'¹�Xmp'f^Xer�Xe`3flQ��aP+Q�`�\ i Q©rl��� ��r^Q�`en�Q
QI[ �X`À¢
g k QWM g k W�O j  ����
Y j "����
[ j ���3` *�P+��P#_hr^UWfgZ]\^U[_a` i Q�fcd{_hU[`�\gf i Q 1 Z]XOf^fcf^XOrcYWQ�\^r^U[Zh`O�aYWQ i Q
rl��� ��rlQ�`On�Q Q YXY
`
g�� QWM g�� W O j  ����XY j � � `C*¤P+��P+_ar^UWfgZ®\gUW_a` i Q�f�d7_aUW`�\gf i Q 1 ZhXOflfjf^XOr�Y[Q#f^Q��aP+Q�`�\ i Q�rl��� �C<
rlQ�`On�QRQI[ �K`À¢
v¨TVK *�`O_aP��Or^Q i Qj��X�Z i r^Zh`O�aYWQ�f�n�_h`Ofl\^UW\^X�Zh`�\¨YWQjfl\^Q�`On�U[Y , �$u 1 ¢���<  �Zhfcd{��r^UW_ i UW��XOQ8.

; ª dOd{Q�Y 9©YÄZ+f^XO�er^_aXe\^U[`eQ · ª uw£�¢ �
£¤Q�n�\^XOr^Q i X-P#ZhU[YWY[Zh�aQ fl\^r^XOnH\gXOrl� i Q�fcf^_aP+P+Q�\^f i Q�f��mXOZ i rgZ]`O�aYWQ�f�¢

�<I I�� MoQ .XW � WLO j f ��Y j i ` *en�_m_ar i _h`O`O��Q�f i Q�fcf^_aP+P+Q�\^f i X-P#ZhUWYWYÄZh�hQ
2¨��\^Q�r^P+UW`�Z]\^U[_a`ef¨Q�\ i �H��`OU«\gUW_a`Of i Q:*

v * *e`O_aP(�er^Q i Qj�mXOZ i rgZ]`O�aYWQ�fcn�_a`Oft\gU«\gX�Z]`�\cYWQjP�Z]U[YWYÄZ]�aQ
u K�  *�P+U[flQ�9�2���r^_ i X-`O_aP��Or^Q i%� UW\^��rgZ®\gUW_a`Of�Q�¬{Q�nH\gXO��Q�f
K *�P+UWf^Q�9 2���rl_ i QjY[Z��hZ]r^U[Zh�OYWQ i X-\^Q�P+dOf
2¨K *�n�ZhYWn�XOY i X-d�Zhf i Q \^Q�P+dOf � c
��T ,Ôv * � RV. *eP#UWf^Q�9�2���r^_ i Q�f�R+\gQ�rlP+Q�f�f^_aXer^n�Q�f �� u�� $

; ª dOd{Q�Y 9©YÄZ+f^XO�er^_aXe\^U[`eQ TV  1 ¢Ì�
2¨��\^Q�r^P+UW`�Z]\^U[_a`ef¨Q�\ i �H��`OU«\gUW_a`Of i Q:*

v¨Te  1 *�`O_hP(�OrlQj\^_h\|Z]Y i Qjf^Q��aP+Q�`�\gfp,>UW`�\^Q�rt�>Zhn�Q�f/.Mn�_a`Oft\gU«\gX�Z]`�\cYWQjP�Z]U[YWYÄZ]�aQ�Q YXMrs>`
vox¨�M¥ ,Ôv¨Te  1 �Â�X. *]\|Z]�OY[Q�ZhX i _a`e`�Zh`�\=9¨XO`+f^Q��aP+Q�`�\¡_arlU[Q�`�\^�MY[Q,`mXeP#��r^_ i Q�f�f^_aP+P+Q�\^fºn�_a`Oft\gU <
\^X�Zh`�\cf^Q�f�QÀpV\^r^��P#U«\g��f
+yvy¥ z>,>vyTe  1 �Â�X. *V\gZh�OYWQ�ZhXZ]f^f^_mn�U[Zh`�\ 9�XO`�flQ��aP+Q�`�\cYWQ�fMn�_hP#d7_af^Zh`�\gQ�f i Q YÄZ�`O_hr^P#ZhYWQyQHpm\g�C<
rlU[Q�XOr^QjQ�\cfl_a`bP+_ i XOYWQ
q 1 ,ÔvyTV  1 �Øv 1 £¡�Â�X. *On�_m_ar i _a`O`O��Q�f i Q�fcd7_aU[`�\^f i Q 1 ZhXOflf�f^XOr�n|L�Zh��XOQ�f^Q��aP+Q�`�\�¢
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 ,XOP�XOY i Q�fM\gQ�r^P+Q�fcf^_hXOr^n�Q�foZhXP#_ khQ�` i Q�Y[Z©f^XO�Orl_aXe\^U[`OQ ��x¨T{¢ �

�&_aXOn�YWQ f^XercYWQ�fc��X�Z i r^Zh`O�aYWQ�f
ª dOd{Q�Y 9©YÄZ©f^Xe�Or^_aXV\gUW`OQ TmK� ºv�¢ �

£�TVK ,>v * �Âv¨TVKD. * i _a`O`OQ�9©XO`b��X�Z i rgZh`e�aY[QjYWQ�f�`�XOP+��rl_af i Q�f
��X�Z i rgZh`O�hY[Q�fcn�_a`Oft\gU«\gX�Zh`�\of^_a`-fl\^Q�`On�U[Y
��TVK ,>vyTVKD.À� 	�TmK ,ÔvyTmKD. *�rgZ]dOd{Q�Y¤P+_aP+Q�`�\|Zh`e� i Q�f�n�_m_ar i _h`O`O��Q�f
i Q�f��mXOZ i rgZ]`O�aYWQ�fcn�_a`Oft\gU«\gX�Z]`�\cYWQjfl\gQ�`On�UWY>¢

ª dOd{Q�Y 9©YÄZ©f^Xe�Or^_aXV\gUW`OQ  � ¡vcK ¢ �

ª uwzcuwv + ,Ôv * . *�ZhUWr^Q UW`��aQ�rlf^Q i Qjn|L�Zh��XOQ��mXOZ i rgZ]`O�aYWQ
 M¥j¥ zo� ,Ôv * �Â�X. *en�_m_ar i _h`O`O��Q�f���Zhrlkmn�Q�`�\grlU[��XOQ i Qjn|L�Zh��XOQ��mXOZ i rgZ]`O�aYWQ
� ,>v * �Øvouwv  . *O�]ZhY[Q�XOr�P+_³khQ�`O`eQ � � u9U u�� � Q O��
`H¢

ª dOd{Q�Y 9©YÄZ©f^Xe�Or^_aXV\gUW`OQ ��TVK ¢ �

��vo£�,Ôvouwv  ¨�Âv¨TVKD. *��]ZhYWQ�XOr�P+_ kaQ�`O`OQ �� u9U��(� � Q O8Y
`
qº¥ v 2y D,>v * �Âv¨TVKD. *�d7_a` i ��rgZ]\^U[_h`bflXOr�Y[Q �a_hU[flU[`�Z]�aQ � u9U�� Q��X`
� · ,Ôv * �Øvouwv  ¨�Âv¨TVKD. *ÂTm\^_Vn �®Zh�aQ i Q�fon�_VQ R�n�U[Q�`�\gf � u9U��(� � Q O8[
`H�
Xe\^U[YWQ�f 9+YÄZ©rlQ�n�_h`Ofl\^r^XOnH\gUW_a` i Q � �u QH\ 9©Y[Z©P�Z®\gr^UWn�Q � u>Q O��X`H¢
 M¥   � ,Ôvcuwv  ,>vouwv  �� � . wa�X.C*�Y[Q�fcn�_VQ R#n�UWQ�`�\gf i QjYÄZ©P#Z]\grlU[n�Q�ftkmP#�H\grlU[��XOQ � uc��n�rlUW\cQ�` �$2(¢
ª dOd{Q�Y�ZhXVprl_aXe\^U[`OQ�f i QjYÄZ©YWU[�Or^ZhUWr^UWQ�v ª 1 4 ��6X*
���h�az 2 � * i _h`O`OQjYÄZ+`O_arlP+Q�P#Z®pVUWP#ZhY[Q
2 TVq¡K�z � *O�>ZhnH\g_arlU[flQjYÄZ©P#Z]\grlU[n�Q
2 TVq  M¥ v *7�H�]ZhY[XeQ�Y[Z©d{_hf^f^UW�OUWY[U«\g� i%� U[`��hQ�r^flQ�r
2 TVq¡K�z�u *�U[`��hQ�r^flQ(Y[Z©P�Z®\gr^UWn�Q

TeqD,>v * �Âvcuwv  ,>vouwv  �� � . wa�X. *�Y[Q�fon�_VQ R�n�U[Q�`�\gf i QjYÄZ+P#Z]\grlU[n�Q�UW`��aQ�r^f^Q � � Lu ��n�rlUW\cQ�` �$2(¢
; n � k�� ,>v * . *OUW`OU«\gU[ZhYWU[f^Z]\gUW_a` i Q�fDqb�]ZhYWQ�XOrlf�P#_ khQ�`O`OQ�f¨flXOrM\g_aXOf�YWQ�f���X�Z i r^Zh`O�aYWQ�f>QI\ �K`H¢
; ª dOd{Q�Y 9©YÄZ+f^XO�er^_aXe\^U[`eQ  M¥   ��q q�r^_ i XOU«\�P#Z]\grlU[n�Qj�hQ�nH\gQ�Xer�Q Y � `
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�
�
,Ôvcuwv  . *�P+UWf^Q�9¨st_aXOr i Q�f q-�aQ�nH\gQ�XOr^f � �u Q O��
`H¢�

�
QWM�s W � 1 MPOQM �-` *�n�_VQ R�n�U[Q�`�\gf i Q�f�qBd7_aY«kV`G�aP+Q�f � �u Q O��K`H¢

K�_aXOf�Y[Q�f¤\|Zh�OYWQ�Z]XVp�Q�`�r^_aXe�aQ���\gZh`�\$P+UWf 9�st_hXOr���`e_aXOf�d{_hXe�a_a`ef;Zh�7_ar i Q�r¤Y[ZMdOL�ZhflQ&U«\g��rgZ]\^UW�hQ i X�n�ZhY[n�XOY>¢

E £�Z+dOL�Z]f^QjUW\^��r^Z]\gU«�aQ:*
 ,Q�\l\gQ�deL�Zhf^Q�Q�ft\©YÄZ-dOYWXOf�UWP#d7_art\|Zh`�\gQ i Zh`Of�YÄZbP#Q�f^XOrlQ�_Xm�YÄZBP#Z®stQ�XOr^Q d�Zhrl\^U[Q i Q�Y � QHpVQ�n�Xe\gUW_a` �]Z
f^Q i ��r^_hXOY[Q�r i Zh`Of©Xe`OQ��{_hXOn�YWQ�U«\g��r^Z]\gU«�aQ-ZhXV\g_aXOr i Q�Y[Z�P+�H\gLO_ i Q i Qz�XO`O�hQ < 	 Xe\l\|Z 9 M ��� d�Z]f
, z 	���¢Ì� .H¢¤£�Z�dOr^_mn�� i XOrlQ i%� Zhrlr�0�\jflQ#�>Z]U[f^Zh`�\�flXOrjY[Q+`O_hP(�OrlQ#P#Z®pVUWP#ZhY i%� U«\g��rgZ]\^U[_h`Of�Q O [ � ��� `À�¤U[Yn�_h`��mUWQ�`�\ i _a`On i%� _ade\^U[P+UWf^Q�roZhX-P+U[Q�XVp-n�QH\^\gQjflQ�n�_h` i Q�dOL�ZhflQh¢

; TeZ]Xe�aQ���Zhr i Q i Q�f�qb�]ZhYWQ�XOrlfcP+_ kaQ�`O`OQ�f i QjY � UW`Ofl\gZh`�\ �
k � n � Q M�s-`

; ·bUWf^Q�9�2���r^_ i X-\gZh�OYWQ�ZhX i Qjn�XOP(XOY i X¹�XVp
k � d � QWM�s-`

; q�XOUWf�Q�\cd�Zhr�U«\g��r^Z]\gUW_a`%�e`O_aXOfcZ��a_a`efVM ��� *
; ·-U[flQ�f 9�2�Q�r^_ i Q�fDq-¹�XVp-n�_a`��aQ�nH\gU«� fodeXOU[fcYWQ�XOr�n�Z]Y[n�XOY *

� �
�
QWMrs>` �

;  �Z]Y[n�XOY[fcQ�\oZ®st_hXe\cZhXVp�¹OXVp-n�_a`��hQ�n�\^UW� f i Q�f�q ��M k \^Q�rlP#Q�fofl_aXOrln�Q�fQ�`brl��ZhnH\gX�Z]Y[UWfgZh`�\of^Q�XOY[Q�P+Q�`�\yYWQ�fM�>ZhnH\gQ�Xer^f�\gQ�P+d7_ar^Q�Y[f � �$ , ��£�x¨zj¢Ì� .H¢
; Z]n�n�XeP(XOY[Z]\gUW_a` i X-¹OXVp i Zh`ef+*

k � d � QWMrs>`
;  �ft\gUWP�Z®\gUW_a` i Q�f�qb�]ZhYWQ�XOrlfoP+_ kaQ�`O`OQ�foU[`�\^Q�r^P+� i UÄZ]U[rlQ�f+*�

�
Q M�s W �K`

; z�Q�n�_a`Oft\gr^Xen�\gUW_a` i Q�fDqBd7_aY«kV`G�aP+Q�f�U[`�\^Q�r^P+� i UÄZ]U[rlQ�f�,  M¥  
�;q$¢Ì� . *�
�
QWMrs W ��1 MPOQM �-`

; u `en�r^��P+Q�`�\|Z]\^U[_h` i Xd�Zhf i Q \gQ�P+dOf¡stXef^��X � 9 � N Oh¢
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 � Q�fl\oXO`-d{_aUW`�\cQ�f^flQ�`�\gUWQ�Y���XOU�d{N�f^Q�Y[_hXOr ii Zh`efoY[Z��>ZhU[f^Zh�OUWY[U«\g� i Q�n�Q \ kmd7Q i Qjfln|LO��P#Ze¢7vo_hXOf�`OQ
dOrl��\gQ�` i _a`ef�d�Zhfº_a�e\^Q�`OUWr,XO`eQ¨P+Q�flXOr^Qyder^��n�U[flQ i QoY � Q�fld�Zhn�Q¨P#��P+_aU[rlQo\^_h\|ZhY�_mn�n�XOd{�cd�ZhrºYWQ¨n�_ i QoU[flf^X
i Qon�Q¨fln|LO��P#Z©P#ZhUWf�stXOft\gQ¨Xe`�_ar i r^Q i Q¨�ar^Zh` i Q�XOr,Q�`�dOr^Q�`�Zh`�\�Q�`�n�_hP#dV\gQyYWQ�f&dOr^UW`On�UWd�ZhXmp \gZh�OYWQ�ZhXVp
, � _h`On�\^U[_a` i Q�v * _aX9vyTe  1 . i ��\|Z]U[YWY[��f�der^��n�� i Q�P+P#Q�`�\+Q�\ i _a`�\(Y[ZY[UWfl\^Q n�_h`Ofl\^UW\^XOQ��mrgZ]U[P+Q�`�\(XO`

Å�Å ÒEDGF�H.I�H
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P+U[`eU[P�XOP¢¤u Y;�>ZhXe\jZ]XOf^flU�fgZ��a_hU[r ��X � Q�` ��¥jz$K�z ª v *!*V�{XO`�Q�`�\gUWQ�r Q�fl\jP+��P+_arlU[fl��Z]X'P#_ khQ�` i Q©R
_mn�\gQH\gfcZhYW_ar^f���X � XO`-r^��Q�Y¤dOr^UWfcQ�` i _aXO�OYWQjdOr^��n�UWf^UW_a`BQ�`b_mn�n�XOd7Q��V¢
vo_hXOf�ZhYWY[_a`ef i ��\gQ�r^P+UW`OQ�r�Y[Z � _h`On�\^U[_a` ·B º· i _a`O`OZh`�\�YWQ `O_aP��Or^Q i%� _mn�\gQH\gf�Xe\^U[YWU[fl��f�d�Zhr'��X�Z <
i r^Zh`O�aYWQh¢�·B º· Q�fl\ i ��d{Q�` i Zh`�\^Q i Qvouwv  ,>`e_aP(�OrlQ i%� U[`On�_a`O`�XOQ�f#d7_aXOr i ����`eU[r©XO` d7_aY«km`��aP+Q8.À�
vyTmKB,>`e_aP(�OrlQ i Qj�mXOZ i rgZ]`O�aYWQ�fcn�_a`Oft\gU«\gX�Z]`�\cYWQjfl\gQ�`On�UWY¤d7_aXOrMXO`OQjn�Q�YWY[XOYWQ�ZhXn�Q�`�\^r^Q i XbP#ZhUWYWYÄZh�hQ8.H�
v 1 £ ,>`O_aP��Or^Q i Q d{_aUW`�\gf i Q 1 ZhXOflf�d�Zhr,U[`�\gQ�rl�>Zhn�Q8.�Q�\ q , i U[P+Q�`Of^UW_a` i X��aQ�n�\gQ�XOr�U[`en�_a`O`�X b .À¢O �`
�>ZhU«\���·b &· ` � Q�ft\c� _h`On�\^U[_a`��XOQ i Q��(�]Zhr^U[Zh�OYWQ�f3*�qBQH\DM , Y[Q i Q��arl� i Xbd7_aY«kV`G�aP+Q r^Q�n|LeQ�r^n|Le�8.c�hr hn�Q
ZhX�\|Z]�OY[Q�ZhX-r^��n�ZhdOU«\gXOY[Z]\^UW�;f^XOU«�]Zh`�\ *� � � Q M�W q�` j \4MPOQM ��QWM_OQM � N YXM k [ N Y�q ` , )!)X.

N \4M k [ NPO YXM_O M �PN [KY$M g�� N [KY�qpN �KY
¥ z 2yzc  2¨  1 zc  , 2 . vcuwv  v¨TVK v 1 £

� � � R �
� � ) � �
R � � �³� �
) R ��R �]R �

£�Z3rlQ�dOrl��flQ�`�\|Z]\^U[_h` i Q-YÄZ�P+��P+_aUWr^Q-r^Q���XOUWf^Qbd�Zhr+��X�Z i r^Zh`O�aYWQ-P#_h`�\^r^Q-XO`OQbZhXO�aP+Q�`�\gZ]\gUW_a`¸QHpVd{_�<
`OQ�`�\^U[Q�Y[YWQ#Z��aQ�n+YWQ i Q��ar^� M i X'd7_aY«km`��aP+Q i%� ZhdOdOrl_ pVUWP#Z]\gUW_a` i QRnpQ c W f W i `+,��;u 1 ¢ )X.oZhY[_hr^fy��XOQ©n�Q�\^\^Q
ZhXO�hP#Q�`�\|Z]\^U[_a`-Q�ft\cf^Q�XeY[Q�P#Q�`�\yYWU[`O��ZhUWr^Q�Z �hQ�n�YÄZ i UWP+Q�`OflU[_h`�q i X-�hQ�n�\^Q�XOrcUW`On�_a`e`mXÍ¢
 �`�Q�¬{Q�\��Ín�Q©��XOU�_mn�n�XOd{Q©YWQ©dOYWXOf i Q©P+��P+_aUWr^Q©Q�fl\jYWQ©fl\^_Vn �®Zh�aQ i Q©n|L�Zh��XOQ+P#Z]\grlU[n�Q©U[`��aQ�r^flQ#QH\jY[Q�f
n�_mQ
R#n�U[Q�`�\^f i Q(rlQ�n�_a`Ofl\^r^XOnH\gUW_a` i XB�hQ�nH\gQ�Xer � �u ¢Í¥yr���d�Zhro�mXOZ i rgZ]`O�aYWQh�7n�Q�\l\gQ�P#Z]\^r^UWn�Q�_aX�n�Q�fyn�_mQ�� <��n�U[Q�`�\^fjf^_a`�\�Y[Q�f P 0�P+Q�fj��XOQ�YWYWQ���XOQ©fl_aUW\jY[Z i UWP+Q�`OflU[_a` q i X��hQ�nH\gQ�Xer b r^Q�n|LeQ�r^n|Le�h¢� �` iÍ� ZhXV\gr^Q�f
\gQ�r^P+Q�f��{n�Q���XOU�Q�fl\oU[P+d7_arl\gZh`�\oflXOrcY[Q�dOY[Zh` i Q�Y � Q�f^d�Z]n�Q(P+��P#_hU[rlQh��n � Q�ft\yYWQ i Q��ar^�-M i Xbd7_aY«km`��aP+Q
i%� U[`�\^Q�r^d7_aY[Z]\gUW_a`-Q�\c`O_a`Y[Z i U[P+Q�`ef^UW_a`�q i X-�hQ�nH\gQ�Xer b ¢
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D (degre de la reconstruction polynomiale)

ESPACE MEMOIRE MINIMUM REQUIS PAR QUADRANGLE
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’u=2’
’u=3’
’u=4’

�����
	��+�����������9 ����. ��� 4 ��.+��.�9 ���������$��� ��*�������� �8,-� *��/�2�$���"����0�, �"��� �8.�9 ��, 4 ����*79 ����. 	
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vo_aXef¨dOrl_ad{_hf^_a`Of i Q i _a`O`OQ�r¨YWQ�r^ZhdOd7_arl\ i Qj\gQ�P#defyQ�`�\grlQ(XO` i Q��hr^�pM S 4 OXW \
6 i%� U[`�\gQ�r^d7_aY[Z]\gUW_a`

