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Steepest descent direction
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6 lS< b 8T>�<�838R?E8U>�<<m�8G>hnH88e�<:l 6 s5<Pb 8?e 6 m�8 )�c�e�mV< b 8{i 6 n�c	i�88eE88suf�o}p�W:XZY^w  " Ä,! ")� l 6 s
<Pb 8{e 6 m�8-)�? 6 >A;=<�; 6 eE8Am�c�< ! " X

[ XB\]83<�^`_ � �+*3c�e�m ! a�bdc" �+! " X

W:X0^�_$� �f^`_ � 
 /gX

h XBiGl@^`_ �Cj / * >&83< ! " �+! a�bdc" c�e�mN>�< 6 ?mX

YnXB\]83<- ����+ " Ä�! "8�{c�e�m  � �+ " Ä�! � �AX

q X��S8���eE8�c��)j~c�m�sAc�<�;Pn  �Ä � �.�
	 ��� 
�
 � 
 ��9 q�b 88s38N<Pb 8ts38Ac	i�e�j�a?kH88s >T?:9��
c�e�m�sSc�sQ8w< 6 kH8?m�83<x88s8ao;PeE8Am >hj�nWb < b�c�<  tÄ�*����  ���9  tÄ � ����� � �  � c�e�m
 ��PÄ�*��-�+� t �  " Ä,! ")�AX

z X �M;Pe�m5<Pb 8<ao;Pe:;Pa?j�a 6 l0<Pb 8��)j�c�m�sQc�<R;Pnzk)ok?§jy<�<�;PeVf  � Ä � � � *�� � � � 
 #X£�	
p�>&838��M; f�j~s38 h XDW}pui 8Cl�< w�wgX

� XBiGl@{�	�� *Q|w< b 8We
; l@{�p0 " Ä�! � ��	  " Ä�! " ��wx|T<Pb 88e

! " ��! �
>�< 6 ?

88e�mV; lIp�>&838��M; f�j~s38 h XDW}prs�; f^bg< w�w
; l@{�p0 " Ä�! � ���� " Ä�! " ��wx|w<Pb 88e

! � �+! � �¥Ä�! � � ! " �$#6£
f 6 < 6 >�<�8�? W

88e�mV; l&X

� XBiGl@{�	Cj *Q|w<Pb 88e
! 	A
 �" �+! "�
 ��� � q�b 8WsQ8

� ���V^������ 
 #6£�	 �6mP;L>�<rc�e�nH8�kH83<rqM8388e ! " c�e�m ! ��� �
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Energy 
Quadratic

− q / 2p

Ej

Ej( Xj )

XaXj Xa

Energy

Quadratic

Ej

Ej(