Q�\�YWQ i Q��hr^� M j O#flQ�rt�hZ]`�\(ZhYW_ar^f i Q#rl��� ��r^Q�`en�Qh¢�vc_aXOf dOrl_Vn�� i _a`ef�9-��P+Q�f^Xer^Q�f i X�\gQ�P#def� �q¡x��
Y � XO`eQ&9B�BU«\g��rgZ]\^U[_h`Of(QH\�Y � ZhXV\gr^Q
9 � �a�-UW\^��r^Z]\gUW_a`Of�flXOr(Xe` P 0�P+Q�P#ZhUWY[Y[Zh�aQ]¢;vc_aXOf�QH¬ÍQ�n�\gXe_a`Of�d�Z]r
Y[Z�f^XOU«\gQ©Y[Z i U«¬Í��r^Q�`en�Q+d{_hXOry`OQ�der^Q�` i r^Q+Q�`'n�_aP+de\gQ©��XOQ©YWQ�\gQ�P+dOf: �q¡x¦Xe\gUWY[UWf^� i XergZh`�\ Y[Z�dOL�ZhflQ
U«\g��r^Z]\gU«�aQ]¢mq¡XeU[f��V`O_hXOf&r^ZhP+Q�`O_h`Of&n�Qc\^Q�P+dOf  �q¡x@Q�` XO`+\gQ�P#def� �q¡x@dOZhr¡�mXOZ i rgZ]`O�aYWQoQH\&dOZhr¡UW\^��rgZ <
\gUW_a`���XOQj`O_aXefM`O_h\g_h`Of [ s<O�QIM `H¢eq;Zhr�ZhUWYWY[Q�XOr^f���`O_aXOfMXe\^U[YWUWf^_a`OfMd7_aXOr,n�Q�f�P+Q�flXOr^Q�f i Qy\gQ�P#def  �q¡x��YWQ�f P+_ i N�YWQ�f YWU[`O��ZhUWr^Q�fjn�_aP+P#Q©`e_a`'Y[UW`O��ZhU[rlQ�f i Q©Y � U[`�\g���argZ®\gUW_a`�\gQ�P#d7_arlQ�YWY[Q i Q©P#Zh`eU[N�r^Q<9�dOrlQ�` i rlQ
Q�`'n�_aP+de\gQ(YÄZ der^_a�arlQ�flf^UW_a`'`O_a`'YWU[`e��ZhUWr^Q i X'`O_aP(�er^Q i%� ��\gZhd7Q�fyd�Z]ryYÄZ�P#�H\gLO_ i Q i Q©zcXe`O�aQ <
	 Xe\^\gZ
Q�`� _a`OnH\gUW_a` i X i Q��arl� ,IM j \ � M ��� j �©Q�`-`O_a`-YWU[`O��ZhUWr^Q �Z.H¢

1
6.7

17.5

82.5

98.8

1 2 3 4

D (degre de la reconstruction polynomiale)

RAPPORT DES TEMPS CPU REQUIS

CAS LINEAIRE
CAS NON LINEAIRE

2¨Q��arl�:2 � � � R
£¤uwvo  ª uwzo  �a¢Â� �e¢,* � *V¢,) �a�V¢ )
v¨¥jv £¤uwv�¢ �a¢Â� �e¢�� � *V¢�� � �e¢ �

�����
	��� ���/���8��9 ���+. � � ,-* 4�4 ��,�9 ���21 9-��� 4 1��������
	 ������
�
	 ��� 
 � * ���2�$���$���20/,-� 
 ��� �8.�9 ��, 4 ����*79 ����. 	q$_hXOr 0�\^r^Q©n�_aP+dOY[QH\��%UWY;P#Zh`e�mXeQ©U[n�U;XO`OQ©�H�]ZhY[XOZ]\gUW_a` i Q�f: ��£Z i P+U[flf^UW�OYWQ�f�Q�`�� _a`OnH\gUW_a` i Q�Y � U[`�\g�C<

�ar^Z]\gUW_a`�\gQ�P#d7_arlQ�YWY[Qjn|LO_aUWf^UWQh¢


N&�� � �F5�8��V- +\3�8C/10�2
vo_aXefofl_aXOL�ZhU«\g_h`Of�f^UWP#deY[Q�P#Q�`�\y�a��r^U«��Q�rcU[n�U�Y � _ar i r^Q i X-f^n|LO��P�ZV¢1 ,Q�d{Q�` i Zh`�\���UWY%�>ZhXe\c�OUWQ�`bZ��a_aUWr

n�_h`Of^n�U[Q�`On�Q#��XOQ©f^_aXef Y[Q�\^Q�r^P+Q©flU[P+dOYWQ�P+Q�`�\���UWY$k�Z���`O_hr^P+��P+Q�`�\ i%� U[rl_a`OUWQh¢¤ �`�Q�¬{Q�\��{�h��r^U«��Q�r�Xe`OQ
dOrl��n�UWf^UW_a`�fl_aXOf�Q�`�\^Q�` ii Q�f,\ kmd{Q�f i QyP+Q�f^XOrlQ�f i%� Q�rlr^Q�Xer^f�flXOr i Q�f,�]ZhY[Q�XOr^f 9 i ���O`OU[r,d{_aXer i U«¬{��r^Q�`�\gf
rgZ R�`eQ�P+Q�`�\gf i Q�P#ZhU[YWY[Zh�aQ�f�QH\ i Zh`Of i Q�f�n�_a` i U«\gUW_a`Ofcf^d7��n�UW����XOQ�f i Qjn�ZhY[n�XOY>¢

Å�Å ÒEDGF�H.I�H



� � ���������
	���������������������

£ � ��`O_arlP#Q i U R�n�XOY«\g�¨Q�fl\,�mXeQ¨YWQ�f,n�_a` i U«\gUW_a`Of&f^d7��n�UW����XOQ�fMf^_a`�\,Y[���aU[_h`Of&QH\ i%� Q�`�n�U«\gQ�r,��XOQ�YW��XOQ�fMXe`OQ�f��
f^_hXOY[UW�a`O_h`Of�Y � Q�flf^Q�`�\^U[Q�Y i Qjn�Qj��XOQj`O_aXef¨ZhYWYW_a`OfMr^Q�dOr^��f^Q�`�\^Q�r3*

; Q�`BZh�ef^n�UWf^flQ�QH\cQ�`-��n|LOQ�Y[YWQ(YW_a�O¢W�O`O_aXefoZ]Y[YW_a`Of�d7_arl\^Q�rMR#rgZ$R#`OQ�P#Q�`�\gf i%� Xe`bn�Zhr^rl�R4 � W�O+6 � 4 � W�O+6
 M¥62y  z � � zc��� zo�hR z �³� �
qº¥yuwvoKcT O�� �UO�� [KY �o[KY �:\ � �
\ O Y 	 � O Y 	

; Q�`b_ar i _a`O`e��QjQ�\cQ�`-��n|LeQ�YWY[Q�Y[_h�O¢[��`e_aXOfcZhYWY[_a`efcd7_art\gQ�rMXe`OQjQ�r^rlQ�XOr�¢TV_hXOf�YWQ�\gQ�r^P+Q-\^Q�rlP#Q �ÀQ�r^r^Q�XOr � `O_aXef�Q�`��mUWfgZh�hQ�_a`Of �3n|Le_aU«p¸d7_af^flU[�eY[Q�f�n�Zhr�Xe`OQQ�r^rlQ�XOr#Q�ft\
Z]¬{��r^Zh`�\gQ:9 *
; Xe`OQ��]ZhYWQ�Xer¥yr i Q�XVp�]ZhYWQ�XOrlf�Z®\^\gUWr^Q�`�\+`O_h\grlQ-Z]\^\^Q�`�\gUW_a`�*�Y[Z��]ZhY[Q�XOr+P+_³khQ�`O`eQ ,Ô· . �n �u �mXeUMQ�fl\#Y[Z
�OZhf^Q i Q Y[Z©r^Q�n�_a`Oft\grlXOn�\^U[_a`d7_aY«kV`G�aP+UÄZhYWQ Q�\�Y[Z(�]ZhYWQ�XOrMrlQ�n�_h`Ofl\^r^XOU«\gQ�ZhX���Z]rlkmn�Q�`�\^r^Q�,Ô� .
n��LQ f u8W i uC`�dOrl_adOr^Q:9#Zhf^flQ�_aUWrcY[Q��OUWQ�`b� _h` i � i Q�YÄZ+P+��\gLe_ i _hY[_a�hU[Qjd7_aXOr�Y[Q�fo`�XOP+��r^UWn�UWQ�`Of
LOZh�OU«\gXO��f¨ZhXmpf^n|LO��P#Zhf¨n�Q�`�\grl��n�Q�YWY[XeY[Q]¢

; Xe`OQ�P+Q�f^XOrlQTmXOr�Y � Q�`Of^Q�P(�OYWQ i Q�f(�]ZhYWQ�XOrlf � $ i X ��X�Z i r^Zh`O�aYWQ s $ �$_h` d{Q�Xe\©dOrl_Vn�� i Q�r<9 i U«¬Í��r^Q�`�\^Q�fP+Q�f^XOrlQ�f i%� Q�rlr^Q�XOr^f�d�Zhr�rgZ]dOd{_hrl\ 9cY[ZM�hZ]Y[Q�XOr$QÀpeZhn�\^Q � # $ Q�`�Xe\^U[YWU[f^Zh`�\ i U«¬{��r^Q�`�\gQ�f$`O_arlP#Q�fn�_aP+P+Q
*

vo_arlP#Q�£ �X* OM�s %

�
�$  L � � $ 9 � # $ �

vo_arlP#Q�£��A*
���� OMrs %

�
� $  L Q � $ 9 � # $ ` �

¢W¢[¢
vc_ar^P+Q�£¤u %

�
�����$  L � � $ 9 � # $ �

 ,Qj��XOU¤n�_h` i XOU«\ 9©Y[Z©r^Q�der^��flQ�`�\|Z®\gUW_a` i Q��+Q�rlr^Q�Xer^f�d{_hf^f^UW�OYWQ�f3*

 M¥62y  ·B£ � ·B£�� ·B£¤u ��£ � �,£$� ��£¤u

ª �7_ar i _a`Of,P#ZhUW`�\gQ�`�Zh`�\�YWQ�f&n�_a` i UW\^U[_a`ef,f^d7��n�UW�O�mXeQ�f i Q�f,n�Z]Y[n�XOY[f&Q�`�n�_aP+P+Q�` ��Zh`�\Md�Zhrºn�Q�Y[YWQ�f&�mXeU
f^Q�r^_a`�\��epV��fcXO`OQj� _aUWfMd{_hXOrM\g_aXe\^Q�f�f^_hXOf�n�Qjn|L�ZhdOU«\grlQ
*

; £¤Q \gQ�P#def [Pj � ^ZY � O�� � �
; £¤Qj`O_aP��Or^Q i Q� ,_aXOr^Zh`�\ * � d � j � ^ZY � , �]ZhYWQ�XOr�`O_h`b_adV\gUWP#UWf^��Q8.
; £ � ��\|Z®\�U[`OU«\gU[ZhYI*�P+_ i Q�Q OXW O8` i Q ��_hXOr^UWQ�r�Z��aQ�n � j O�QH\ � j � � QI\��X`

n�Q f W i W c j �K` j � ��� T:Y � Q f N i `C_ N � � � T:Y � Q f N i `C_
;  ,_a` i UW\^U[_h` i Qj�7_ar i d7��rlU[_ i UW�mXeQ
*  M¥62y  q¡ ¡z

xzy�Å{xz|



�h�

 ,U«\g_a`Of�P#ZhUW`�\gQ�`OZh`�\���\g_aXV\gQ�f�YWQ�fcn�_a` i UW\^U[_h`Of�f^d7��n�U«����XOQ�fy��X � UWY¤f^Q�rgZhU«\cU[`�\^��r^Q�f^f^Zh`�\ i Q �>ZhUWr^Qy�]ZhrlU[Q�r+*
; £¤QjP+_ i N�Y[Qj`�XOP+��rlU[��XOQ(Z��aQ�n i Q�XVp����X�Z®\gUW_a`Ofcf^n�Z]YÄZhUWr^Q�fp,zq j O .�Q�`��mU[f^Zh�a��Q�f+*
Y � Xe`OQjY[UW`O��Z]U[rlQ , ª i �aQ�n�\gUW_a`��E2 . *

a n
a�c N

� Y
Y � a naLf N a n

aLi � j � , )h�K.

Y � Z]Xe\grlQ�`e_a`Y[UW`O��Z]U[rlQ ,>�,XOr^�hQ�r^fo�E2 . *
a n
a�c N

� Y
Y n � a na�f N a n

aLi � j k , )!*X.

K � qº  £�uwvo  ª uwzc  v¨¥jv±£¤uwvo  ª uwzo 
 M¥62y  ª 2�+ ��xoz

; £¤Q i Q��ar^�pM i%� UW`�\gQ�r^d7_aYÄZ®\gUW_a`�d{_aY«km`��aP+U[ZhY i QH�]Zh`�\ i _a`O`eQ�r XO`'_ar i r^QpM7N O©ZhX'fln|LO��P#Z`mX=<
P+��rlU[��XOQ]¢

2 � � � R
 M¥62y  ¥�� ¥ � ¥yR ¥ )

; £�Z©`�Z]\^XOr^Q i X-P#ZhU[YWY[Zh�aQ
*
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v ª K�x¨zc  zc  1 x¨£¤uw ¡z uwzozc  1 xo£¤uw ºz
 M¥62y  zc  1 uwzc 
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; £�Z��mU[fln�_aflUW\^�(`�XOP+��rlU[��XOQ i X-f^n|LO��P�Z i Q�zc_mQ dOUWY[_]\g�jd�Zhr�YWQ�dOZhrgZhP+NH\gr^Q � Q [ � `
� � �

 M¥62y  1 � 1 �

; £�Z©d{_h` i ��r^Z]\gUW_a` � i QjY � Z®stXOft\gQ�P+Q�`�\od�Zhr�YWQ�f�P+_aUW` i r^Q�fon�Zhr^rl��f i Zh`ef>Q0�K`
 M¥62y  ·Bx�� ·bxy� ·Bxo� ·BxcR

 �`'n�_a`ef^����XOQ�`On�Q]��XO`�n�ZhYWn�XOY$Q�ft\jP�Z]U[`�\gQ�`�Zh`�\j�OUWQ�` i �H��`OUWQ©Q�`'YWXOU i _h`O`�Zh`�\jY � Q�`Of^Q�P(�OYWQ i Q�f n�_ i Q�f
Y � U i Q�`�\^UW��Z]`�\on�_hP#P+Q�d�ZhrMQÀpeQ�P+dOY[Q:*

z:� � <t·B£¤u <w�,x¨z <t¥ ) < uwzc  <wq¡ ¡z < 1 � <t·Bxo�
 ,Qjn�ZhYWn�XeY�Q�fl\cXO`-d{_hU[`�\ i QjY[Z#rlQ�dOrl��f^Q�`�\|Z]\^U[_a`b�argZ]dOLOUW�mXeQ
*

·b£�u < ��x¨z <t¥ ) < uwzo  < qº ¡z < 1 ��<t·bx¨�
TVU�_a`�a_aXOY[ZhU«\#��\gX i U[Q�r�\^_aXe\gQ�f+Y[Q�f�n�_aP(�OUW`�ZhUWf^_h`Of d7_af^flU[�eY[Q�f��ºU[YM�>ZhX i rgZhU«\+P+Q�`OQ�r��a� *h�'n�ZhYWn�XOYWf

Q�\j�H\|Zh�eY[UWr�*h� ��r^Q�dOr^��f^Q�`�\gZ]\gUW_a`Of��argZ]dOLOUW�mXeQ�fj��X � UWY��>ZhX i r^ZhU«\ n�_aP+d�Z]r^Q�rjQ�`�\^r^Q+Q�YWYWQ�f���xc`3\^Q�Y;\^rgZ��]ZhU[Y
` � ��\gZh`�\o�hXON�rlQ�UWP#Zh�aUW`�Zh�OYWQh��`O_hXOfcZhY[YW_a`OfM�>ZhUWr^Q i Q�fcn|LO_aU pQ�`-Q�fld{��rgZh`�\o`OQjd�Zhf�d�Zhflf^Q�r 9©n��h\^� i%� Xe`OQ
dOLO��`O_aP+��`e_aY[_h�aU[Q�UWP#d7_art\|Zh`�\gQ]¢[¢W¢

E  ,LO_aU p i%� Xe`OQjQ�r^rlQ�XOr3*
vo_hXOf,dOrl_Vn�� i _h`Of 9�\^_aXe\^Q�f,YWQ�f&P+Q�f^Xer^Q�f iÍ� Q�r^r^Q�XOr^f Q��
`�d{_aXer&XO`eQyn�_a`V���aXOr^Z]\gUW_a` ��XOQ¨Y � _a` Q�f^d7N�rlQyr^QC<
dOrl��f^Q�`�\|Z]\^UW�hQ i QyY � Q�`ef^Q�P��OYWQ i Q�fMn�_h`e���aXOr^Z]\gUW_a`Of,d{_aflf^UW�OYWQ�f�¢ ª ��` i Qy`eQyd�Zhf 0H\grlQ Zhn�n�XOf^� i Qyn|LO_aUWf^UWr
XO`�n�Zhf&\^r^_ad#\grlUW�mU[ZhYÔ�m`O_aXef�dOr^Q�`O_a`Of&Y[QoP+_ i N�Y[Qo`O_a`�YWUW`O��ZhUWr^Q]�eXO` _ar i rlQo��Y[QH�a� QIM j [K`H��XO`�P#ZhUWYWYÄZh�hQ
UWr^r^���aXOYWU[Q�r��¡YWQbfln|LO��P#Z i Qbzc_mQn�Y[Zhf^flU[��XOQ Q � j O `©Q�\�XO`OQ-r^Q�n�_a`efl\grlXOn�\^U[_h` d�Zhr+Y[Z�P+��\^LO_ i Q i Q�f
P+_aUW` i r^Q�fon�Zhr^rl��f�fgZ]`Of�d{_a` i ��r^Z]\gUW_a`U, � u9U�� j O . * �+<w��xoz <w¥ R�< uwzc  < q¡ ºz < 1 �3<w·BxoR

TVXOr Y[Z�r^Q�der^��flQ�`�\|Z®\gUW_a` Q d O g ^ Y
`oQ�`���n|LeQ�YWY[Q+YW_a�O¢W�%`O_aXOf n�_a`Oft\|Z]\^_a`Of ��XOQ©\g_aXV\gQ�f YWQ�f Q�r^rlQ�XOrlf�flQ
n�_hP#d7_art\gQ�`�\cn�_hP#P+Q i Q�f i rl_aU«\gQ�f i Q d7Q�`�\^Q�9D\+Q�`� _a`On�\^U[_h` i Xbr^Z$R#`OQ�P+Q�`�\pQ �v` i X-P#ZhUWY[Y[Zh�aQ]¢8 ,Q
d7_aU[`�\c`O_aXefcn�_a`e��rlP+Q�Y � _ar i rlQv\ i Xbfln|LO��P#Ze¢{q;Zhr�Z]U[YWY[Q�XOr^f���_a`r^Q�P#Zhrl��XOQ���XOQ:*

; d7_aXOr�XO`OQ `e_ar^P+Q i _h`O`O��QoQ � `H��Y[Q�f�Q�rlr^Q�XOr^f�flXOr(YWQ�f��hZ]Y[Q�XOr^f�P+_ kaQ�`O`OQ�f�Q � `�fl_a`�\�\g_hX]st_aXOrlf
UW`e� ��rlU[Q�XOr^Q�f¨Z]XVpQ�rlr^Q�XOr^fcf^XOr�YWQ�fM�]ZhYWQ�XOrlfcrlQ�n�_a`Ofl\^r^XOU«\gQ�fyZhXmp��ZhrtkVn�Q�`�\grlQ�f>Q���`À¢

; d7_aXOr�XO`OQ �]ZhYWQ�Xer(n|LO_aUWf^UWQ Q�� _aX���`H��dOYWXOf(Y[ZB`O_hr^P+Q�Q�ft\�d7Q�\^UW\^Q Q � O `jQ�\�deY[XOf(Y � Q�rlr^Q�Xer(Q�ft\
�>ZhUW�OYWQh¢

ª dOZhrl\^U[r i QBn�Q�f �>ZhU«\gf�Q�\�Z �hQ�n�Y � U i ��Q i Q�flQBdOY[Zhn�Q�r i Z]`Of YWQ�f�n�_a` i U«\gUW_a`Of Y[Q�f�dOYWXOf i �H�>Z��a_ar^Zh�OYWQ�f
d7_af^flU[�OYWQ�f�`O_aXOf�n|LO_aUWf^UWr^_h`Of(d�Z]r�Y[Zf^XOU«\gQ�Y � Q�rlr^Q�Xer�� � YV¢�£�Z`O_ar^P+Q#U[`V��`OUWQ��H\|Zh`�\�\gr^_hd�d7_a`OnH\gXOQ�Y[YWQ
Q�ft\c��n�Z]rl\g��Qh¢

xzy�Å{xz|



�G�

1e-09

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0.1

16 32 64 128

E
rr

eu
rs

R

EXPERIENCE: *-BUR-O4-IRE-PER-G1-MU4

BL1
BL2
BLI

ML1
ML2
MLI

(40/R)^(4)

� ��� 	��+ ���+� � � ��� ��.+�"��,-,-�7��,�� � � �

Å�Å ÒEDGF�H.I�H



��� ���������
	���������������������

E  ,LO_hU«p i Q�Y[Z©d{_h` i ��r^Z]\gUW_a` i Zh`Of�Y[Z©P#�H\gLO_ i Q i QjP+_aU[` i r^Q�fcn�Zhr^rl��f�¢
vo_hXOf Z��a_a`efyQ�`��mU[f^Zh�a�©Q�` Q��K` i UW¬{��rlQ�`�\gQ�fy�>Z ��_h`Of i Q�d{_a` i ��rlQ�ryY � UWP+d{_hrl\|Z]`On�Q i Q�fy��X�Z i rgZh`O�hY[Q�fvs��
ZhdOdOZhrl\^Q�`�Zh`�\ 9©YÄZ+P+_aYW��n�XeY[Q i X��X�Z i r^Zh`O�aYWQ>svu�¢

; ·Bx:�X*ad�Z]r�Y � UW`��hQ�rlf^Q i QMYÄZ i UWfl\gZh`On�Qcfl��d�Z]rgZh`�\ºY[QM�OZhrlkmn�Q�`�\gr^Q i Q�svuºZhX+��Zhrlkmn�Q�`�\grlQ i QMn|L�Zh��XOQ
��X�Z i rgZh`O�hY[Q s���Q � u9U�� j L� & � � � � 3 )�� K & � � � � 3 )�� `À¢

; ·Bx¨�A*�d�ZhrMY � ZhU[rlQ i Qjn|L�Zh��XOQ��mXOZ i rgZ]`O�aYWQ-s���, L� �  ��%�� & � 3 ) .À¢; ·Bxo� *�d�ZhrMYWQjdOr^_ i XOU«\ i Q�·Bx:��QH\ i Q(·bxy�V¢
; ·BxcR�*�d�ZhrMYWQjn|LO_aU p i QjYÄZ��>Zhn�U[YWU«\g��, � u9U�� j O .��

vo_hXOf¡f^_aXOLOZhUW\^_a`Of¡P#ZhUW`�\^Q�`�Z]`�\º`O_hXOf¡d{_aflUW\^U[_h`O`OQ�r¡Q�`��hQ�rlf&n�Q�f¡��X�Z]\grlQ�fºd{_h` i ��r^Z]\gUW_a`Of�¢�q$_hXOr¡n�QM�>ZhUWr^Qh�
`O_aXef,r^Q�dOr^Q�`O_a`OfMY � QHpVd{��r^UWQ�`On�Q dOr^��n�� i Q�`�\gQ Q�`�P+Q�f^XergZh`�\MXO`eU[��XOQ�P#Q�`�\�Y � Q�rlr^Q�XerM��£��V¢V£�Z�n�_a`ef^U i ��r^Z�<
\gUW_a` i%� Xe`�P#ZhU[YWY[Zh�aQ,UWr^rl���aXeY[UWQ�r$f � U[P+d7_af^Q�d7_aXOr�d7_aXe�a_hU[r��>ZhUWr^Q,UW`�\gQ�rl�aQ�`OUWr�Q
R#n�Z]n�Q�P+Q�`�\¡YWQ�f i U«¬Í��r^Q�`�\^Q�f
d7_a` i ��rgZ]\^U[_a`ef�¢avc_aXOf�Q�`��VUWfgZ]�aQ�_a`ef i Q�XVp�rgZhded{_art\gf i Q,\|Z]U[YWY[Q,Q�`�\grlQ��of^Q��aP+Q�`�\gf��h_aU[flU[`ef+*��a¢,)pQ d O g ^ 	K`
Q�\ ) Q d O g ^��K` i QyP#Zh`OUWN�r^Q 9�f^_aXOYWUW�a`OQ�r,Y � Q�¬{Q�\ i QyYÄZ�d{_a` i ��r^Z]\gUW_a`�Q�`�� _h`On�\^U[_a` i QyY � UWr^r^���aXOY[Zhr^U«\g� i X
P#ZhUWY[Y[Zh�aQ]¢
vo_hXOf,�a��r^U«��_a`Of,f^XOr�YWQ�f&���aXOrlQ�f �(QH\M�(��XOQo\g_aXe\^Q�f�YWQ�f,d{_a` i ��r^Z]\gUW_a`Of&Q�`��mU[f^Zh�a��Q�f�dOr^��f^Q�rt�aQ�`�\cY � _hr i rlQ
R+f^_aXeL�ZhU«\g� d7_aXOrMn�QH\^\^Q�QÀpVd{��r^UWQ�`On�Qh¢�u Y%Q�ft\cn�Y[ZhU[rM��XOQjY � _h`-` � Q�f^n�_hP#dV\gQ�d�ZhfM_a�e\^Q�`OUWrMXO`-_ar i r^Q f^Xed{�C<
r^UWQ�Xer�P#ZhU[f;XO`OQ�Q�r^r^Q�XOr�P+_aUW` i rlQ�f^Q�Y[_a`©Y[Zyd7_a` i ��rgZ]\^U[_a`(n|LO_aUWf^UWQh¢� �`��>ZhU«\��®f^XOr;Y[Q�P#ZhUWYWYÄZh�hQ,�>ZhUW�OY[Q�P+Q�`�\
UWr^r^���aXOYWU[Q�r-, �a¢,)X.H�VY[Q�f�Q�r^rlQ�XOrlfc��£��©fl_a`�\��Vr^ZhUWP#Q�`�\oflQ�P��OYÄZ]�OY[Q�f i%� XO`OQjd7_a` i ��rgZ]\^U[_h`�9�Xe`OQ�ZhXe\grlQ
?On�Q
` � Q�ft\©��X � Z��hQ�n�XO` P#ZhUWYWYÄZh�hQ�dOYWXOf�UWr^rl���aXeY[UWQ�r , )X.j�mXeQ Y � _a`9_a�Of^Q�rl�hQ���`�ZhYWQ�P+Q�`�\©QH\ 9-n�_a` i UW\^U[_a` i Q
f � ZhrlP#Q�r i%� Xe`OQ�YW_aXOd7Q�, �;u 1 ¢Ø�K.H�V�mXeQ
*� n \���� n Y ��� n-O�� � n�[
n�_hP#P+Q�YWQ#n�_a`e�Or^P+Q�YWQ�\|Z]�OY[Q�ZhX n�U < i Q�flf^_aXOf i _a`O`�Z]`�\(Y[Q�f�Z®stXefl\gQ�P+Q�`�\gf©YWU[`e��ZhUWr^Q�f i%� ZhdOr^N�f Q � 	X` Q�`
� _a`OnH\gUW_a` i QjYÄZ©d7_a` i ��rgZ]\^U[_a`Í¢

q$_h` i ��r^Z]\gUW_a` ��ZhnH\gQ�XOr	� q�XOUWf^f^Zh`On�Q�d
·Bx:� *]�e¢Â�]R �V¢Â� *
·Bx¨� �]RO¢ �h� �V¢Â� *
·Bxo� *]�e¢Â�]R �V¢Â� *
·BxcR �a�V¢ �h� �V¢Â� *

u Y7r^Q�flf^_art\ i Q¨n�Qo\gZh�OYWQ�ZhX �mXeQyY[Q�f i U«¬{��r^Q�`On�Q�fMf^_a`�\&�Vr^ZhUWP#Q�`�\��>ZhUW�OY[Q�f�Q�\,`OQ¨d7_art\gQ�`�\��Vn�_aP+P#Q¨dOr^�H�VXÍ�
��XOQcf^XOr¡YWQ�f¡�>Zhn�\^Q�XOrlf
�JZ��aQ�noXO`eQc�]ZhrlUÄZ]\^U[_h`#P#Z®pVUWP#ZhY[Q i Q O ��� ¢ 2¨N�f,YW_ar^f¡QH\ i Q��>Z���_a`#f^XOrldOr^Q�`�Zh`�\gQ]�
_a`-r^QH\gUWQ�` i r^Z#��XOQ i Qj`OQ�r^UWQ�`�>ZhUWr^Q i X\g_aXe\cQ�fl\c_ade\^U[P#ZhY�,Ô·BxoRV.,\gZh`�\oflXOr�Y[Q�dOY[Zh` i QjYÄZ+dOr^��n�UWf^UW_a`
��XOQ�flXOryYWQ�dOY[Zh` i X'n�_a§e\yQ�`'Q�fld�Zhn�Q©P+��P#_hU[rlQh¢% �`'QH¬ÍQH\��ÍYWQ(ft\g_mn �®Zh�aQ i Q,M k [ r^��Q�Y[f¨f^XOdOdeY[��P#Q�`A<
\|Z]U[rlQ�f�d�ZhrM��X�Z i rgZh`O�hY[QR,Ôqº¥ v 2y D,>v * �Âv¨TVKD.�.MQ�ft\oZhY[_hr^f����mU«\g�h¢

vo_aXefcder^Q�` i r^_a`ef i _h`Onjd{_aXerMYÄZ+f^XOU«\gQjY[Z©d{_a` i ��r^Z]\gUW_a`B·BxoR�Q � u9U�� j O `À¢
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EXPERIENCE: BL2-BUR-O4-IRE-PER-G1-*
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� )

E +¨��r^U«��n�Z]\gUW_a` i QjY � _ar i r^Q
q$_hXOr��a��r^U«��Q�r-Y � _ar i r^Q i Q�ff^n|LO��P�Z]f���`O_aXOf��h��rlUW��_h`OfbdOZhr�XO`OQ�P+��\^LO_ i Q i Q'P+_aU[` i r^Q�f-n�Zhr^rl��fYWQ
n�_hP#d7_art\gQ�P+Q�`�\ i Q'Y � Q�r^rlQ�XOr�,£$�9Q�` � _a`On�\^U[_h` i X@r^Z$R#`OQ�P+Q�`�\bz i X�P�Z]U[YWYÄZ]�aQ'Q�`�n�_h`Of^U i ��r^Zh`�\
\g_hX]st_aXOrlfcY[Z©d{_h` i ��r^Z]\gUW_a`b·BxcR�YW_ar^f i QjY � Z]dOdOr^_�pVUWP�Z®\gUW_a`bd7_aY«km`��aP+UÄZ]Y[Q]¢

� !$!$# q ! � � Y j �lQ O
�
`�� , ) �K.

vo_hXOfydOrl_Vn�� i _a`ef i Zh`Of¨Y[Q�n�Z i rlQ i X'f^n|Le��P#Z i Q©z�_VQ�n�Y[Zhf^flU[��XOQrQ � j O `cZhXVpBR�QHpVd7��r^UWP+Q�`�\|Z®\gUW_a`Of
f^XeUW�]Zh`�\gQ�f+*

��£�� < 
 � B < � < �
���R< q¡ ºz < 1 �3<w·BxoR
2¨Q��ar^Q�2 ��ZhnH\gQ�Xer � q�XOUWf^fgZ]`On�Q�d

� )m¢Â�a� �m¢Â� *
� �]RO¢Â�h� �V¢Â�G�
� �!*V¢Â�a� Re¢Â� )
R �³�]�a�e¢Ø�hR Re¢Â� �

�,£$�8< 
 � B < � < � �
� < q¡ ºz < 1 �3<w·BxoR
2oQ��arlQ�2 �7Z]n�\gQ�XOr	� q�XOUWf^f^Zh`On�Q(d

� )V¢��a� �V¢Â�h�
� � )V¢���R �e¢Â�(�
� � �e¢,*h� RO¢Â�!)
R ���G� )V¢Ø�a� RO¢Â� �

��£�� < % ���< � < �
�:�R<wq¡ ¡z < 1 �3<t·BxcR
2oQ��arlQ�2 �7Z]n�\gQ�XOr	� q�XOUWf^f^Zh`On�Q(d

� )V¢,*!) �V¢Â�h�
� �h�e¢Ø� � �V¢Â�h�
� )h�e¢,*h� RO¢Â�h�
R ���a�a�e¢Ø� � RO¢Â�(�

�,£$�8< % ���< �+< � �
� <wq¡ ¡z < 1 �3<t·BxcR
2¨Q��hr^Q:2 ��Zhn�\^Q�XOr � q�XOU[flfgZh`en�Q(d

� )V¢Â�h� �a¢Ø�a�
� �!*V¢Ø�a� �V¢Ø�a�
� �a�e¢Ø�a� RO¢Ø�a�
R � �a�a�V¢Â� ) RO¢Ø�G�

	�
� 	 � �*�� ��1�9 �7�
�7.:9 4 *�, ����1 �
� �8.���,-�21 �6*�,;,-�21 ���21 ��� 4 �2, ���7.��6�21
vo_hXOf&_h�Of^Q�rl�a_h`Of i Zh`ef&YWQo\gZh�OYWQ�ZhX�R�QH\,flXOr,YWQ�f¡���aXOrlQ�f � ����XOQoY � Q�rlr^Q�XOr���£�� r^Q�dOr^��f^Q�`�\^��Q Q�`���n|LOQ�Y[YWQ
YW_a��ZhrlUW\^LOP+U[��XOQ�Q�` � _a`en�\gUW_a` i X�rgZ R�`eQ�P+Q�`�\ i Q'P#ZhU[YWY[Zh�aQ'r^��ZhYWU[flQ3QH¬ÍQ�n�\^UW�hQ�P+Q�`�\�QH\ 9 ��XOQ�YW��XOQ�f
d7_aXOr^n�Q�`�\gf©der^N�f(Y � _ar i r^Q��h_aXOYWX ,>Y[ZBdOXOUWf^f^Zh`On�Q�dL.�Q�` � _h`On�\^U[_a` i X i Q��hr^�&2 i Q�YÄZ�rlQ�n�_a`Ofl\^r^XOnH\gUW_a`
d7_aYWkm`��hP#U[ZhYWQh¢ºvo_hXOf�n�_a`Oft\|Z]\^_a`Of�ZhXOf^flU�Y � ���h_aY[XV\gUW_a` i Q �}f^Q�YW_a`¸Y[Q i Q��hr^� 2 �h_aXOYWX Q�\�n � Q�ft\�Z��hQ�n
i ��n�Q�dV\gUW_a`B��XOQ�Y � _a`-f � Zhd{Q�r ��_aUW\c��XOQ�Y[Q i Q��ar^��2��yR�_mn�n�Zhf^UW_a`O`eQ�d7_aXOr i Q�d{QH\gU«\gf�P#ZhUWY[Y[Zh�aQ�fp,>z��o�!*X.
XO`OQjQ�r^r^Q�XOr�dOYWXOfo�hrgZh` i Q �mXeQ�YWQ i Q��arl�:2�� � �
q;Z]r�ZhU[YWYWQ�XOrlfcQH\ i%� Xe`OQ �>Z ��_a`-Zhflf^Q32�YW_a�aUW��XOQh��Y � Q�r^rlQ�XOrc��£�� i QH�VUWQ�`�\cf^Q�`Of^UW�OYWQ�P+Q�`�\ deY[XOf�UWP+d{_art\|Zh`�\^Q
Q�`#d�ZhflfgZh`�\ i X#P+_ i N�Y[Q�YWU[`e��ZhUWr^Qcf^XOr¡P#ZhUWY[Y[Zh�aQMrl���aXeY[UWQ�rºZhX#P#ZhU[YWY[Zh�aQMUWr^r^���aXOYWU[Q�r&deXOU[f i X#P+_ i N�YWQc`e_a`
YWU[`O��ZhUWr^Q�f^XOr�P#ZhUWYWYÄZh�hQcrl���aXeY[UWQ�r¡ZhX+P#ZhUWY[Y[Zh�aQMUWr^rl���aXeY[UWQ�r�¢  ,Q�\^\^Q�dOr^_ader^UW��\g��Q�fl\ i%� ZhXe\|Z]`�\¡deY[XOf¡flQ�`OflU[�OYWQ
d7_aXOrcY[Q�f i Q��ar^��f i Q�r^Q�n�_a`Oft\gr^Xen�\gUW_a`'d7Q�\^UW\^f�, 2 � ��Q�\ �X.H¢ ª UW`OflUÔ�7d{_hXOroXe`OQ(Q�r^r^Q�XOry�,£$� i QRO�� � � �7U[Y
�>ZhXe\��¤d{_hXOr:2�� �a��d�Zhf^flQ�r i%� XO`9r^Z$R#`OQ�P+Q�`�\ i Q�� � � � � � � 9B�E)h� �&�!)h�ZhYW_ar^f���XOQ�d7_aXOr:2��yRO�¤Xe`OQ
�arlU[YWY[Q i Q��!*��,�!*�flX�R+\o��XOQ�Y[YWQ��mXeQ�fl_aUW\cY � QÀpVd{��r^UWQ�`On�Qh¢
q;Z]rcn�Q�foQHpVd{��r^UWQ�`On�Q�f��Í`O_aXefoZ��h_a`Of i _a`On �a��r^U«���(��XOQ�Y � _ar i r^Q i X-f^n|LO��P�Z�`mXeP#��r^UW��XOQ(n�_ar^rlQ�f^d7_a` i 9
Y � _ar i r^Q�Z]\^\^Q�` i X'd7_aXOr¨XO`'P+_ i N�Y[Q(Y[UW`O��Z]U[rlQ©_aX�`O_a`'QH\ d7_aXOr¨Xe`'P�Z]U[YWYÄZ]�aQ���XOQ�YWn�_h`O��XOQh¢  ,Q�n�U i Z]`Of
YWQ�n�Z i rlQ i Xbfln|LO��P#Z i Q�z�_mQ n�Y[Zhf^flU[��XOQ]¢
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BL2-ADV-*-REG-PER-G1-MU4

D=1 -> O2
D=2 -> O3
D=3 -> O4
D=4 -> O5
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BL2-ADV-*-IREG-PER-G1-MU4

D=1 -> O2
D=2 -> O3
D=3 -> O4
D=4 -> O5
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BL2-BUR-*-REG-PER-G1-MU4

D=1 -> O2
D=2 -> O3
D=3 -> O4
D=4 -> O5
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D=1 -> O2
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D=3 -> O4
D=4 -> O5
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� *

·BZhUW`�\gQ�`OZh`�\��,`e_aXOf fl_aXOL�Z]UW\^_a`Of _hXe�mr^UWr�XO`eQBd�ZhrlQ�`�\gLeN�f^Q�Zhf^flQ+2�flXOn�n�U[`�\gQBf^XOr�Y[Q-d�Zhr^ZhP+N�\grlQ �
n�_mQ
R#n�U[Q�`�\ i Q��]Zh`�\�Y[Z�P#Z]\^r^UWn�Q i Qyz�_mQoQH\,d7_a` i ��rgZh`�\,YÄZj�VUWf^n�_af^U«\g�¨`mXeP#��r^UW��XOQ i X�fln|LO��P#Ze¢ �hXOf^��X � 9
dOrl��f^Q�`�\��º`O_aXOf+f^_hP#P+Q�f r^Q�fl\^��f i Zh`Of#Y[Qn�Z i r^Q i X¸f^n|LO��P#Z i Qbzc_mQ�n�Y[Zhflf^UW�mXeQ�Z��aQ�n � j O , 1 � .
Q�\�`O_hXOf�`e_aXOfjdOr^_hd{_afl_a`Of i Q+f^XOdedOr^UWP+Q�r(Y[Z��mU[fln�_aflUW\^��Zhrt\gU«��n�UWQ�YWY[Q�Q�`3d{_hfgZh`�\ � j �U, 1 �K.À¢'2 � _ar^Q�f
Q�\ i �ts 9V�&`O_hXOf�fgZ��h_a`Of���XOQ�n�Q�\l\gQ'ZhnH\gUW_a` rlQ�` i YWQ�fln|LO��P#Z UW`Ofl\gZh�OYWQ i Zh`Of�Y[QBn�Z i rlQB`O_h` Y[UW`O��ZhU[rlQ
��XOQ�YWYWQ¨��XOQ¨fl_aU«\,Y[Z�`�Z®\gXOrlQ i X�P#ZhU[YWY[Zh�aQh¢ 2¨Q��>ZhU«\���`O_aXef,ZhYWYW_a`Ofº`O_aXOfºY[UWP+UW\^Q�r,ZhX n�Z i r^QcYWU[`O��ZhUWr^QcQ�\&`OQ
dOrl��f^Q�`�\gQ�rl_a`Ofy��XOQ i Q�for^��f^XOY«\|Z]\^f¨_a�V\gQ�`�XOf¨f^XOrcP#ZhU[YWY[Zh�aQ�r^���hXOY[UWQ�ro_XmBXe`OQ(flXOd{Q�r < n�_a`��aQ�r^�aQ�`On�Q©d7Q�XV\
ZhdOdOZhrgZ��[\grlQh¢W¢[¢

��£�� < 
 � B < �+< �
����<wq¡ ¡z < 1 � <t·BxcR
2¨Q��arlQ:2 �7Z]n�\gQ�XOr � q�XOUWf^f^Zh`On�Q�d

� �e¢Ø�a� �a¢Ø� �
� <  ��£ � �e¢Â�!) � )V¢���� �e¢Ø�a�
� <  �;£ � �e¢,) �h�e¢ R�� �e¢ R3)
� <  ��£ � � � �e¢Ø� � �e¢Ø���
� < z 	 R �hRO¢Ø�a� �e¢Ø���
� R��e¢Ø��� �e¢Ø� �

R:<  ��£ � �e¢Â�!) �a�a� �e¢Ø�a� )V¢Ø�a�
R:<  �;£ � �e¢,) �a� )a�V¢�� * )V¢Ø�a�
R:<  ��£ � � �h� )!*V¢,*!* )V¢��a�
R:<  ��£ �j� ��R��G�a¢Ø�hR )V¢Ø���
R:< z 	j� �³�h�a�e¢Ø� � RO¢Ø� �

	�
� 	 �+�*�� ��1�9 �����7.:9 4 *�, ����1 ��� ��.���,-�21 �6*�,;,-�21

vo_hXOf©r^QH\gr^_hXe�a_a`ef©d{_aXer�Y[Q�f i Q��hr^��f i Q�r^Q�n�_a`Oft\grlXOn�\^U[_a`UWP+d�ZhUWr^f , 2 � �R< 2�� �K.H�$Y[Q�f©_ar i rlQ�f©d�Z]U[rlf
Z]\l\gQ�` i XOf ,Ô¥j� <y¥yRV.H¢�q$_hXOr�YWQ�f i Q��hr^��f i Q rlQ�n�_a`Ofl\^r^XOnH\gUW_a` d�Z]U[rlf , 2 ��� < 2��yRV.H��`O_aXOf�_a�e\^Q�`O_h`Of
dOr^Z]\gUW��XOQ�P+Q�`�\XO` _ar i rlQBflXOd{��r^UWQ�XOr
9�n�Q�Y[XeUyZ]\l\gQ�` i X Q � I \�9 � I �K`À¢  ,Q�f i Q�r^`OUWQ�rlf�r^��f^XOY«\|Z]\^f
d�Zhr^ZhUWf^f^Q�`�\�� _art\jU[`�\^��r^Q�f^f^Zh`�\gf(QH\�f^U¡Y � _ar i r^Q©flXOd{��r^UWQ�XOr�` � Q�ft\(d�Z]fj�mr^ZhU[P+Q�`�\��OUWQ�`�r^��Z]Y[UWf^�r,Ô�V¢Â�a�X.H�%Y[Z
�>ZhXe\^Q�d7_aXe�]ZhU«\ 0�\^r^Q©r^QwstQ�\^��Q©f^Xer Y � Q�rlr^Q�Xery\gQ�P+d7_ar^Q�Y[YWQh¢� �`�Q�¬{Q�\��ÍflU�Y � _a`�n�_h`Of^U i N�rlQ+�mXeQ©Y � Q�rlr^Q�XerjZhX
_ar i r^QjUWP#dOZhU[rlQ�,Ð� � � � .,f � ��n�r^U«\¨n�_aP+P+Q
*

� !$!$# q ! � � Y j � Q � ` � ��� K�L N�� Q � d�� ` � c ��� K�L
Q�\o��XOQ � Q �K` j ��ZhYW_ar^f��7Y � _ar i rlQ(flXOd{��r^UWQ�XOrod{_hXOr^r^ZhUW\ 0�\^r^Q�_a�e\^Q�`�X�Q�`Bf^XOdOder^UWP�Z]`�\¨Y � Q�rlr^Q�XOro\^Q�P+d{_�<
r^Q�Y[YWQ©�ar hn�Q�9�XO`OQ�UW`�\g���hrgZ]\^U[_a` i Q+zcXO`e�aQ <
	jXV\|Z i%� _ar i r^Q�flXOd7��r^UWQ�Xer�¢¤vc_aXOf Z��a_h`Of i _a`On©der^_mn�� i � 9
i Q�f�n�ZhYWn�XOY�XV\gUWY[UWfgZh`�\�XO`3z 	jR�deY[Xe\ �h\j��X � XO`9z 	j��Q�\jXO`3z 	j��dOY[XV\ �h\j��X � XO`3z 	:)V¢Í£¤Q�fjr^��f^XOY«\|Z]\^f
f^_h`�\©ZhY[_hr^f(�eU[Q�` dOU«\g_ k�Zh�eY[Q�f+*�dOYWXe\ �h\���XOQ iÍ� Z$R#`OQ�r�Y[ZBf^XOd7Q�r < n�_a`��aQ�rl�aQ�`en�QdOr^��n�� i Q�`�\gQ]��YWQ�f�_ar i r^Q�f
�'Q�\ )'ZhdOdOZhrgZhUWf^flQ�`�\#\gr^N�f©`OQ�\l\gQ�P#Q�`�\�¢º£�Z�n�_a`On�Y[XOflU[_h`¸��XOQ-Y � _a`d7Q�Xe\+Q�`J\^U[rlQ�r��;Q�fl\#��X � U[Y�k Z�Q�X
n�_hP#d7Q�`efgZ]\^U[_a`3Q�`�\^r^Q#Y � Q�rlr^Q�Xerj\^Q�P+d7_ar^Q�Y[YWQ Z��hQ�n#XO`  ��£ �j�V¢É�!) , dOr^UWf�Zhr^�OU«\gr^ZhUWr^Q�P+Q�`�\/.yQ�\�Y � Q�rlr^Q�XOr
f^dOZ]\gU[ZhYWQ���XOU¤`eQ f � Zh`O`�XOYWQ�d�Z]fcYW_arlf^��XOQ � j �V¢�vo_aXOfM`e_aXOfM\grl_aXe�a_h`OfcZhY[_hr^f i Zh`ef i Q�f�n�_a` i UW\^U[_h`Of i Q
n�Z]Y[n�XOY[f i Zh`O�hQ�r^Q�XOf^Q�f&\gZh`�\&flXOrºYÄZjr^Q�fl\grlU[nH\gUW_a` i X�P+_ i N�Y[QcYWU[`O��ZhUWr^Qh� i X�P#ZhU[YWY[Zh�aQ�r^���aXOYWU[Q�r&P#ZhUWf,Z]XOf^flU
i X i Q��hr^� i Qjr^Q�n�_a`Oft\grlXOn�\^U[_a`bQ�\ i X� ��£�n|Le_aU[flU �{TeZ]`Of�d�Zhr^YWQ�r i QjY[Z©fl\|Z]�OU[YWU«\g� i%� Xe`-\^Q�Y¤f^n|Le��P#Ze¢
 �` n�_h`On�YWXOf^UW_a`%�,dOr^Q�` i r^Q � j ��Q�fl\�XO`eQ�_ade\^U[_a`¸��XOUÔ� i Zh`Of�n�Q�n�_a`�\gQÀpV\^Q i Q�fln|LO��P#Z i QBL�ZhXe\^Q
dOrl��n�UWf^UW_a`%��flQ�P(�eY[Q��OUWQ�`BUW`�Xe\gUWYWQh¢
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D=1 -> O2
D=2 -> ~O4

D=3 -> O4
D=4 -> ~O6
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BL2-ADV-O3-REG-PER-G0-MU4

RK4 - CFL=0.25 -> O3
RK3 - CFL=0.25  -> ~O4
RK3 - CFL=0.5 -> O3/O4

RK3 - CFL=1 -> O3

1e-09

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0.1

18 27

E
rr

eu
r 

B
L2

R

BL2-ADV-O5-REG-PER-G0-MU4

RK6 - CFL=0.25 -> O5
RK5 - CFL=0.25  -> ~O6

RK5 - CFL=0.5 -> ~O6
RK5 - CFL=1 -> O5/O6

RK5 - CFL=2 -> O5
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N&�� � ��/ 8 	�� D^:V5��F-�892�89/10
q$_aXeron�_a`�\gUW`mXeQ�rcY � ��\^X i Qh��`O_hXOfcZhY[YW_a`Of�P#ZhUW`�\gQ�`OZh`�\¨dOrlUW�mUWY[���aUWQ�rcXO`bn�Q�rt\|ZhUW` i Q��ar^�:2 i Qjr^Q�n�_a`Of <

\grlXOn�\^U[_h`3d7_aY«km`��aP+UÄZ]Y[Q]¢¤q$_aXery�>ZhU[rlQ�n�Q©n|Le_aU«p{�¤`O_hXOfjZhYWY[_a`ef i%� Z]�{_ar i Q�ft\gUWP#Q�rjY[Q�f n�_a§e\^f: �q¡x¦d{_aXer
_a�e\^Q�`OUWr�XO`eQ Q�r^rlQ�XOr���£��(��n�rlUW\^Q Q�`oO�� � � � d{_hXOr,n|L�Z]�mXeQ i Q��arl� M#S 4 O
W]\
6Í`O_h\^��f���Q � ! W]M `H¢V �`Of^XOU«\gQ]�
`O_aXef,� _ar^P�XOYWQ�r^_h`OfMY[Q¨rgZhdOd7_art\ i X�n�_a§e\  �q¡x�YW_ar^fl��XOQvM ] Oyd�Zhr�rl��� ��r^Q�`en�QjZhX�n�_a§e\  �q¡x�YW_ar^fl��XOQ
M j Oa¢�vc_aXOfcZhdOd7Q�YWYWQ�r^_h`Ofon�QjrgZhdOd7_art\�YÄZ�� _a`OnH\gUW_a`-��ZhUW` g Q � ! W]M `���XOU¤f � ��n�r^U«\ *

g Q � ! W]M ` j ��Q � ! W�O `
��Q � ! W]M ` , )h�K.

£¤Q�n�_a§e\  �q¡x d7_aXOrcXO` i Q��arl��2 9#XO`eQ(Q�rlr^Q�XOr¨�,£$� i _a`O`e��fcf^Q(n�ZhYWn�XOYWQ(d�Z]rcYWQ�dOr^_ i XOU«\ i Xb\gQ�P+dOf
 �q¡x d�Zhrc��X�Z i r^Zh`O�aYWQ i XBP�Z]U[YWYÄZ]�aQ(QH\yd�ZhroUW\^��r^Z]\gUW_a` [ sGO QIM `MP(XOY«\gUWdOYWU[��dOZhr¨YWQ(`O_hP(�OrlQ i Q(��X�Z <i r^Zh`O�aYWQ�f i XP#ZhUWY[Y[Zh�aQ � � Q � ! WZM `(Q�\+d�Zhr©YWQ�`O_aP��Or^Q i%� U«\g��r^Z]\gUW_a`Of O�Q � ! WZM `(`e��n�Q�f^f^ZhU[rlQ�f#d{_hXOr+Z]\ <
\gQ�U[` i r^Q�Y[Qy\^Q�P+dOf [ i X-n�Z]Y[n�XOY�_XmYÄZ©P+Q�flXOr^Q�Y � Q�rlr^Q�XOr¨�,£$��Q�fl\cQ�¬{Q�nH\gXO��Qh¢

�RQ � ! WZM ` j [ s<O�Q M ` � � Q � ! WZM `9O�Q � ! W]M ` ,Ô�a�K.
 �`(QH¬ÍQH\��®Y[Qºn�_a§V\  �q¡x��®`OQºf^Q&r^��flXOP+Q,d�Z]f$flQ�XOYWQ�P+Q�`�\=9�XO`�\^Q�P+dOf  �qºxl, [ sGO QIM `�.%dOYWXOf$U[P+d7_arl\gZh`�\Z��aQ�npM n�r^_aUWf^f^Zh`�\&st_aXOZh`�\¨Q�`BY[Z i �H�>Z �hQ�XOr i%� XO` i Q��ar^�>M ��Y[QH�a�]¢Íu Y¤�>ZhXe\odOr^Q�` i rlQ(Q�`bn�_a`ef^U i ��r^Z]\gUW_a`
i%� XO`OQ&d�Zhrl\��³�mXeQ,d7_aXOr�_a�e\gQ�`OUWr$XO`eQ,dOrl��n�UWf^UW_a` i _h`O`O��Q � ! �®YWQ�f$P#ZhU[YWY[Zh�aQ�f i QH�VUWQ�`e`OQ�`�\ i QºdOYWXOf;Q�`�dOYWXOf
�arl_af^flU[Q�r^fjZ��aQ�n�M n�r^_hU[flfgZh`�\�¢' ,Q�fjP#ZhU[YWY[Zh�aQ�f¨n�_aP+de\gZh�OUWY[UWf^Q�`�\�� � Q � ! WZM `o��X�Z i r^Zh`O�aYWQ�f _Xm � Q � ! WZM `
f^Q i � i XOU«\ i Q�Y[Z©r^Q�YÄZ]\^U[_h` Q � 	X`�Q�\�f � ��n�rlUW\+*

� Q � ! W]M ` j O��
� � ! N ��� ��4 � QIM ` 6� QIM ` � ,Ô�G� .

_
m � Q M `&QH\ � Q M `,fl_a`�\ i _a`O`O��f i Zh`Of�Y[Q�fc\gZh�OYWQ�ZhXmpR+Q�\ )V¢
2 � ZhXe\^r^Q�d�Z]rl\�����XOQ�YWQ�f�P#ZhUWYWYÄZh�hQ�f i QH�aQ�`�Zh`�\+dOYWXOf��arl_af^flU[Q�r^f��$Y[Q�f�d�Zhf i Q�\^Q�P+dOf � c d{Q�Xe�aQ�`�\ 0�\grlQ
dOrlU[fodOY[Xefo�ar^Zh` i foQ�\ i _a`On�d7Q�r^P+QH\^\grlQ 9#XO`Bn�ZhY[n�XOY i Q�f � QH¬ÍQ�n�\^XOQ�ryQ�`�P+_aUW`Of iÍ� U«\g��rgZ]\^U[_a`efVO�Q � ! W]M `H¢
q$_hXOr�XO`bP 0�P#Q� ��£��On�Q�`e_aP(�OrlQ iÍ� U«\g��rgZ]\^U[_a`efcQ�fl\cdOrl_ad{_hrl\gUW_a`O`eQ�Y 9 � Q � ! W]M `H¢
£ � Q�`Of^Q�P(�OYWQ Q�ft\ i _a`On¨�eU[Q�`�\gr^Z i XOU«\&d�ZhrºYÄZ�r^Q�Y[Z]\^U[_a` Q � �X`�QH\�n�_aP+P#QoY � QHpVdOrlQ�flf^UW_a` i X �aZhU[` g Q � ! WZM `
Q�ft\cXO`br^ZhdOd7_arl\��OYWQj�>Z]n�\gQ�XOr i QjdOr^_hd{_art\gUW_a`O`�Z]Y[U«\g� flQ�flU[P+dOYWUW�OQ�Y[ZhUWf^fgZ]`�\>Q � �K`,f � ��n�r^UWr^Q:*

g Q � ! W]M ` j [ s<O�Q O8`[ sGO�Q M ` � � Q � ! W O `
� Q � ! W]M ` � � ,Ô���X.

q;Z]r$Y[Zc���hXOr^Q&�e� `O_aXef�Z��a_a`ef;n�_h`O`�ZhUWf^f^Zh`On�Q i X(r^ZhdOd7_arl\ (
� � & L )
(

� � & 
 ) ¢®q;Zhr�Y[Q�f$\gZh�OYWQ�ZhXVp�K ª �o¢ØRO�®K ª �¨¢,)cQH\Y � QÀpeder^Q�flf^UW_a`rQ � O8` 9 � Q � ! WZM `H¢]vo_aXOf;Z��a_a`Of i _a`On,Zhn�n�N�f 9 g Q � ! W]M `¤d{_hXOr$\^_aXOf;YWQ�f;n�Zhf i Q&���hXOr^Q�f���XOQ
`O_aXef¡Z �h_a`Of¡Q�`��mUWfgZh�a��f¡dOr^��n�� i Q�P+P+Q�`�\�¢mq$_hXOr�n|LO_aUWf^UWr¡XO` i Q��arl��M i Q�rlQ�n�_h`Ofl\^r^XOnH\gUW_a`�d7_aY«km`��aP+UÄZ]Y[Q]�
UWY�Q�ft\+U[`�\g��r^Q�f^fgZ]`�\#d7_aXOr©n|L�Z]�mXeQ-der^��n�U[flU[_h` � ! u i _a`O`O��Q i Q�P+Q�\^\^r^Q�Q�`J�H�mU i Q�`On�Q-YWQ i Q��arl� M�u i Q
r^Q�n�_a`efl\grlXOn�\^U[_h` i _a`O`�Z]`�\�Y[Qo��ZhUW` g Q � ! u W]M�u `¡P#Z®pVUWP(XOP¢8 � Q�ft\Mn�Q¨�mXeU%Z��H\g�yrl��ZhYWUWf^�yflXOr,YWQ�f,�O�aXOr^Q�f
� � 9 � *9_Xm Y � _h` _a�Of^Q�rl�hQ i Q�f�d7_aUW`�\^f�Zh`O�hXOY[Q�XVp i N�f�YW_ar^f �mXeQ�Y � _a` n|L�Z]`O�aQ i Q i Q��arl�h¢�2¨Zh`Of�Y[Z
d�Zhrt\gUWQ¨flXOd{��r^UWQ�XOrlQ i Qon|L�Zh��XOQ¨���hXOr^QoQ�\&d{_aXer,XO`OQodOr^��n�UWf^UW_a` � ! u��mQ�fl\ i _a`O`O��Q¨Y[Z��]ZhYWQ�XOr � Q � ! u+WZM�u `H¢
u Y��>ZhXe\���Y[QH�aQ�r(ZhX3n�Zhrlr^�+n�QH\^\gQ+�]ZhYWQ�XOr�d{_hXOrj_a�e\gQ�`OUWr�YWQ#`O_aP(�er^Q i Q+�mXOZ i rgZ]`O�aYWQ�f�`O��n�Q�f^f^ZhUWr^Q�f 9-Y[Z
n�_h`Ofl\^UW\^Xe\gUW_a` i XbP#ZhUWYWYÄZh�hQ�d7Q�rlP+Q�\^\gZh`�\ i%� _h�e\gQ�`OU[r�Y[Z#der^��n�U[flU[_h`b�a_hXOY[XeQ(Z��aQ�n�n�Q i Q��arl�h¢
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R�� ���������
	���������������������

 �`�rlN��aYWQ+�a��`O��rgZhYWQ+Q�\�f^U�Y � _a`�f^Q#f^U«\gXOQ i Zh`ef�YWQ+n�Z i r^Q i X3f^n|LO��P�Z-n�Y[Zhf^flU[��XOQ i Q#z�_VQ , � j O .H�
��XOQ�Y¤��XOQ fl_aU«\�Y[Q P+_ i N�YWQjn|LO_aUWf^U>�OY[UW`O��ZhU[rlQj_aX�`O_a`YWU[`O��ZhUWr^Qh��flXOrMP#ZhUWY[Y[Zh�aQ rl���aXOYWUWQ�rM_aX`O_a`�rl���aXeY[UWQ�r��
YWQ�fM���aXOrlQ�f:� �<9&� �©U[` i U[��XOQ�`�\¨��XOQ
*

; d7_aXOr�XO`OQ�dOr^��n�UWf^UW_a`BstXOf^��X � 9�Y[Z i Q�XVpVU[N�P#Q i ��n�UWP#ZhYWQh�;Xe` i Q��hr^� M j O�f^X R#\�¢$u YºQ�ft\©ZhYW_arlf
UW`�Xe\gUWY[Q i%� Xe\gUWYWU[flQ�r i Q�fc��Zh`�\^f i Q��7_�pVQ�Q�`bn|Le_aU[flU[flfgZh`�\¨XO` i Q��arl��flXOd7��r^UWQ�Xer��

; d7_aXOrºXO`OQyder^��n�U[flU[_h`�f^XOd7��rlU[Q�XOr^QyQH\$stXOfl��X � 9�YÄZ(`eQ�Xe�mUWN�P+Q i ��n�U[P#ZhYWQ ZhYW_arlf,YWQ i Q��ar^��M j [�Q�ft\
dOrlUW�mUWY[���aUW�h¢

; flU�XO`OQdOrl��n�UWf^UW_a` 9�YÄZ i U pVU[N�P#Q i ��n�UWP�Z]Y[Q-_aXdOYWXOf©Q�ft\�fl_aXOL�Z]UW\^��Qh�¡Z]Y[_arlf©Y � _a`Jf^Q�n�_a`e� r^_h`�\^Qi%� Zh�7_ar i 9 i Q�f+\|Z]U[YWY[Q�f i QbP#ZhUWY[Y[Zh�aQ�f#Z �h_aUWf^UW`�Zh`�\�YWQP#UWYWY[UW_a` i Qb��X�Z i rgZh`O�hY[Q�f��¡Q�`OflXOU«\gQ�93Y[Z
dOrl��n�U[flU[_a`bP#Zhn|LOUW`OQh¢W¢[¢

ª X �OU[Y[Zh`%�VY[Q i Q��hr^� M j Y�` � Q�fl\;slZ]P�Z]U[f&_ade\gUWP#ZhY ,>LO_arlP+U[f�YWQ¨n�Zhf � j � �;u 1 ¢ �$*X.H¢m£¤Q i Q��ar^��M j [Q�ft\#n�Q�YWXOU���XOU�n�_aXV�VrlQbY[Z'dOY[Zh�aQ i QL�ZhXe\^QdOr^��n�UWf^UW_a` r^��ZhYWU[ft\gQ 4 O�� � � W�O�� ��� 6Ô¢¡ �`¸dOr^Z]\gUW��XOQh�¡d7_aXOr+YWQ
n�Z]f�\^Q�fl\� �� i Q#Y � ¥ v¨ ¡z ª �¤Y[Q�f�P#ZhUWYWYÄZh�hQ�f��OU i U[P+Q�`ef^UW_a`O`OQ�Y[f�Q�`��mU[f^Zh�a��f�ZhY[Y[ZhUWQ�`�\ i Q )h�a�a��9-�a�a�a�h�
��X�Z i r^Zh`O�aYWQ�f Q � � Y � �K`À¢ ª �aQ�n'Y[Q�f�f^n|Le��P#Zhf i%� _ar i rlQ�� i Q�f i U«¬Í��r^Q�`�\^fd�Zhrl\^Q�`�Z]U[rlQ�f ,>q ª K�z�u  ¨�
K �¨ ºTe ¡ M�eTVuw ¡zoz ª ¢W¢[¢Z.�Q�\&Q�`#Xe\gUWYWU[f^Zh`�\,Y[Zj�O�aXOr^Q:� �e�hn�Q�Y 9�flU[�h`OUW�OQo��XOQcY � _a`�Z��hZ]UW\ºXO`OQcdOrl��n�UWf^UW_a` ZhX
P+_aUW`OfyUW`e� ��rlU[Q�XOr^Q 9rO�� � � P#ZhUWfy��XOQ�Y � _h`�`OQ(d7_aXe�]ZhU«\ydOZhf Z]\l\gQ�UW` i rlQ(XO`eQ�dOr^��n�UWf^UW_a` i QRO�� � � � ª �hQ�n
XO`OQcr^Q�n�_a`efl\grlXOn�\^U[_h` i Q i Q��arl��M j [e��XO`eQc\^Q�YWY[QodOr^��n�UWf^UW_a`�Q�ft\&\^_aXe\ 9j�>Z]UW\ºQ�`��mUWfgZh�aQ�Zh�OYWQyQ�\&n�_h` i XOU«\
ZhXVp���ZhUW`Of�Q�\�P#ZhUWY[Y[Zh�aQ�fpQ � � `�f^XOU«�]Zh`�\gf-,>Q�`brl_aXO�aQ . *

2¨Q��ar^�:2 � � � R
��£�� < 
 � B < �+< �
����<wq¡ ¡z < 1 � <t·BxcR
g Qz\�W]M ` � R �(� )
� QI\�W]M ` � � � �a� � � �!*
�,£$�8< 
 � B < � < � �
� < q¡ ºz < 1 �3<w·BxoR
g Qz\�W]M ` � R �h� )
� QI\�W]M ` �h� ) *h� � � �!*
��£�� < % ���< � < �����R< qº ¡z < 1 �3<t·bxoR
g Qz\�W]M ` � � �a� *
� QI\�W]M ` �]R�� *(� � � �!*
��£�� < % ���< � < � ��� <wq¡ ¡z < 1 � <t·BxcR
g Qz\�W]M ` � * RaR �
� QI\�W]M ` �!)h� *a� � � �!*
��£�� < 
 � B < �+< �
����<wq¡ ¡z < 1 � <t·BxcR
g Qz\�W]M ` � R�� �]R � *
� QI\�W]M ` �h�a� �G� �!* � �
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��� 	 � �  L u ��� � � � �

 �` i Q�LO_ar^f i X n�Zhf,dOZ]\gLO_hY[_a�hU[��XOQ i QoY[Z�def^Q�X i _©f^XOd7Q�r&n�_a`��hQ�r^�hQ�`On�Q , 1 �K.H��YWQofln|LO��P#Z�Xe\^U[YWUWfgZh`�\�Xe`OQ
r^Q�n�_a`efl\grlXOn�\^U[_h`�d{_aY«km`��aP+U[ZhY[Q i Q i Q��ar^� 2�� �e�en � Q�fl\ < 9�< i U[rlQh�mY[Qof^n|LO��P#Z iÍ� _ar i r^QoRO�mr^��Z]Y[UWf^Q¨ZhX�P+_aUW`Of
XO`'��Z]U[` i Q©�h��d�ZhrorgZhdOd7_art\ 9 XO`'fln|LO��P#Z i%� _hr i rlQ+�V¢ ,  ,Q©��ZhUW`�Q�ft\ �mrgZhUWP+Q�`�\jP+U[`OUWP#ZhY�n�Zhr¨`O_hXOf
` � Z��a_a`Ofod�ZhfcdOr^UWfcQ�`�n�_aP+de\gQ���X � UWY�Q�fl\oXOflXOQ�Y i Q i _aXO�OYWQ�rcYWQ  ��£P, Y[Q�d�Zhf i Qj\gQ�P#def/.cYW_arlf^��XOQ(Y � _a`

xzy�Å{xz|



R3*

d�Zhflf^Q i%� XO`-z 	���d{_aXer�2�� �:9(XO`-z 	 R�d7_aXOr 2�� �K.H¢W¢[¢O ¡`�n�_a`Ofl����XOQ�`en�Qh��`O_hXOfMdOr^Q�` i rl_a`OfMd7_aXOr�Y[Z
f^XeUW\^Q i Qj`O_]\gr^Q �H\gX i Q
*

M j [ QWI-\K`H� 1 ��Q � j O `�Q�\o·BxcR Q � u9U�� j O8`

� �! � � � � � � � � $ � � � "% #$ �

vo_aXefMn�_a`OflU i ��r^_h`Of�P�Z]U[`�\gQ�`�Zh`�\���XOQ `O_h\^r^Q i _aP#ZhU[`eQ i Q n�ZhYWn�XeY%` � Q�fl\�deY[XOfMUW`e��`eU%P#ZhU[f,�mX � UWY%Q�ft\
i _a`en i ��YWU[P+U«\g�+d�Zhr i Q�fj�7_ar i f�¢¤£�Z�dOr^��f^Q�`On�Q i Q©n�Q�fj�{_ar i fyUWP+dOY[UW��XOQ i Q�XVp�P+_ i U«��n�Z]\gUW_a`Of�¢ 2 � Xe`OQ
d�Zhrt\���XO`eQoP+_aYW��n�XOY[QoZhX+�a_aUWf^UW`�Zh�hQ i%� XO`��{_ar i flQc\^r^_aXV�aQ i UW¬{��rlQ�`�\gQ 9jXO`OQcP#_hY[��n�XOYWQoQ�` dOYWQ�UW` n�Q�`�\grlQ
i X'P#ZhUWY[Y[Zh�aQ Q d O g ^�O `H¢ 2 � ZhXe\grlQ©d�Zhrt\��19�XO`��{_ar i n�_hr^r^Q�f^d7_a` i�i Q�f n�_a` i UW\^U[_a`ef d�Zhrl\^U[n�XOYWU[N�r^Q�f ��X � UWY
�>ZhXe\�UW`�\grl_ i XeU[rlQ i Zh`Of�Y[Qjn�ZhY[n�XOY�fgZh`efcd7Q�r i r^Q i QjdOrl��n�U[flU[_a`bQ�\cYWQ�deY[XOf�flU[P+dOYWQ�P+Q�`�\¨d{_aflf^UW�OYWQh¢W¢[¢

��&)( � � 	 � 0 �F5 DF2 -�D 0 - D �VDF2 A./1= �F- 6V=9DF2
£�Z(n�_a`efl\grlXOn�\^U[_h` i Q�f,P#_hY[��n�XOYWQ�f�_hX�fl\^Q�`On�U[YWfMZhX �h_aUWf^UW`�Zh�aQ iÍ� XO` �{_ar i i _hUW\,r^��d7_a` i r^QyZ]X n�Z]LOU[Q�r

i Q�fon|L�Z]r^�aQ�fcflXOU«�hZ]`�\+*
; XO`eQ�n�_a`Ofl\^r^XOnH\gUW_a`�ZhXe\^_aP#Z]\gUW��XOQh¢7vc_aXOf¨`eQ�fl_aXOL�ZhU«\g_h`Of¨d�Z]f i QH�a_aUWr i ����`OUWr 9#YÄZ#P#ZhU[`Í�7flQ�YW_a`Y[Z f^U«\gX�Z]\^U[_h`��a��_a�ar^ZhdOLOUW��XOQ i%� Xe`���X�Z i rgZh`O�hY[QDsvu��a\g_aXef�Y[Q�f�M k\[ uº�mXOZ i rgZ]`O�aYWQ�f i X#fl\gQ�`On�UWY>¢mu Y`O_hXOfc�>Z]Xe\¨Xe`OQ�P+�H\gLO_ i Q(�h��`O��r^UW�mXeQ i Q�n�_a`efl\grlXOn�\^U[_h`�d{_hXOro` � UWP+d{_art\gQ���XOQ�Y���X�Z i r^Zh`O�aYWQ>svu
f^Zh`Of&Z �h_aUWrº�7Q�fl_aUW` i%� ��\^X i UWQ�rºf^_a`�d{_aflUW\^U[_h`O`OQ�P+Q�`�\&d�Zhr¡r^ZhdOd7_arl\ºZhXmp#�{_ar i f i X#P�Z]U[YWYÄZ]�aQh¢mq;Z]r
ZhUWYWY[Q�XOr^f���Y � U i ��Q�Q�fl\ i Qjd7_aXe�h_aU[r��H\gQ�` i r^Q�n�QH\¨Z]Xe\g_aP#Z]\^U[flP+Q�9 i Q�fcP#ZhUWYWYÄZh�hQ�f�`O_a`-fl\^r^XOnH\gXOrl��f�¢

; YWQ�ft\gQ�`On�UWY,n�_a`Ofl\^r^XOU«\ i _aU«\(d7_aXe�h_aU[r�d7Q�r^P+QH\^\grlQ Y[Z i �H��`OU«\gUW_a` i X�d{_hYWkm`��aP+Q i Q i Q��arl���e¢� �`i%� ZhXe\^r^Q�f,\gQ�r^P+Q�f��en�Q¨fl\gQ�`On�UWY i _aUW\ 0�\^r^Q¨n�_a`Oft\gU«\gXO� iÍ� XO`�P+UW`OUWP(XO` i QVM k [ u j �(��X�Z i rgZh`e�aY[Q�f
ZhXV\gr^Q(�mXeQ s u QH\ YÄZ]U[flf^Q�r YWQ©flkmft\gN�P+QrQ O��X`oUW`��aQ�rlf^UW�OYWQh¢�q$_aXeryU[YWYWXOfl\^r^Q�r n�Q©dOr^_hd{_af��Í`O_hXOf i _a`=<
`O_h`Ofc�O�aXOr^Q � �+XO`�QHpVQ�P#deY[Q(\^r^U«�mUÄZhY 9#`OQ�dOZhf¨flXOUW�mrlQh¢{ ¡`BQ�¬{Q�\���flU$Y � _h`�Z�Xe`B�ar^Zh` i `e_aP(�OrlQ
i Qc�]ZhY[Q�XOr^f,d{_aXer,XO`OQ i UWr^Q�nH\gUW_a`%�V_a`�`OQyd7Q�XV\�d�Zhf i ���O`OU[r,Y[Q�f�n�_mQ
R#n�UWQ�`�\^f i X�d{_hYWkm`��aP+Qod{_aXer
Y[Z i U[rlQ�nH\gUW_a`B_art\gLO_h�a_a`�ZhYWQ
*

NST
0
=10D=3

QlQ0

Molecule

�����
	�� �����. ���+��� 4 ���$���
��*/� �2* �81 � �+� � � ��� 1 9-��.�� ��� 	
£¤Q n�ZhLOUWQ�r i Q�f(n|LOZhr^�aQ�f���\gZh`�\�d7_af^�]��`O_aXOf(ZhY[YW_a`Of�r^Q�dOr^Q�` i r^Q n|L�Zh��XOQ�U«\gQ�P-¢ ª Xed�ZhrgZ��]Zh`�\���XO`OQ�r^QC<
P#Zhr^��XOQ©f � UWP+d{_hf^Q
*%Z �hQ�n i Q�f n�_a` i UW\^U[_h`Of i Q��7_ar i f��ÍYWQ�`O_hP(�OrlQ i Q���X�Z i r^Zh`O�aYWQ�fGM k [ u ` � Q�ft\jdOYWXOfn�_h`Ofl\gZh`�\�n�_aP+P+Q#n�Q�Y 9-Y � ��\|Z]UW\jQ�`�n�_a` i U«\gUW_a`Ofjd7��r^UW_ i U[��XOQ�f Q M k [7j O8YX`H¢¤£ � U[` i U[n�Q ��dOrlQ�` i3i _a`en
\g_hXe\yfl_a`�f^Q�`ef Q�`'UW` i UW�mXOZh`�\jd�Zhr¨Y 9���X � U[Y�rl��� N�r^Q©ZhX'��X�Z i rgZh`e�aY[Qps u n�_a`Of^U i ��r^�h¢  � Q�ft\jd{_hXOr¨n�Q�\^\^Q
rgZ]U[fl_a`b��X � XO`\|Zh�eY[Q�ZhX i Q�v * Q�`�\^U[Q�r^f 9+�H\g��ZhYWY[_hXO�
*7M k\[ Q M�s-`H¢
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E £�Z©n�_a`efl\grlXOn�\^U[_h`BZhXV\g_aP#Z]\^U[��XOQ
2¨�H��`OUWf^f^_h`Ofy\g_aXV\ i%� Zh�7_ar i n�Q(��X � Q�ft\ XO`B�h_aUWf^UW`�� _arl\�¢Íxc`b�a_hU[flU[`�� _art\ iÍ� XO`'��X�Z i rgZh`e�aY[Q>s u¨Q�fl\yXO`
��X�Z i r^Zh`O�aYWQ©��XOU�d�Z]rl\|Z]�aQ(XO` i Q©n�Q�f n.�h\g��fjZ �hQ�n svu ¢' ,L�Z]�mXeQ#��X�Z i rgZh`e�aY[Q svu i UWf^d7_af^Q i _h`On i%� XO`
P#Z®pVU[P�XOP i Q,R¨�h_aU[flU[`ef�� _arl\^f s�� L �V¢W¢W¢[�:s�� � Q�\ iÍ� XO`©P+UW`OUWP(XO` i Q ��f^UW`O_a` svu�f^Q�rgZhU«\�YWQ,flQ�XOYV��YW��P+Q�`�\i X-P#ZhU[YWY[Zh�aQ�, �;u 1 ¢�� �K.H¢

Q0 Q

Voisins forts

F

�����
	8� �� ���21 ��� ��1 �8.�1 � �/, 9-1 �6��� ��� ��*�1��$��� � ��.�1 9;,;���69 ����. � � 1�9 �7.�� �8� 	
£ � U i ��Q�Q�fl\ Z]Y[_arlf i Q�n�_a`OflU i ��r^Q�r¨YWQ�fo�h_aUWf^UW`Ofo� _art\gf i Q�fo�a_hU[flU[`Ofc� _arl\^f i Q>svu¨` � Z�k�Z]`�\¨d�ZhfcQ�`On�_ar^Q���\^�
n�U«\g��fyQ�\yZhUW`Of^U i Q(flXOU«\gQh¢1 ,Q�n�UÔ��stXOf^��X � 9 Y � _a�V\gQ�`�\^U[_a` iÍ� XO`Bfl\gQ�`On�UWY i Q�\|Z]U[YWY[Q�f^X�R#f^Zh`�\gQh�{n � Q�ft\ < 9 < i UWr^Q]�
i%� ZhX+P+_aU[`ef¡�y�mXOZ i rgZ]`O�aYWQ�f i Zh`Of�YWQMdOrl_Vn|LOQ��h_aUWf^UW`�Zh�aQ i Q�svu�¢�¥y`©f � Zhd7Q�r ��_aU«\¡f^XOr¡Y[Z¨���aXOrlQc�h�y��X � Q�`
�yd�Zhflf^Q�f���`O_aXOf¡rlQ�\grl_aXe�h_a`Of¡Y[Q�ft\gQ�`en�UWY�n�_a`OflU i ��r^�cf^Xer�YÄZy���aXer^Q6�-Q M j [K`;YW_arlf^��XOQ�Y � _a`+`OQMn�_a`Of^U i N�r^Q
d�Zhf�YWQ�f��7_ar i f�¢

1
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1
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2
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2
2

2
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0

des voisins forts

Agglomeration

�����
	 � �����. � 4 *�1 1���1 � ���$1�9 �7.�� �8� 1�9 */.���*�, 9 & % ' (  L � ) �21�9 ,-��9-,-��� ���/	q$_hXOr�_a�e\gQ�`OUWrMXO`bft\gQ�`On�UWY i%� Zhf^d7Q�nH\oYWQjdOYWXOf �Àn�Q�`�\^r^� �yd7_af^flU[�eY[Qjd�ZhrMr^ZhdOd7_arl\ 9 svu��OY � Z]�a�aYW_aP+��rgZ®\gUW_a`
`OQ�f � Z]r^r�0H\gQ©d�Z]f ZhX�`O_hP(�OrlQ i Q©� ��X�Z i rgZh`O�hY[Q�f ,>`O��n�Q�flfgZhUWr^Q�f�9�YÄZ i ����`OU«\gUW_a` i X'd7_aY«kV`G�aP+Q8.oP#ZhUWf
�]Z¨stXOf^��X � 9�Y[Z���` i Q�Y[Z©d�Zhflf^Q��mXeU¤d{Q�r^P+Q�\ i%� Zh�a�aYW_aP+��rlQ�r�ZhX-P+_aU[`efo�©��X�Z i rgZh`O�hY[Q�f�¢

ª dOdeY[UW��XO_a`Of�P�Z]U[`�\gQ�`�Zh`�\�n�Q�\�ZhXV\g_aP#Z]\^U[flP#Q�9�XO`¸��X�Z i rgZh`e�aY[Q svu�ZhX�a_hU[flU[`�Z]�aQ iÍ� XO`J�7_ar i ¢
q�Y[Xef^UWQ�XOrlf¨n�Z]f i Qj�O�aXOr^Q�fcZhdOd�Zhr^ZhUWf^f^Q�`�\¨flQ�YW_a`BY[Z©f^U«\gX�Z]\^U[_h`b�a��_a�ar^ZhdOLOUW��XOQ i Q-svucd�Zhr�rgZhded{_art\cZhXVp
�7_ar i f�¢¡£¤Q�f©���aXOrlQ�f�Q d O g ^ZYAO `�flXOr+YÄZ�d�Zh�hQ�f^XOU«�]Zh`�\gQ-r^Q�der^��flQ�`�\gQ�`�\�\g_aXV\gQ�f+YWQ�f+P+_aYW��n�XeY[Q�f _a�OflQ�r <
�]Zh�OYWQ�f�� 9©XO`eQ�ftkmP#�H\grlU[Q�dOr^N�f���YW_ar^fl�mXeQ>svu¨Z]dOdOr^_mn|LOQjXO`bZh`O�aYWQ i XP#ZhU[YWY[Zh�aQh¢
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q;Zhr�n�Q�\^\^Q(Z]dOdOr^_mn|LOQ]��`O_aXOf�n�_h`Ofl\gZ]\g_a`efc��XOQ:*
; flU$YWQ(��X�Z i rgZh`O�hY[Q�svu i UWf^d7_aflQ i%� XO`OQp2�_a`OQ�\gZhP+d{_h` i Q i Q�XVpB��X�Z i r^Zh`O�aYWQ�fydOZhror^ZhdOd7_arl\yZhXVp�7_ar i f��7Y[Q�ft\gQ�`On�UWY;�a��`O��rl��Q�ft\ Y[Z P+_aY[��n�XOYWQ+�e¢> ,Q�fl\^Q�`On�U[Y$Q�ft\ i _a`On(YÄZ P+_aYW��n�XOYWQ�YÄZ�dOY[Xefyn�_aX=<
r^Zh`�\gQ i X-P�Z]U[YWYÄZ]�aQjQ�\cn�_arlr^Q�f^d7_a` i �eU[Q�`BZhX-fl\^Q�`On�U[Y�ft\|Zh` i Zhrl\cd7_aXOr Q M j [K`�n�_aP+d{_afl� i Q<�³�
��X�Z i rgZh`O�hY[Q�foZ]Xe\grlQ�fc�mXeQ-svu ¢

; flU�Y[Q���X�Z i rgZh`e�aY[Q svu i U[fld{_hf^Q i%� Xe`OQ 2�_a`eQ\gZhP+d{_h` i%� Xe`¸flQ�XOYM��X�Z i rgZh`O�hY[Q�d�Z]r©rgZhdOd7_art\<9Y � Xe` i Q�f �7_ar i f��%Y[Z�P+_aY[��n�XOYWQ+� i ���a��`ON�r^Q©Q�`3Y[Z�P+_aYW��n�XeY[Q&���h_aU[rlQ#� Q�\ dOZhf^flQ i%� Xe`3`e_aP(�OrlQ
i Q���X�Z i rgZh`O�hY[Q�fbZ]Xe\grlQ�f��XOQ s ubZhYWYÄZh`�\rlQ�f^d7Q�nH\gU«�aQ�P#Q�`�\ i Q �!�?9 � �e¢  ,Q�f-�]ZhYWQ�Xer^f��\gZh`�\
flXOd{��r^UWQ�XOrlQ�f 9��V�OXO`OQ \grl_aUWf^UWN�P+Q�dOZhf^flQ�` � Q�ft\cd�Zhf�`O��n���flfgZhUWr^Q]¢

; flU$YWQ���X�Z i r^Zh`O�aYWQpsvu Q�ft\ ZhXBn�_a`�\|Z]n�\ iÍ� XO`'�7_ar i � i Q�XVpBd�Zhflf^Q�f¨`OQ(flX�R#f^Q�`�\jdOYWXOf�¢%xo`eQ(\grl_aU <flU[N�P#Q&Q�ft\�ZhYW_arlf$`O��n�Q�f^fgZ]U[rlQMZhXO�aP+Q�`�\gZh`�\��OrlXe\|Z]Y[Q�P#Q�`�\�YWQ&`O_hP(�OrlQ i Qº��X�Z i r^Zh`O�aYWQ�f;ZhXe\grlQ�f���XOQ
svu ¢  ,Q(`O_hP(�OrlQ��]Z i Q�� ) ,>P+_aYW��n�XOY[Q(�K.Md{_aXeron�Q�rl� i XOUWr^Q i Q�`O_aXe�hQ�ZhX�stXef^��X � 9�� , P#_hY[��n�XOYWQ
�K.À¢�£¤Q�f�P+_aYW��n�XeY[Q�f¨f^_h`�\ i QjdOYWXOf�Q�`-dOYWXOf i ��n�Q�`�\grl��Q�fod�ZhrMr^ZhdOd7_arl\ 9 s u�¢

; flUmYWQ,��X�Z i rgZh`e�aY[Q s u$Q�ft\�YWQ&��X�Z i rgZh`O�hY[Q&n�_a`Oft\gU«\gX�Z]`�\;Y[Q&n�_aUW` , P+_aY[��n�XOYWQ��X.H�³Y[Q&`O_aP��Or^Q i Q&��X�Z <i r^Zh`O�aYWQ�f,ZhXe\^r^Q�f&��XOQ svu�n�_a`efl\gU«\gXOZh`�\MY[Qofl\^Q�`On�U[Y{Q�fl\�stXOfl\^Q¨YWQ¨`O_hP(�OrlQ i Q¨��X�Z i rgZh`e�aY[Q�f�`O��n�Q�f <
f^ZhU[rlQ�f 9�YÄZ i �H��`OU«\gUW_a` i X�d7_aY«kV`G�aP+Q i Q i Q��arl�&�V¢ u Yh�>ZhXe\�ZhYW_arlf�flQ¡rgZhdOd7Q�YWQ�r���XOQºYÄZMn�_a`Ofl\^r^XOnH\gUW_a`
d7_aY«kV`G�aP+UÄZhYWQcf � Q�¬{Q�n�\^XOQ¨dOZhr¡XO`OQ�P+��\gLe_ i Q i QcP+_aU[` i r^Q�f&n�Zhr^rl��f�¢�u n�UÔ��r^UWQ�`#` � Q�P+dh0�n|LOQ iÍ� Xe\^U[YWU <
flQ�r,n�Q�\l\gQ¨P+�H\gLO_ i Q¨�h��`O��rgZhYWQ 9j\g_aXe\^Q�f&Y[Q�f,P+_aYW��n�XeY[Q�f��On�Q�d7Q�` i Z]`�\��m�mX�YWQ¨n�Zhf,dOZhrl\^U[n�XOY[UWQ�r��VXe`OQ
rl��f^_hY[Xe\^U[_h` i UWr^Q�n�\^Q�d7Q�Xe\cd�Z]rgZ��[\grlQ dOr^�H� ��rgZ]�OY[Q]¢7q;ZhrcZhUWY[YWQ�Xer^f���UWY¤Q�ft\o\^r^N�f��>Z]n�UWY[Q i%� Zhr^r 0�\^Q�r�Y � Zh�:<
�aYW_aP+��r^Z]\gUW_a`�YW_ar^fl��XOQ Y[Q¨`O_aP(�er^Q i Qy��X�Z i rgZh`e�aY[Q�f�ZhXe\^r^Q�fM��XOQvsvuMQ�ft\�fl\^r^UWn�\gQ�P+Q�`�\cf^XOd7��rlU[Q�XOr
9+�e¢�vc_aXOf�_a�e\^Q�`O_h`Of¨Z]Y[_arlfMYÄZ+P+_aYW��n�XeY[Q��©�OU[f�n�_a`Ofl\^UW\^XO��Q i Q<��R+��X�Z i r^Zh`O�aYWQ�f�¢

 �` n�_h`On�YWXOf^UW_a`%��n�QH\^\^Q P+��\^LO_ i Q i%� Zh�a�aYW_aP+��r^Z]\gUW_a`�d{Q�r^P+Q�\ i Q �a��`O��rlQ�r i Q�f�P#_hY[��n�XOYWQ�f©Z]Xe\g_aP#Z]\^U <
��XOQ�P+Q�`�\yZ��aQ�n�XO`-`O_aP��Or^Q i Q���X�Z i r^Zh`O�aYWQ�f-������� �����{flX�R#fgZh`�\ 9#Y[Z i ����`eUW\^U[_a` i%� XO`bd7_aY«km`��aP+Q i Q
i Q��ar^���e¢�u Y%rlQ�ft\gQ�P�Z]U[`�\gQ�`�Zh`�\ 9©�h��rlUW��Q�ro��XOQj\g_hXe\gQ�fcYWQ�fcP+_aYW��n�XeY[Q�foQ�`��mUWfgZh�h��Q�fod{Q�r^P+Q�\l\gQ�`�\or^��Q�YWY[QC<
P+Q�`�\ i%� UW`��aQ�r^f^Q�r¨YWQjflkmfl\^N�P+Q Q O��K`,QH\o`eQ�fl_a`�\cd�Zhf i Q�fcP+_aYW��n�XeY[Q�f i X-�aQ�`Or^Q i QjY[Z©�O�aXOr^Q<� �V¢[¢W¢

E £ � U[`��aQ�r^flU[�OUWYWUW\^� i QjY[Z+P#Z]\^r^UWn�Q � u
ª �hZ]`�\ i%� UW`��aQ�r^f^Q�roY[Z�P#Z]\grlU[n�Q � u��eUWYÍQ�fl\M�>ZhU«\�XefgZh�aQ i QyYÄZ�rl_aXe\^U[`OQ 2yTeq= M¥jv i Q YÄZ(YWUW�OrgZhUWr^UWQjv ª 1
, �h_aUWr(f^Q�n�\^U[_a` * ª YW�a_arlUW\^LOP+Q8.À¢  ,QH\^\gQ�r^_aXV\gUW`OQ �H�hZ]Y[XOQ�Y � UW` i UWn�Q i Q�n�_a` i UW\^U[_h`O`OQ�P+Q�`�\ i Q Y[ZbP#Z]\grlU[n�Q� u�`O_h\^� �<I M�M Q�\�YWQMn�_aP+d�Z]r^Q�9yY[Z¨dOrl��n�UWf^UW_a`+P#Zhn|LOUW`OQ�`O_h\^� �ZI � E i%� Xe`OQ��]ZhY[Q�XOr�UWn�U i Q O�� � L � ¢
TVU��ZIZM�M � �ZI � E*Z]Y[_arlf¨Y[Z P#Z]\grlU[n�Q(Q�fl\ UW`��aQ�rlf^UW�OYWQ#P#ZhUWf¨Q�Y[YWQ�YWQ(flQ�rgZ iÍ� ZhXV\|Zh`�\yP+UWQ�XVp���XOQ�YWQ
rgZ]dOd{_hrl\ � �<I M�M j ��� % 
���
	�� ���lOa¢� �`��>Z]UW\��aY � U i ��ZhY�Q�fl\ i%� Z��h_aU[r �<I M�M¦�h_aU[flU[` i Q �a��n � Q�ft\ < 9 < i UWr^Q]�
i%� Z��a_aUWr � �ZIZM�M)dOr^_mn|LOQ i Q O�� L � ¢
vo_hXOf Y � Z��a_a`ef i �ts 9 i U«\jP#ZhUWf Y[Q�rl��d7��\^_a`Of+*ÍYÄZ�P#Z]\^r^UWn�Q � u `OQ i ��d{Q�` i ��XOQ i X�P#ZhU[YWY[Zh�aQ , rgZ$R#`OQC<
P+Q�`�\��eU[rlr^���hXOYÄZ]r^U«\g�8.,QH\ i Xn|LO_aU p i Q�fMP+_aYW��n�XeY[Q�f>, i Qj� 9©�h�eU[f .H¢� �YWY[Q Q�fl\�UW` i ��d7Q�` i Zh`�\gQ i X�P+_ i N�YWQ
P#Z]\gLe��P#Z]\gUW��XOQR,>YWU[`O��ZhUWr^Qj_aX-`O_a`Y[UW`O��ZhU[rlQ8.M��XOQjY � _a`�aQ�XV\¨flU[P�XOY[Q�r�¢

vo_aXef(r^Q�dOr^��f^Q�`�\^_a`Of�YWQ n�_aUW` i%� XO`9P#ZhUWY[Y[Zh�aQ�n�Zhrlr^��4 �AW O+6 � 4 �AW O+6 i U«�mU[fl��Q�` O�� � O��U[`�\^Q�rl�]ZhYWYWQ�f
i Q+P#Zh`OUWN�rlQ#rl���aXeY[UWN�rlQ ,��;u 1 ¢Â�a�X.c_aX�U[rlr^���hXOY[UWN�rlQ ,��;u 1 ¢É�h�X.H¢%vc_aXOf �a_hXOY[_h`Of�P+QH\^\grlQ+Q�`3���mU i Q�`On�Q YWQ
n�_hP#d7_art\gQ�P+Q�`�\ i X¸rgZhdOd7_art\ i Qn�_a` i UW\^U[_a`e`OQ�P+Q�`�\�� �ZIZM�M f^XOr+YWQ�f#P#_hY[��n�XOYWQ�f i ��n�r^U«\gQ�f�f^XOr+Y[Z

xzy�Å{xz|
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���aXer^Q-�(�a¢ ª Xed�ZhrgZ��]Zh`�\��;Y � U[rlr^���aXOY[Zhr^U«\g� i XP#ZhUWY[Y[Zh�aQ�ZhdOd7_arl\^Q�XO`OQ�¹�Xen�\gXOZ]\gUW_a` i Q � �<I M�M��mXeU
i _a`e`OQ:9+Y[Z©���aXOrlQ(�]�+Xe`BZhfld{Q�n�\ i Q �|\ �aY[Q _h` i XOYW��Q �³¢

+ ª £� ºxoz¨T 2y  � �<I MrM Q �DO��QL u `
·�¥ £�   �xo£�  zo  1 x¨£¤uw ¡z uwzczc  1 x¨£¤uw ¡z
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� �a¢Ø� �h¢Â���¦�V¢ �
� �a¢ R �h¢ØR �¦�V¢ �
� �a¢Ø� �h¢Â���¦�V¢ �
R �a¢ R �h¢ØR �¦�V¢ �
) �e¢ R �V¢ØR
� �e¢Ø� * �V¢Â� *
�h�OUWf �e¢Â�!) �V¢É�h�
��, r^Q�f�¢ i UWr^Q�n�\C. �G�³�V¢�� �(�³�V¢��

TVXOr(XO`P�Z]U[YWYÄZ]�aQ O�� � O��e��Y[Q�`eUW�hQ�ZhXP+_ kaQ�` i Q � �<I MrM�Q�ft\ i QoO��QL u , P+_aY[��n�XOYWQ�K.À¢�£¤_ar^fl��XOQ
Y � _a`Jn�_hP#P+Q�`On�Q�9 i ��n�Q�`�\^r^Q�r�YWQb��X�Z i rgZh`e�aY[Q svu�ZhXJf^Q�U[` i QYÄZ�P+_aYW��n�XeY[Q]�&n�Q�Y 93flQbd�Z]f^f^Q-dOYWXe\ �]\
�OUWQ�`%���a_hU[rlQ(P+U[Q�XVpB�mXeQ�YÄZ#P+_aY[��n�XOYWQ©�#d{_aXeroY[Z�dOYWXOfod�Zhrl\ i%� Q�`�\grlQ�Q�YWYWQ�f , � 9�RK.H¢ ª Y � ZhdOdOrl_Vn|LOQ i X
n�_hU[`%��Y[Z-P+_aYW��n�XOYWQ&)�n�_aP+P+Q�`On�Q&9d{_aflQ�r�dOr^_h�OY[N�P+Q ,>z� M¥ v 2�� �e¢ RUO�� L u .jP#ZhUWf�n�Q#dOr^_a�eY[N�P#Q#Q�ft\
P+_aUW` i r^Q©dOZhryrgZ]dOd{_hrl\ 9�Y[Z�P+_aY[��n�XOYWQ+� Q � �<I MrM j � ^ �4Y O��QL u `o_
m'`O_aXOfjZ��a_h`Ofy\gQ�`�\^�©��XOQ�YW��XOQ�f
ZhP+��YWUW_argZ]\^U[_h`Of�¢ 2 � Z]�{_ar i Y[Z P#_hY[��n�XOYWQ��9Q�ft\�\grlN�f�dOZhrl\^U[n�XOY[UWN�rlQ'd�Zhrln�QB��X � Q�YWYWQ3Q�fl\�n�_a`Oft\gU«\gXO��Q i X
`O_aP��Or^Q i Q���X�Z i r^Zh`O�aYWQ�f ,>vyTVK � �K.�stXefl\gQ�flX�R#fgZh`�\+d7_aXOr i ����`OUWr©YWQ�d{_hYWkm`��aP+Q]¢�£¤Q �>ZhU«\�Q�ft\+��XOQ
f^U$Y � _a`�XV\gUWY[UWf^Q�Y[Z P+��\^LO_ i Q i Q�fyP+_aUW` i r^Q�f n�Zhrlr^��f�,>P+n .od{_hXOr¨YWQ i �H��`OUWr��{`O_aXOfy_h�Of^Q�rl�a_h`Of XO`OQ�\gr^N�f
� _art\gQ�n|L�Xe\^Q i X3r^ZhdOd7_arl\ i Q©n�_a` i UW\^U[_h`O`OQ�P+Q�`�\ i Q©Y[Z�P#Z]\grlU[n�Q Q � �<I MrM j � ^ �4Y O�� L u `H¢ ª d�Zhrt\gUWr
i QjY 9e� i Q�XVpbZhXe\^r^Q�fM�h_aU[Q�fo_h`�\c�H\g� \gQ�`�\^��Q�f+*

; rl��f^_hX i r^Q(Y[Q�flkmfl\^N�P+Q i UWr^Q�nH\gQ�P#Q�`�\�Q�	K`À�{f^Zh`Ofyd�Z]f^f^Q�ryd�ZhroYÄZ#P+��\gLe_ i Q i Q�fyP+_aUW` i rlQ�fyn�Zhr^rl��f�¢xc`OQy\grlN�f�`OQ�\l\gQjZhP+��Y[UW_argZ®\gUW_a` i XrgZhdOd7_art\ i Q n�_h` i U«\gUW_a`O`OQ�P#Q�`�\ � �<I MrM � O�� L � Q�fl\oZhYW_arlf
_a�ef^Q�rt�a��Qh¢  ,Q�d7Q�` i Z]`�\���Y[Q©�>ZhU«\ i%� Xe\gUWY[UWf^Q�r�Xe`OQ�P+�H\gLO_ i Q i UWr^Q�nH\gQ#_a�OYWU[�hQ#Xe`OQ+r^��fl_aYWXe\gUW_a`�\gr^N�f
fld{��n�U«����XOQ QH\(XO`3fl\^_Vn �®Zh�hQ�dOYWXOf�U[P+d7_arl\gZh`�\R, � u�` � Q�fl\�dOYWXOf�ftkmP#�H\grlU[��XOQ .H¢�q$Zhr�ZhU[YWYWQ�XOrlf���U[Y
` � kZ©dOYWXOf i%� QH¬ÍQH\ i QjY[UWf^f^Zh�aQ�Q�\�YWQ�d7_aY«km`��aP+Q�d7Q�XV\ i _a`O`OQ�roYWUWQ�X�9 i Qj� _hrl\gQ�f�_af^n�U[YWYÄZ®\gUW_a`Of�¢

; XO`eQoQÀpV\^Q�`OflU[_h` i QcYÄZjP+_aY[��n�XOYWQy�:9jYÄZ�P#_hY[��n�XOYWQ¨���OUWf&_a�V\gQ�`�XOQcd�ZhrºY � Zhded{_art\ i%� Xe` ��X�Z]\^r^UWN�P+Q`OU«�aQ�ZhX i Qo��X�Z i r^Zh`O�aYWQ�f�¢O£�Z�P+_aYW��n�XOY[Qod�Zhflf^Q ZhYW_arlf i Q¨��9���R���X�Z i rgZh`e�aY[Q�fMZhXe\^r^Q�f,��XOQ svu�QH\
YWQ(r^ZhdOd7_arl\ i Q(n�_a` i U«\gUW_a`O`OQ�P+Q�`�\jf � ZhP+��YWU[_hr^Q�XO`'d7Q�X Q � �<I M�M j � ^ZY � O�� L u `�d�Zhr¨r^ZhdOd7_arl\
ZhXrl��f^XeYW\gZ]\c_a�e\gQ�`�XBf^XercY[Z©P+_aY[��n�XOYWQ��#Z��hQ�n�YÄZ+P+��\gLe_ i Q i Q�foP+_aUW` i Q�f�n�Zhrlr^��f�¢
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q$_aXer�YWQ�fjdOrlQ�P+UWQ�r^f�n�Z]fj\^Q�ft\gf�f^n�Z]YÄZhUWr^Q�f��¤`O_hXOfjXe\gUWY[UWf^_h`Of�Xe`OQ+n�_a` i UW\^U[_a` i Q�2¨UWr^UWn|LOYWQ�\�¢� �`3dOrgZ�<

\gUW��XOQh�V`O_aXOf&U[`�\^r^_ i XOUWf^_a`Of,n�Q�\l\gQyn�_a` i U«\gUW_a` i Qy�{_hr i i Q¨P#Zh`OUWN�rlQ¨�>ZhUW�OY[Q]¢e �` i%� ZhXe\^r^Q�f&\gQ�r^P+Q�f��e`O_hXOf
` � U[P+d7_af^_h`Of d�Zhf Y[Z �]ZhY[Q�XOr i Q©�7_ar i n�_aP+P+Q i Q��]Zh`�\v0�\^r^Q©rlQ�f^d7Q�nH\g��Q#dOZhryYWQ©d{_aY«km`��aP+Q+Zhflf^_mn�UW�+ZhX
��X�Z i r^Zh`O�aYWQ i Qo�7_ar i Q�`#\g_aXefºYWQ�f&d{_hU[`�\gfº_aX#Q�`#�hZ]Y[Q�XOr&P+_ kaQ�`O`OQ:?e`O_aXef&Xe\^U[YWUWf^_a`Of&YÄZ �]ZhYWQ�XOr i Qc�{_ar i
d�Zhr&�a_aUWQ i Q¨¹�XmpÍ¢Oq$_aXOrMn�Q�Y 9e�e`e_aXOfMdOrl_Vn�� i _a`efMn�_aP+P+Qyd7_aXOr�YWQ n�ZhYWn�XeY i%� XO`�¹�XVp i Q z�_VQyn�YÄZ]f^f^UW��XOQ
Q � j O8`MQ�`�\gr^Q��+��X�Z i rgZh`e�aY[Q�fc�h_aUWf^UW`Of Q [ � `�_Xm n��� � Q�fl\¨r^Q�P+dOY[Zhn���d�Z]rcY[Z#�]ZhYWQ�XercQÀpeZhn�\^Q(Q�\on�_h`O`�XOQZhXd7_aU[`�\ i Q 1 ZhXOf^f-Q f �:W i �C` i Xb�7_ar i `O_]\g��Qpn��� � ¢

� Q n �u � W n �� � W Mo` j O
Y � � Q n �u � W M�`{N � Q n �� � W M�`{N � a � Q �n �+`a n � � n �u � 9 n �� �  �

u Y�`OQºf � Zh�aU«\ i _a`Onºd�Zhf i Q¡�a��r^U«\|Zh�OYWQ,n�_a` i U«\gUW_a`Of i Qº�{_hr i ZhX(flQ�`Of�_Xm�Y � _a`j�]ZcP+_ i UW�OQ�r�Y � QHpVdOrlQ�f^flU[_h` i X
¹�XVp , �h_aUWryn�_a` i UW\^U[_h` i Q(�aYWUWf^f^Q�P+Q�`�\�_aX i Q i ���OU«\ d7_aXOry �XOYWQ�r .oP#ZhUWf i%� XO`OQ�QÀpV\^Q�`OflU[_h` i X�f^_aY«�aQ�XOr
Z�k�Zh`�\#d7_aXOr�dOrl_adOrlU[�H\g� i Qf^��Y[Q�n�\^U[_a`e`OQ�r+YWXOU�P 0�P+QY[Q�f+n�Zhr^Zhn�\^��r^UWfl\^U[��XOQ�f�Q�`�\grgZ]`�\^Q�f+_aXf^_hrl\|Z]`�\^Q�f�¢
ª UW`OflU�Q�\©d7_aXOr(n�Q�\ kmd{Q i Q�n�_a` i UW\^U[_a`ef©Q�`�\gr^Zh`�\gQ�f©_hX f^_art\|Zh`�\gQ�f���`O_hXOf©ZhYWY[_h`Of��a��r^U«��Q�r©Y � _hr i rlQ i X
f^n|Le��P#Z�Q�`bdOrlQ�`�Z]`�\oQ�`-n�_hP#dV\gQjY[Q�f�P#_hY[��n�XOYWQ�f i ���a��`O��rl��Q�f�¢

��&�
 � �F5�8��V- +\3�8C/10�2
vo_aXef r^Q�der^Q�`e_a`OfjY[Q�f QHpVd7��r^UWQ�`en�Q�f�dOr^��n�� i Q�`�\gQ�f�flXOr XO`�P+_ i Q Q OXW�O ` i Q ��_aXer^UWQ�r Z��aQ�n � j O+QH\� j � � . QI\��X`ºQ�`n�_a`Of^U i ��rgZh`�\M\g_hX]st_aXOrlf�Y � Q�rlr^Q�XOr���£��V�eY � _ar i rlQyR ,Ô¥ RK.H�eYWQyfln|LO��P#Z i Q z�_VQyn�YÄZ]f^f^UW��XOQ, 1 � .,QH\�YÄZ+d{_h` i ��r^Z]\gUW_a` � n \O¢7£¤Q�f�n�Z]Y[n�XOY[fcQ�¬{Q�nH\gXO��f¨d7_arl\^Q�`�\ *
; flXOr�Y[QjP+_ i N�YWQ�YWUW`O��ZhUWr^Q�,>Z i �aQ�n�\^U[_a`L.�_aX-`O_a` ,>�,XOr^�hQ�r^f .
; flXOr�Y � U[rlr^���aXOY[Zhr^U«\g� i X-P#ZhU[YWY[Zh�aQ
; flXOr�Y[Qjn|LO_aU p i QjY[Z+P+_aYW��n�XOYWQ i Qjn�_aU[`bZhYWYÄZ]`�\ i Q��r,>P+_aY>¢��K.�9&��Rr,>P+_aY>¢��h�OUWf/.,��X�Z i rgZh`e�aY[Q�f�¢

vo_hXOfbn�_a`Oft\|Z]\^_a`Of-f^XOr-YÄZ ���aXer^Q��]RJ�mX � UW` i ��d{Q�` i ZhP+P+Q�`�\ i X@P+_ i N�Y[Q]� i Q�Y � U[rlr^���hXOYÄZ]r^U«\g�3Q�\ i X
n|LO_aU p i QyYÄZ�P#_hY[��n�XOYWQ i Qyn�_aU[`Í�eY � Q�r^r^Q�XOrM��£���n�_aP+P+U[flQ Q�`�n�_h` i U«\gUW_a`�`O_a`�d7��rlU[_ i UW�mXeQyd�Zhr�r^ZhdOd7_arl\
ZhXVp�n�_a` i UW\^U[_h`OfMd{��r^UW_ i U[��XOQ�fcQ�fl\cdOYWXOfMUWP#d7_art\|Zh`�\gQ]¢�vo��Zh`OP+_aUW`Of���`e_aXOfMn�_h`Ofl\gZ]\g_a`efM�mXeQ Y � _ar i r^Q Q�ft\
\g_hX]st_aXOrlf;dOrl��f^Q�rl�h�h¢� �`(\^_aXe\gQ�f;n�U[rln�_a`Oft\|Zh`en�Q�f��aQ�\;f^XOr$Y[Q�f;d7Q�\^UW\^f�P#ZhU[YWY[Zh�aQ�f��]n � Q�fl\ < 9�< i U[rlQh�®Y 9o_Xm(Y � QH¬ÍQH\
i Qy�7_ar i f^Q¨�>Z]UW\,Y[QodOY[Xef�f^Q�`�\^U[r��O`O_aXef�`O_h\^_a`Of,��XOQ¨Y[Qyn|Le_aU«p i QyY[Z(P+_aYW��n�XOY[Qj��Q�fl\,\gr^N�f�f^Q�`Of^UW�OYWQ�P+Q�`�\
dOrl��� ��r^Zh�OYWQ 9jY[Z�P+_aYW��n�XOY[Qo�h�OUWfºn�_a`�\gQ�`�Zh`�\&dOY[Xef i Q���X�Z i r^Zh`O�aYWQ�f�¢� ,Q i Q�r^`OUWQ�r&d{_hU[`�\º��\gZh`�\&n�_a`�\gr^ZhU[rlQ
9yn�Q���XOQM`O_hXOf¡Q�f^d7��rlU[_h`OfºZhX©r^Q���Zhr i+i QMY � U[` i U[n�Q i QMn�_a` i UW\^U[_a`e`OQ�P+Q�`�\��m`e_aXOf���Zhr i Q�rl_a`Of�Y[Z P#_hY[��n�XOYWQ
�h�OUWfjQ�`stXOfl\^UW��Z]`�\�n�Q�n|LO_hU«p , P�Z]Y[LOQ�XOr^Q�XVp3dOXOUWf^��XOQ�dOYWXOf�n�_a§e\^Q�XVp�.H��d�Z]r�YWQ©�>ZhU«\���X � UWY¡ZhXe\g_hr^UWf^Q#XO`
P+Q�UWY[YWQ�XeroYWU[flfgZh�hQ i Zh`Of�Y � UW`�\^Q�rld{_aY[Z]\^U[_a`-YW_ar^fl�mXeQ�Y[Z#fl_aYWXe\gUW_a`Q�ft\¨_afln�UWY[Y[Zh`�\gQ]¢
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u YOQ�ft\�\gQ�P#def�P�Z]U[`�\gQ�`�Zh`�\ i QMd�Zhflf^Q�r¡ZhX+flkmfl\^N�P+Q��mXeQcrlQ�dOrl��flQ�`�\gQ�YWQ�f�����X�Z®\gUW_a`Ofº �XOY[Q�r��OU i U[P+Q�`A<
f^UW_a`O`eQ�YWY[Q�f�¢�u Y%n�_h`��mUWQ�`�\ i _a`On i%� ��\gZh�OYWU[rM`O_h`bdOYWXOfMXO`-d7_aYWkm`��hP#QjP#ZhUWfM��X�Z]\grlQ�Z]��` i Qjr^Q�n�_a`Oft\grlXOU[rlQ
f^Xercn|LOZh��XOQ���X�Z i rgZh`e�aY[QjYWQ�f��]ZhY[Q�XOr^f�n�_a`Of^Q�rl�]Z]\^UW�hQ�f+*

� i Q�`OflUW\^�h�tQ � q�W � � `,��X�Zh`�\gU«\g��f i QjP+_aXe�hQ�P+Q�`�\gfoQ�\ �¦Y � ��`OQ�rl�aU[Q]¢
 ,Q�d7Q�` i Zh`�\¨r^ZhdOd7Q�YW_a`Ofc��XOQjn�Q�fcr^Q�n�_a`efl\grlXOn�\^U[_h`Of¨f � QH¬ÍQ�n�\gXeQ�`�\��7d{_hXOrMn|L�Zh��XOQ���X�Z i r^Zh`O�aYWQh� 9©d�Zhrt\gUWr
i QjY[Z+P 0�P#Q�P#Z]\grlU[n�Q � upQ O��X`À¢

vo_aXef�d7_aXOrlf^XOU«�a_h`Of�YÄZ��]ZhYWU i Z®\gUW_a` i Xjf^n|LO��P�Z 9�\gr^Z �hQ�rlf i QºP�XOY«\gUWdOY[Q�f�QHpVQ�P+dOYWQ�f$_Xmj`O_aXOf¤dOrlQ�`O_h`Of
Q�`-n�_hP#dV\gQ \g_aXV\gQ�fcYWQ�f�r^Q�P�Z]r^��XOQ�f��>ZhU«\gQ�fcder^��n�� i Q�P+P#Q�`�\��19©f^Z �h_aUWr+*

; XO`eQyr^Q�n�_a`Oft\grlXOn�\^U[_a` i Q i Q��arl� � Q M j [K` i Q��]Zh`�\ i _h`O`OQ�r�ZhX�f^n|LO��P#Z#XO`eQydOr^��n�UWf^UW_a` i%� _hr i rlQ
RrQWI \V`H�

; d�Z]f i Q�d7_a` i ��rgZ®\gUW_a`Y[_arlf i QjY � Z®stXOft\gQ�P+Q�`�\¨d�ZhrMY[Z©P#�H\gLO_ i Q i Q�f�P+_aUW` i rlQ�fcn�Zhrlr^��f-Q � n \V`H�
; d�Z]f i Q�d7_a` i ��rgZ®\gUW_a` i QjYÄZ+P#Z]\grlU[n�Q i Q�z�_mQ Q g O `H¢
; YWQjfl\gQ�`On�UWY i Qjn�_aUW`-n�_a`�\gUWQ�`�\���R+��X�Z i r^Zh`O�aYWQ�fcZhXe\^r^Q�fc��XOQ-svup,Ô·�¥ £� = �xo£�  �+�,utT .H¢

�'&)( � 0 �VD � D �VD 0�2�8�3��
 �` \g_aXV\�dOrlQ�P+U[Q�r�YWU[Q�X�Q�\,f^XOr&XO`�QHpVQ�P#deY[Qy\^r^N�f&f^UWP+dOY[Q]�e`O_hXOf,fl_aXOL�ZhU«\g_h`Of,�a��r^U«��Q�r,�mXeQ¨Y � _ar i r^QoR

i Xbf^n|LO��P�Z�Q�fl\oP#ZhUW`�\^Q�`�XBQ�`BXe\^U[YWUWfgZh`�\oY[Q�fc�]ZhrlUÄZh�eY[Q�fon�_a`Of^Q�rl�]Z]\^UW�hQ�f�¢1 ,Q�\l\gQj�a��rlUW�On�Z]\^U[_a`Bf � Q�¬{Q�n�\^XOQ
Q�`�r^��ZhY[UWfgZ]`�\ºXO`eQoP+Q�flXOr^Q i%� Q�r^rlQ�XOr&��£�� f^XOr¡Y[Z i Q�`Of^U«\g�od{_hXOr¡XO`�der^_a�OYWN�P+Q i _a`�\&`O_aXOf¡n�_h`O`�ZhUWf^fl_a`Of
Y[Z+fl_aYWXe\gUW_a`-QHpeZhn�\^Q�flXOr�XO`-P�Z]U[YWYÄZ]�aQjn�Zhrlr^��4 �AW O+6 � 4 �AW O+6Ô¢

� j O N O
O�� � ����� T:Y � Q f N i 9 � Y c `C_ N ����� T:Y � Q f N i 9 � Y c `/_  

q j
� Y
Y

� j
� Y
YE j Q �R9 O ` � � 9 �

Y QIq � N � �C` � j O�� �� _Xm � j O
^]\

vo_hXOf$XV\gUWY[UWf^_a`ef;YWQ�f�n�_a` i UW\^U[_a`ef i Qº�7_ar i \g_aX®st_aXOr^f�d�Zhr�QÀpV\^Q�`OflU[_h` i X(fl_aY«�aQ�Xer i Q&zc_mQh¢³vc_aXOf�r^��ZhY[UWf^_h`Of
i Q�fon�ZhY[n�XOYWfcflXOr i U«�aQ�rlf¨r^Z$R#`OQ�P+Q�`�\^fpQ �v` i Q�P#ZhUWYWYÄZh�hQ�f�r^���aXOYWU[Q�r^f�Q�\cUWr^r^���aXOYWU[Q�r^f�¢
TVXOr¡Y[Zy���aXOrlQ¨�E)V��`O_aXOf¡n�_a`Ofl\gZ]\g_h`Of¡�mXeQoY � _hr i rlQcRjQ�fl\º�hZ]Y[U i ��f^XOr¡YWQ�flkmfl\^N�P+Q i Q�f&����X�Z]\gUW_a`Of i%�  �XOY[Q�r
UW` i ��d7Q�` i ZhP+P+Q�`�\ i Q3Y[Z `�Z]\^XOr^Q i X@P#ZhUWYWYÄZh�hQ'Q�\ i Q�Y[Z dOr^UWf^Q�Q�`�n�_aP+de\gQ i Q�f-�7_ar i f�d{_hXOr�n�QH\
QHpVQ�P#deY[Q�\gr^N�f�f^UWP#deY[Q]¢

Å�Å ÒEDGF�H.I�H
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ª i Q�fM��`ef i Q �hZ]Y[U i Z]\^U[_a`Í�O`O_aXOfMrl��ZhYWUWf^_a`Of�flXOrMYÄZ����hXOr^Q��h�V�eYWQ n�Zhf i X�\gXe�{Q 9�n|LO_mn i Q�TV_ i �$2

d7_aXOr¨YWQ���XOQ�Y;`O_hXOfydOrlQ�`O_a`efyXO`�P#ZhUWY[Y[Zh�aQ�O�� � � O�� d7_aXOrcd{_aXV�a_aUWr i �H��`OUWryY[Q�f¨P+_aYW��n�XOY[Q�f �OU i U[P+Q�`A<
f^UW_a`OQ�Y[YWQ�f�¢7£ � UW`OUW\^UÄZ]Y[UWfgZ]\^U[_h`BQ�ft\ i _a`O`O��Qjd�Zhr+*

� � j O � q j � � � j � � j YA^ � ��� f � � ^ �
� j � ^ O8Y � � q j � � � j � � j � ^ZY � � ^ � � f � O

2 � _ar^Q�f(QH\ i �ws 9e��`O_aXOf�fgZ��a_a`ef���XOQ�n�Q�n�Zhfj\gQ�fl\��hZbQ�`O�aQ�` i rlQ�r i Q�\grlN�f�� _arl\^Q�f�_af^n�U[YWYÄZ®\gUW_a`Of i X3�>ZhU«\
��X � U[YVdOr^��f^Q�`�\^Q i Q,� _art\gQ�f;d7Q�`�\gQ�f�,>n|LO_mnh� i UWf^n�_a`�\gUW`mXeUW\^� i Q,n�_a`�\|ZhnH\�� i ��\gQ�`�\gQ8.À¢!2yZ]`Of�Y[ZoP+Q�flXOr^Q�_
m�Y[Q�f
fl\^Q�`On�U[YWfºf^_a`�\ºU[P+P+_a�OUWYWQ�f¡Q�\ 9 Y � UW`��hQ�rlf^Q i Q�fºf^n|LO��P#Zhf i Q� ºv¨¥ _Xm+XO`+n|LO_aU p i X+fl\^Q�`On�U[Y�Q�fl\ºQ�¬{Q�nH\gXO�]�
`O_aXef `OQ©d{_hXe�a_a`ef�Z®\^\g��`�XOQ�r n�Q�fj_af^n�U[YWY[Z]\gUW_a`Of ��XOQ+d�Zhr¨Y � U[`�\^r^_ i XOn�\^U[_h` i Q©Y[UWP+UW\^Q�XOrlf�¢ 2 � ZhUWY[YWQ�XOrlf���YWQ
n�Z]Y[n�XOY;`OQ�d�Zhflf^Q�d�Z]fyf^U�Y � _a`�` � UW`�\gr^_ i XOU«\ d�Z]f i Q�YWUWP#U«\gQ�XOr^fyZ i LO_mnh¢> ,Q�XVp���XOQ�`O_aXefyZ��a_a`efyXe\gUWYWU[fl��f
`OQ�d{Q�r^P+Q�\l\gQ�`�\+d�Z]f i%� ��YWU[P+UW`OQ�r©`e��Zh`OP+_aUW`Of�YWQ�f(_³�hQ�rlf^LO_m_h\gf�¢�£�ZBP+UWf^Q�ZhX�d{_hU[`�\ i Q�Y[UWP+UW\^Q�XOrlf�Q�ft\
XO`'flX]stQ�\ Q�`'f^_aU>�%Z]f^f^Q32©��YW_aUW�a`O� i X'n�_a`�\gQHpm\^Q i X'n�_aXedOYÄZ]�aQ©Zh��r^_�Zhn�_aXOft\gUW�mXeQh�%�OXV\ ��XOQ�`O_aXefy�VUWf^_h`Of
9�n�_aXOrt\¨\gQ�r^P+Qh¢ ª XB�OU[Y[Zh` i Q(Y[Z����aXer^Q(�h�e��`O_aXOfod{_hXe�a_a`efyn�_a`ef^U i ��rlQ�ry��XOQ�n�Q�\ kmd7Q i Q�f^n|LO��P#Z�`OQ
n�_h`��mUWQ�`�\cd�Zhf 9 i Q�f�n�ZhYWn�XOYWfMdOrl��f^Q�`�\|Zh`�\ i Q�fMn|LO_mn�f , n�Q ��XOU�Z��]ZhU«\M��\^�jZh`O`O_a`en�� i N�fMY � U[`�\^r^_ i XOn�\^U[_h`e.
P#ZhUWfM�mXeQ�Y[Z©dOr^_h�argZhP+P#Z]\^U[_a` i XbftkVft\gN�P#Q i Q�fc����X�Z]\gUW_a`Of i%�  �XOYWQ�r�Q�ft\�n�_arlr^Q�nH\ i Zh`OfMY[Z©P#Q�f^XOrlQj_Xm
YWQ�f�`OU«�aQ�Z]XVpbXOf^XOQ�Y[f i Q�f��]ZhrlUÄZ]�OY[Q�fofl_a`�\cr^Q�\^r^_aXV�a��f�¢

�'&�
 �S- /16 =CD A.D 013 243 +\3�89/10V0�+ 895�D
¥y`'f^Q©dOrl_ad{_hf^Q i Q(f^UWP(XOYWQ�rjY � ��n�_aXOYWQ�P+Q�`�\ i%� XO`�¹�XeU i Q©dOZhf^f^Zh`�\ i%� Xe`3�H\|Z]\¨f^_a`eU[��XOQ�9 flXOd{Q�r^fl_:<

`OUW��XOQ 9©\gr^Z �hQ�rlfoXO`eQ�\^XekaN�r^Qh¢{£¤Q�P#ZhUWYWYÄZh�hQ�ft\grlXOn�\^XOr^���mXeQ�`O_hXOfon�r^��_a`Ofcd{_aXercn�Q�\l\gQ(QÀpVd{��r^UWQ�`On�Q(Q�ft\
r^��ZhYWU[fl� i Q Y Y � 	���X�Z i r^Zh`O�aYWQ�f QH\jn�_a`efl\gU«\gXeQ i _a`On�Xe`3P#ZhUWYWYÄZh�hQ(\grlN�f �arl_af^flU[Q�r i Q©YÄZ i Q�P+U;\gXVkaN�rlQ
Q d O g ^ZY YX`À¢ 2yZh`efºY[Z P+Q�f^Xer^Qc_Xm�`e_aXOf¡`OQ�n�_a`ef^U i ��rl_a`Of 9jY � LOQ�XOrlQ¨Z]n�\gXeQ�YWY[Q���XOQcY[Q�flkmft\gN�P+Q i Q�fº����X�Z <
\gUW_a`Of i%�  ¡XeY[Q�r��ÍYWQ��{_ar i d�ZhrlU[�H\|ZhY�QH\yY � Z®pVQ i Q(ftkVP+�H\gr^UWQ�d7_arl\^Q�`�\yXe`OQ(n�_a` i U«\gUW_a` i Q��aYWU[flf^Q�P+Q�`�\�¢% �`
ZhP+_a`�\ i Q Y � ��n�_aXeY[Q�P#Q�`�\���n � Q�ft\ 9 i U[rlQ�flXOrMYWQ n��h\^� ��ZhXOn|LOQ i Q Y[Z(���aXer^Q��!*V�eY[Q �7_ar i Q�fl\cn�Z]rgZhnH\g��rlU[fl�
d�Zhr i Q�fon�_a` i U«\gUW_a`OfcQ�`�\^rgZh`�\gQ�fo\gZh` i UWfo��X � 9 i r^_aU«\gQ�YWQ�fcn�_a` i UW\^U[_a`efofl_a`�\¨fl_arl\gZh`�\gQ�f�¢  ,_aP+P#Q�dOrl��n��C<
i Q�P#P+Q�`�\��¤`O_aXOfj` � UWP#d7_afl_a`Of d�Zhf i Q��hZ]Y[Q�XOr^fjf^Xer Y[Q�f �{_ar i f P#ZhUWfjZh�aUWf^f^_h`Of d�Zhr YWQ©n�ZhYWn�XeY i Q�¹�XVp
i Qozc_mQcQ�fl\^U[P+��fMZhXVp#P+_ kaQ�`Of i Q�f&�]ZhYWQ�XOrlf,UW`�\^Q�rl`OQ�f�QH\ i Q�f&�]ZhYWQ�Xer^f,QÀpm\gQ�rl`OQ�f�¢  ,Q�f&�]ZhYWQ�XOrlf,QHpm\^Q�r^`eQ�f
f^_h`�\cd7_aXOrMYWQ�fc�{_hr i f3*

; �aYWUWf^fgZ]`�\^f+*�n�_h` i U«\gUW_a`bP+UWr^_aUWr�f^XOr�Y[Z��VU«\gQ�f^flQh�
; Q�`�\^rgZh`�\^f+*�`O_aP��Or^Q i Q�·BZhn|L�9+�e¢ )m�OdOr^Q�f^flU[_a`BZ]\gP+_afldOLO��r^UW�mXeQh�
; fl_arl\gZh`�\gf+*�fl_arl\^U[QjflXOd{Q�r^fl_a`OUW�mXeQ(YWU[�OrlQh¢

vo_hXOfMdOr^Q�`O_a`OfMd7_aXOr,n�_a` i UW\^U[_a`�UW`OU«\gU[ZhYWQ
*OXO`eQ i Q�`OflUW\^� n�_a`efl\|Z]`�\^Qh��Y[Z�dOr^Q�f^flU[_a`-Z]\^P+_af^dOLe��r^UW��XOQh��Xe`OQ
�mUW\^Q�flf^Q i Q�n�_aP+d{_hfgZh`�\gQ �hQ�rl\^U[n�ZhYWQ�`�XOYWY[Q�Q�\cLO_hr^U�2�_a`�\|Z]Y[Qjr^Q�f^d7Q�nH\|Zh`�\oY[Qj`O_aP��Or^Q i Q�·BZ]n|L i Q��e�,)V¢
ª �hZ]`�\ i QjdOrl��flQ�`�\gQ�roYWQ�fcr^��f^XOY«\|Z]\^f���UWYÍ�>ZhXe\�fl_aXOYWU[�a`eQ�rcY[Q�fcd7_aUW`�\gf�f^XOU«�]Zh`�\gf3*

; YWQ�fj�7_ar i fj�H\|Zh`�\ i ���O`OU[f i Q+P#Zh`OUWN�rlQ+\^r^N�f��hr^_aflf^UWN�r^Q]��`O_aXOf�Z��a_a`ef��H\g�+_a�OYWU[�h��f i Q+P#ZhU[`�\^Q�`OUWrXO`b_ar i r^Q<��d7_aXOr�YWQ�n�ZhYWn�XOY i Q�fc¹�Xmp i Q(z�_VQ flXOrcn�Q�fo�{_hr i f�¢ÍTmU¤`O_aXOfc`OQ�r^��Z]Y[UWf^_a`efod�Z]fon�Q�\^\^Q
n�_ar^rlQ�n�\^U[_h`%�e`O_hXOf,_a�ef^Q�rt�a_a`efMXO`OQyUW`Ofl\gZh�OUWY[U«\g�o�aQ�rt\gUWn�ZhYWQ ��XOUÍf � Z]P#deY[U«��Q ZhX n�_aXOrlf i X \^Q�P+dOfMQH\
rlQ�` i Y[Qjn�ZhY[n�XOY¤fl\gZ]\gUW_a`O`OZhU[rlQjU[P+d7_af^flU[�OYWQh¢
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; `O_hXOf�Z��a_h`Of i §�P#_ i U«��Q�r&Y[Qof^_aY«�aQ�XOr i Q¨zc_mQcd{_aXer&�>ZhUWr^Q i UWf^d�Zhr^Z��[\gr^QoXO`�n|LO_mn¨Q�`�\gr^_hdOU[��XOQ¨�mXeU` � Z��]ZhUW\�rlU[Q�` i QjdOL�kmf^UW��XOQh¢
; Q�`e��`%�aYWQ�YW_a�aUWn�UWQ�YO�hrgZhdOLeU[��XOQMXe\^U[YWUWf^�Mr^��ZhYWU[flQMXO`OQMUW`�\^Q�rld{_aY[Z]\^U[_a`©YWUW`O��ZhUWr^Q�Z��hQ�nMYWQ��>ZhU[�eY[Q�`e_aP(�OrlQi Q#�]ZhY[Q�XOr^f i _a`O`O��Q�f�¢� �` n�_a`ef^����XOQ�`On�Q]� i Zh`Of�Y[Q�f�r^Q�dOr^��f^Q�`�\gZ]\gUW_a`Of©�hrgZhdOLeU[��XOQ�f©n�U <wZhdOrlN�f��$Y[Z
n�_a`O`�ZhUWf^f^Zh`On�Q i Q�Y[Z�fl_aY[XV\gUW_a` fl_aXOf¡� _ar^P+Q�d{_hYWkm`��aP+U[ZhYWQoL�Z]Xe\gQ�dOrl��n�UWf^UW_a`�` � Q�fl\&d�Zhf¡QHpVdOYW_aU«\g��Q]¢
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* ������*:0��5� 9 �6��.�����9 ����.�1 ��� ���/,;��1
vo_aXef�dOr^��f^Q�`�\^_a`Of��(n�ZhYWn�XOYWf�f^Xer�n�QyP#ZhUWYWYÄZh�hQ¨Q�`�XV\gUWY[UWfgZh`�\�\^_aX]st_aXer^f,YWQ�f,fl\gQ�`On�UWYWfMXe\gUWY[Q�f�9(Y � _hr i rlQ

R�QH\ i _a`en(YWQ�f¨P#Z]\^r^UWn�Q�f Zhf^fl_Vn�U[��Q�f d7_aXOr i ���O`OU[r¨Y[Q�fyd{_hYWkm`��aP+Q�f i%� _ar i rlQ(RO¢  ,Q�f¨\grl_aU[fon�ZhYWn�XeY[fyfl_a`�\
i U«¬Í��r^Q�`�\^fQ�`�_ar i r^Q i Q'dOrl��n�U[flU[_a`�d�Z]r^n�Q'��XOQ�`O_hXOf�Y[UWP+UW\^_a`Of�Y[Z r^Q�n�_a`Oft\grlXOn�\^U[_a`@d7_aYWkm`��hP#U[ZhYWQ?9
Y � _ar i r^Q��p, �]ZhY[Q�XOr,P+_ kaQ�`O`OQ .&d{_hXOr&YWQ¨der^Q�P+UWQ�r��G9�Y � _ar i r^Q ��,Ôvcuwv  �j�X.�d{_aXer&YWQ¨flQ�n�_h` i Q�\ 9�Y � _hr i rlQ
Rr,Ôvcuwv  � �K.�d{_hXOrMY[Q \^r^_aUWf^UWN�P+Q�n�ZhYWn�XOY>¢
TVXOrjY[Z �$u 1 ¢Â� �e�%`e_aXOf�n�_a`Oft\|Z]\^_a`Of i%� Zh�{_hr i XO`OQ#fl\|Z®\gUW_a`O`�ZhrlUW\^� i Q�Y[Z�f^_aYWXe\^U[_a`�Q�`�P#_hU[`Of i Q�)h�a�h�
U«\g��r^Z]\gUW_a`Of�QH\oXe`OQ�ZhP+dOY[U«\gX i Q i X-`e_aP(�OrlQ i Q(·bZhn|LbdeY[XOfcUWP#d7_art\|Zh`�\gQ�Z��aQ�n�Y � _ar i rlQ i Xf^n|LO��P�ZV¢
TVXOrjY[Z �;u 1 ¢Â�h�e�Í_Xm�`O_aXOfjr^Q�dOr^��f^Q�`�\^_a`Of i Q+P 0�P+Q�f�U[fl_³�]ZhYWQ�Xer^f�f^XOrjXO` 2�_m_aP i X�n�_aY i Q+YÄZ�\gXVkaN�rlQ
i Q�fofl_aY[XV\gUW_a`Of�_a�e\^Q�`�XOQ�fcd7_aXOrMYWQ�f i UW¬{��rlQ�`�\gfc_ar i r^Q�f���`O_aXefcn�_a`Oft\|Z]\^_a`Of+*

; XO`eQ&n�Zhf^flXOr^Q i Q�f�U[fl_ �hZ]Y[Q�XOr^f$d{_aXer�YWQ�f�_ar i r^Q�f$flXOd{��r^UWQ�XOrlf 9 �&��XOU�f � QÀpedeY[UW��XOQ�d�Zhr�YWQ�f�n�_a` i UW\^U[_h`Ofi Q¡�7_ar i f$�OrlU i ��Q�f 9�Y � _ar i r^Q �&d7_aXOr i Q�f$r^ZhUWf^_a`Of i%� U[`efl\|Z]�OU[YWU«\g��f��aQ�rl\gUWn�Z]Y[Q�f;n�_hP#P+Qº`O_aXOf�Y � Z��a_h`Of
i �ws 9©P#Q�`�\gUW_a`O`O�]¢

; XO`�r^Q�f^f^Q�r^rlQ�P+Q�`�\ i Q�f�U[fl_ �hZ]Y[Q�XOr^f(Z �hQ�n�Xe` _ar i r^Q#n�r^_hU[flfgZh`�\ i Q�dOr^��n�UWf^UW_a`%¢$vo_aXef(f^_hXOY[UW�a`O_h`OfQ�`On�_arlQ&��XOQ&Y � UW`�\^Q�rld{_aY[Z]\^U[_a` i Qºn�Q�f$U[fl_ �hZ]Y[Q�XOr^f�fl_a`�\;YWUW`O��ZhUWr^Q�f;QH\;��XOQ&f^Qºr^Q�flf^Q�r^r^Q�P+Q�`�\¡d{_hXOr^r^ZhUW\
0H\gr^QBQ�`On�_ar^Q�deY[XOf U[P+d7_arl\gZh`�\�f^UoY[Q�YW_a�aUWn�UWQ�Yo�argZ]dOLOUW�mXeQ�Xe\gUWYWU[f^ZhUW\�dOY[Q�U[`eQ�P+Q�`�\-Y[Q�f�f^_hY[Xe\^U[_h`Of
\^r^_aXe�h��Q�f¨f^_hXOf¨YWQ�XOr�� _arlP#Q�d7_aYWkm`��hP#U[ZhYWQ(QH\¨`O_h`B��XOQ�YW��XOQ�fo�hZ]Y[Q�XOr^fod{_a`en�\gXeQ�YWY[Q�f i XBP#ZhUWYWYÄZh�hQ
�arl_af^flU[Q�r�¢
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u Y Q�ft\Bd7_aflf^UW�OY[Q i%� _a�e\^Q�`OUWrbXe` fln|LO��P#Z i Q3\^r^N�fL�Z]Xe\gQ3dOr^��n�UWf^UW_a`�Z]dOdOYWU[n�Zh�OYWQ 9 Y[ZJrlQ�n|LOQ�r^n|LOQ i Q
f^_hY[Xe\^U[_h`Of�r^���aXOYWU[N�r^Q�f , d�Zhf i QMn|LO_mn�f .;d{_hXOr�P+_ i N�YWQcYWUW`O��ZhUWr^QM_hX©`O_a`+Q�\�flXOr�XO`+P#ZhUWY[Y[Zh�aQM��XOQ�Y[n�_a`O��XOQ
d7_aXOr#XO` n�_a§e\�`OQ�\l\gQ�P+Q�`�\ U[`V� ��r^UWQ�Xer
99 ¡v¨¥ ,>_aX @@ ¡vy¥v.H¢  ,Q�Y 93\^U[Q�`�\ Q�flf^Q�`�\^U[Q�Y[YWQ�P+Q�`�\bZhX�>ZhU«\
i Q�n�_a`OflU i ��r^Q�r©d{_aXer�n|L�Zh��XOQ���X�Z i rgZh`O�hY[Q�XO`eQ�P+_aY[��n�XOYWQ��epVQZhX n�_aXOrlf i X \gQ�P#def�¢�q$Zhr�n�Q �OUÄZ]U[f��
XO`dOrl��\gr^ZhU«\gQ�P+Q�`�\ i%� UW`��hQ�rlf^UW_a` i Q�f+P�Z®\gr^UWn�Q�f i ��d7Q�` i Zh`�\gQ�f+XO`eU[��XOQ�P#Q�`�\ i XP#ZhUWY[Y[Zh�aQ�d7Q�XV\ 0�\grlQ
Q�¬{Q�nH\gXO�Z]Xe\g_arlU[f^Zh`�\©XO`OQ�rlQ�n�_a`Ofl\^r^XOnH\gUW_a`d{_hYWkm`��aP+U[ZhYWQ�rgZhdeU i Q�\gZh` i UWf���XOQ�Y � XefgZh�aQ i Q�P+��\gLe_ i Q�f
d�Zhr#YWQ�f P+_aUW` i rlQ�f�n�Zhr^rl��f��a��`ON�r^Q i Q�f�P�Z®\gr^UWn�Q�f�flkmP+��\^r^UW��XOQ�f�d7Q�rlP#QH\^\gZh`�\�XO` P+_aUW` i rlQBn�_a§e\ i Q
fl\^_Vn �®Zh�hQ�UW`e� _arlP#Z]\gUW��XOQh¢
K�_aXe\�ZhX�Y[_h`O� i Q#n�Q�\���n�r^U«\���`O_aXef�Z��h_a`Of�dOr^UWfj��Zhr i Q i Q#der^��flQ�rt�aQ�r(ZhX3P�Z³peUWP(XeP i Q�fj_ade\^U[_h`Of i Q
n�Z]Y[n�XOY[fcf^XercYWQ�fl��XOQ�YWf¨`O_hXOf�d{_aXV�a_a`Of�P#ZhUW`�\gQ�`OZh`�\¨QH\¨Z]dOr^N�fc�H\gX i Q�`O_hXOf�d{_aflUW\^U[_h`O`OQ�r3*

; £ � _ar i rlQ
*
Y � _hr i rlQ#Re�¤n � Q�fl\ < 9�< i UWr^Qh�¤Xe`OQ�rlQ�n�_a`Ofl\^r^XOnH\gUW_a`9d7_aY«km`��aP+UÄZ]Y[Q i Q i Q��hr^�#�-Q�fl\�n�Q�Y[XeUº��XOUºZhflf^XOrlQ
XO`eQc�7_a`O`eQMdOr^��n�UWf^UW_a` d7_aXOr�\^_aXOf�YWQ�f¡P+_ i N�Y[Q�f¡`mXeP#��r^UW��XOQ�f&Q�`��mU[f^Zh�a��f,Z��aQ�n�XO`#P+_aUW` i r^Q�n�_a§e\�¢
xc`b��Z]U[` i Q��h�<9©R��©Q�ft\¨_a�V\gQ�`�X-d�ZhrMr^ZhdOd7_arl\ 9©Y � _ar i r^Q�� , �;u 1 ¢�� � 9&� �K.H¢

; £�Z©d{_h` i ��r^Z]\gUW_a` i QjYÄZ��mUWf^n�_hf^U«\g��`mXeP#��r^UW��XOQ
*
YWQ,d�Z]rgZhP+N�\^r^Q��+�mXeUed7_a` i N�r^Q,Y[Z¨P#Z]\^r^UWn�Q i Q�z�_VQ&Zo�H\g��Q�`��mUWfgZh�h� i Q,P#Zh`eU[N�r^Q��7_V_hY[��Q�`O`OQ ,Ô�c_aX
� .À¢O �`f^XOdedOr^UWP#Zh`�\oY[Z�P#Z]\grlU[n�Q i Qjzc_mQ , � j �K.À�eYWQ�fMn�ZhY[n�XOYWfc`eQ d{Q�Xe�aQ�`�\ 0�\^r^Q QH¬ÍQ�n�\gXe��f���XOQ
d7_aXOr¡XO`#P+_ i N�Y[QcYWU[`O��ZhUWr^Q>,>UW`Ofl\gZh�OUWY[U«\g��f,f^UW`O_a`L.�QH\,Xe`�flQ�P(�eYÄZh`�\ i QoflXOd7Q�rºn�_a`��aQ�r^�aQ�`On�QyZhdOd�Z�<
r^Z��Ä\&XO`OUW��XOQ�P+Q�`�\�flXOr,P#ZhUWYWYÄZh�hQorl���aXOYWUWQ�r,P#ZhUWf,dOZhf,d7_aXOrºY � _ar i r^QoRO¢ 2¨Qo�>ZhU«\���`O_hXOf,n�_a`Of^Q�U[YWYW_a`Of
UWn�U>��Y � XOf^Zh�aQ i X-f^n|LO��P�Z i Q�zc_mQ n�Y[Zhflf^UW�mXeQ , � j O .À¢

; £�Z©d{_h` i ��r^Z]\gUW_a` i QjYÄZ©P+��\^LO_ i Q i Q�fcP+_aU[` i r^Q�fcn�Zhr^rl��f3*
i Z]`Of©Y[Q�n�Z i rlQ i%� XO`P�Z]U[YWYÄZ]�aQ�U[rlr^���aXOYWU[Q�r���UWY�d7_aXe�]ZhU«\©d�Zhr^Z��Ä\^r^Q�r^ZhUWf^_a`O`OZh�OYWQ i Q�dOr^Q�` i rlQ�Q�`
n�_aP+de\gQ YWQ�f i U«¬Í��r^Q�`On�Q�f i%� Zhfld{Q�n�\ i Q n|L�Zh��XOQj��X�Z i rgZh`O�hY[Qjn�_h`Ofl\^UW\^X�Zh`�\�Y[Qjft\gQ�`en�UWYÔ¢  ,Q�n�U�Z���\^�
\^rgZ i XeUW\¨d�Zhr¨YWQ�d�Z]rgZhP+N�\^r^Q � f^_aXefyR i ��n�YWU[`�Z]U[fl_a`Of�¢ ª X��OUWYÄZ]`%�Í`OQ�d�Zhf¨�>Z]U[rlQ i Q�d7_a` i ��rgZ®\gUW_a`Q � j O `�f^Q�P(�OYWQ 0�\^r^Q3Y � _ade\^U[_h` _adV\gUWP�Z]Y[Q3`OQ3f^Q�r^ZhU«\Bn�Q���XOQ�f^XOr-Y � ��n�_a`O_aP+UWQ i Q�Y � Q�f^d�Z]n�Q
P+��P+_aUWr^Qj��X � Xe\gUWYWU[flQ(XO`OQ \^Q�YWY[Qjd7_a` i ��rgZ]\^U[_a`Í¢

q;Z]r�ZhUWY[YWQ�Xer^f��º`O_aXef�Z��a_a`ef �a��r^U«������XOQBY � _ar i rlQBR���\|Z]UW\�\g_aX]st_hXOr^f#dOr^��f^Q�rl�a�'d7_aXOr#` � U[P+d7_arl\^QB��XOQ�Y
P#ZhUWY[Y[Zh�aQ ,>rl���aXeY[UWQ�r+_aXJU[rlr^���aXOYWU[Q�r/.©Q�\#d{_hXOr©` � U[P+d7_arl\^Q-��XOQ�Y�P#_ i N�Y[QU,>YWU[`e��ZhUWr^Q_aXJ`O_a`JY[UW`O��ZhU[rlQ8.À¢
 ,Q�d7Q�` i Zh`�\��{`O_aXOfc`O_h\^_a`OfcXO`OQ i ���ar^Z i Z]\^U[_a` i Q�YÄZ#dOr^��n�UWf^UW_a` i N�f¨YW_ar^fc��XOQ(Y � _h`B`OQ�n�_a`OflU i N�r^Q�dOYWXOf
i Q�f��{_hr i f$d{��r^UW_ i UW��XOQ�f�¢  ,Q�d7_aUW`�\�d7Q�Xe\;f � QHpVdOYWU[��XOQ�r i%� Xe`OQ�d�Zhrt\�d�Z]r$Y[Z i ���a��`O��r^Q�f^n�Q�`On�Q i Q�f�fl\^Q�`On�U[YWf
f^Xer Y[Q�f��7_ar i f Q�\jd�Z]rl\gUWn�XeY[UWN�rlQ�P+Q�`�\�f^XOrjYWQ�f n�_aU[`ef�_
m'Y[Q©n�_a` i U«\gUW_a`O`OQ�P+Q�`�\ i Q©YÄZ�P#Z]\grlU[n�Q i Q��mUWQ�`�\
dOYWXOf+P#ZhXe�]ZhUWf©�mX � ZhUWYWY[Q�XOr^f�� i%� Z]Xe\grlQ�d�Zhrl\ i Zh`Of©Y � QÀpeder^Q�flf^UW_a` i Q�f+n�_a` i UW\^U[_h`Of i Q��{_hr i f©��XOQ�`O_hXOf
Q�flfgZ�ka_h`Of i Q �>ZhUWr^QjUW`�\^Q�rt�aQ�`eU[r i Q�P#Zh`eU[N�r^Qj�>ZhU[�eY[Q]��n � Q�fl\ < 9�< i UWr^Q�d�Zhr�n�ZhYWn�XeY i Qj¹OXVp i Q�zc_mQh¢�u Y¤rlQ�fl\^Q
i _a`en#Q�`On�_hr^Q�9�n�Q�\�����Zhr i ��XOQ�YW��XOQ�f�U[`e`O_ �hZ®\gUW_a`Of:9���\gX i U[Q�r i Q#P#Zh`eU[N�r^Q�9�`OQ+d�Zhfv0�\^r^Q+_a�OYWU[�h� i Q
r^Q�fl\^r^Q�UW` i rlQ�YWQBn�Z]Y[n�XOY i QBY � ��n�_aXOYWQ�P+Q�`�\�fl\|Z®\gUW_a`O`�ZhUWr^Q�9�XO` _ar i rlQ �Bf^XOr#Y[Q�f��7_ar i f�¢[¢W¢&q$_aXOr#n�Q�Y 9V�
s � U[P#Zh�aUW`OQ \grl_aUWfcdeU[ft\gQ�f 9©f^XOU«�mr^Q:*

; £¤_arlf^��XOQ�YWQ(P#ZhUWY[Y[Zh�aQ(Q�fl\¨�ar^_hf^f^UWQ�r¨Q�\y��X � UWY;r^Q�P+dOYÄZ]n�Q i Q�fy�{_hr i fon�_aXOrl�{Q�fyd�Zhr i Q�f¨f^Q��hP#Q�`�\gf
i Q i r^_hUW\^Q�f , n�_aY i Q�Y[Z�\gXVkaN�rlQ8.À�ÍUWY�kBZ XO`OQ�d{Q�rl\^Q i Q(der^��n�U[flU[_h`3YW_arlf i Q�Y � U[`�\g���argZ®\gUW_a`�d�ZhroY[Q�f
d7_aUW`�\^f i Q 1 ZhXOf^f�¢]u Y��>ZhX i rgZhU«\$d{_aXV�a_aUWr i _h`O`OQ�r�Y[Zon�_hXOr^�OXer^Q i X��{_hr i QH\�Z��h_aU[r$XO`OQ&U[`�\g���argZ®\gUW_a`
fld{��n�U«����XOQh¢
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; 2yZ]`Of�YÄZ©P+Q�flXOr^Qj_Xm-Y[Q�f�n�_a` i UW\^U[_a`ef i Q �{_ar i f�f^_a`�\�UW`�\gr^_ i XOU«\gQ�fodOZhr i Q�fM�]ZhYWQ�XOrlf�QHpm\g��r^UWQ�XOrlQ�f
ZhX i _hP�Z]U[`OQ]��U[YMQ�fl\#Q�`��mUWfgZh�aQ�Zh�OYWQ iÍ� UW`On�YWXOrlQ i Z]`Of+Y[Q�f�ft\gQ�`en�UWY[f i Q�{_hr i f i Q�f���X�Z i rgZh`e�aY[Q�f
�mUWrl\gXeQ�YWf;n�_h`�\^Q�`�Z]`�\;n�Q�f$�]ZhYWQ�XOrlf;QHpm\^��r^UWQ�Xer^Q�f;Q�\$YÄZhUWf^f^Zh`�\�Z]U[`OflUVXe`OQ&P+_aYW��n�XOYWQ,_Xm�Y[Qº��X�Z i r^Zh`O�aYWQ
n�_a`Of^U i ��r^��f^Q�r^Z#P+_aUW`Of i ��n�Q�`�\^r^�h¢

; vc_aXOf�d{_aXV�a_a`Of�Q�flfgZ�kaQ�r i%� _a�e\^Q�`OUWr$Xe`(P+Q�UWY[YWQ�Xer;n�_h` i U«\gUW_a`O`OQ�P#Q�`�\ i Q�f$P#Z]\^r^UWn�Q�f$Q�`�n|L�Zh`O�aQ�Zh`�\
i Q(��Zhf^Q©d7_aY«km`��aP+UÄZ]Y[Q]¢%q;Z]r QHpVQ�P+dOYWQh�¤YWQ�fyd7_aY«km`��aP+Q�f i Q©K�n|LOQ���k�\^n|LOQ���\g_hXe\yQ�`3n�_a`�\gUW`�X�Zh`�\
99�aZhr i Q�r i Q�f�QHpVdOr^Q�f^flU[_a`efbYW_Vn�ZhYWQ�f , r^��� ��r^Q�`On�UWQ�Y ��Z]rlkmn�Q�`�\^r^UW��XOQ8.À�MQ�`�dOr^��f^Q�rl�]Zh`�\YÄZ9�]ZhYWQ�Xer
P+_ kaQ�`O`OQ�n�_aP+P+QB\^Q�r^P+Q'n�_a`Ofl\gZh`�\Q�\�Q�` Xe\gUWYWU[f^Zh`�\�\g_aX]st_hXOr^f�Xe`OQ�P+��\^LO_ i Q i Q'P+_aUW` i r^Q�f
n�Zhr^rl��f�¢

 �`e��`%�{U[Y$`OQ(�>ZhXV\yd�Zhf¨_aXO�OYWU[Q�ry��XOQ©YWQ�fyfl_aY[XV\gUW_a`Of _a�e\^Q�`�XOQ�f d�Zhr¨n�Q(\ kmd{Q i Q�f^n|LO��P#Zhf f � QHpVdOrlU[P+Q�`�\
f^_hXOf�� _ar^P+Q�d7_aY«kV`G�aP+UÄZhYWQ�Q�\�`O_a`Q�` �]ZhYWQ�XOrlf+d{_a`en�\gXeQ�YWY[Q�f�¢º·r0�P#Q�flU�YWQ�P�Z]U[YWYÄZ]�aQ�Q�ft\+d�ZhXe�mrlQ�Q�`
`O_aP��Or^Q i Q+d7_aUW`�\^f��¤UWY�Q�ft\�d{_aflf^UW�OYWQ i Q#n�_a`O`�Z��Ä\^r^Q+Q�`3` � U[P+d7_arl\^Q©�mXeQ�Y�YWU[Q�X i X i _aP#ZhUW`OQ+Y[Z��]ZhYWQ�Xer
i QX,>f/.�UW`On�_a`e`mXeQK,>f . 9jY � _ar i r^Q i Qoder^��n�U[flU[_h` i X fln|LO��P#Ze¢G � Q�fl\,YÄZ � �X< QÀpOZ]n�\gU«\gX i Q �³¢mq�_aXOr,Q�` dOrl_h�O\^Q�r��
UWY�Q�fl\º`O��n�Q�f^fgZ]U[rlQ i Q�P+Q�\l\gr^QcZhX#d7_aU[`�\¡XO`#YW_a�aUWn�UWQ�Y��ar^ZhdOLOUW��XOQod7_aXe�]Zh`�\¡�ar hn�Q 9 Y[Z�n�_a`O`�ZhUWf^f^Zh`On�Q i Q�f
f^_hY[Xe\^U[_h`Of�d7_aYWkm`��hP#U[ZhYWQ�f�der^_]stQH\gQ�r�ZhXOf^flU&��`eQ�P+Q�`�\+��XOQ�fl_aXOL�ZhU«\g� Y[Q�f��]ZhYWQ�XOrlf�_a�e\^Q�`�XOQ�f�¢7 ,Q�` � Q�ft\
��XOQ��ar hn�Q 9¨n�Q&\ kVd7Q i Q,Y[_a�hU[n�U[Q�Ye��XOQ�n�Q�`O_aXe�hQ�ZhX©fln|LO��P#Z f^Q�rgZ¨Q�`©P+Q�f^Xer^Q i Q&P#_h`�\^r^Q�r�f^_a`+Z��]Zh`On���Q]¢

2yZh`OfjYWQ�fjd7Q�r^fld{Q�n�\^UW�hQ�f i Q+dOY[Xef�Q�`�dOY[Xef�L�kmd7_h\gLO�H\gUW��XOQ�f�d{_hXOr P+_aU�YW_ar^fl�mXeQ s � ��n�r^UWfjn�Q�fjYWU[�h`OQ�f��
s � Z®st_aXe\^Q�rgZ]U%��XOQ
*

; Y � Z]dOdOr^_mn|LOQ�`O_a`Bft\grlXOn�\^XOr^� i XBP#ZhUWY[Y[Zh�aQ�` � Q�fl\yd�ZhfcXO`�r^��Q�Y�dOr^_h�OY[N�P+Q i Zh`ef¨Y[Z�P+Q�flXOr^Q�_Xm�YWQn�_ i Q©UW`e� _arlP#Z]\gUW��XOQ+Zhn�\^XOQ�Y;n�_a`OflU i N�r^Q i �wslZ i Q�fj��X�Z i rgZh`O�hY[Q�f `mXeP#��r^_h\^��fjfgZ]`OfjZ��a_aUWr �{Q�f^_aUW`
i Q �>ZhUWr^Q rl��� ��r^Q�`en�Q�9#flQ�f�n�_m_ar i _a`O`O��Q�fcfl\grlXOn�\^XOr^��Q�f�¢

; Y � Z]dOdOr^_mn|LOQ�P�XOY«\gU < ��YW��P+Q�`�\^f�, \grlUÄZ]`O�aYWQ�f¨QH\ ��X�Z i r^Zh`O�aYWQ�f .oQ�ft\ f^Xef^n�Q�de\gUW�OYWQ i Q�d7_af^Q�r i Q�f dOr^_:<�OYWN�P+Q�fod7_aXOrMY[Z#n�_a`Oft\gr^Xen�\gUW_a` i Q�fcfl\^Q�`On�U[YWfcn�_aP+d�ZhnH\gf�¢
; UW`On�YWXOrlQZhX f^n|LO��P#Z� �XOYWQ�r+ZhnH\gXOQ�Y�YWQ�f�\gQ�r^P+Q�f i Q��mUWf^n�_af^U«\g�-Z i ����X�Z]\gQ�f+ZhX flkmft\gN�P+Qbv¨Z��mU[Q�rTm\^_ �hQ�fod7_aflQ i Q�XVpder^_a�OYWN�P+Q�f+*

; Q�fl\^U[P+Q�r#YWQ�f i ��rlUW�h��Q�f f^Q�n�_a` i Q�f i Q�f©�]ZhYWQ�XOrlf+d�Zhr©Y[Z i ��r^U«�a��QBflQ�n�_h` i Q i Q�f+d7_aYWkm`��hP#Q�fder^��flQ�rt�aQ <Ð\ < U[Y�Y � _ar i r^QjR i X-f^n|LO��P#Z��
; Y[Z+P#UWf^Q�ZhX-d7_aU[`�\ i Q�fcn�_a` i U«\gUW_a`Of i Qj�7_ar i f�¢

ª der^N�f#��XO_aU>��YÄZ�dOrl_a�argZ]P#P#Z]\^U[_h` Z®pVUWflkmP+��\^r^UW�mXeQ�Z�k�Zh`�\���\^� i �ws 93UW`�\grl_ i XeUW\^Q i Zh`Of�4 � � 6Ð��n�Q-\ kmd7Q
i Q�f^n|LO��P�Z�d7_aXOrlrgZhU«\o�hQ�`OUWr Zhded{_art\gQ�roXO`eQ�\grlN�fyLOZhXe\gQ�dOr^��n�UWf^UW_a`?9 i Q�fyn�_ i Q�fy`�XOP+��rlU[��XOQ�f n�_aP+P+Q
 �qºT{¢
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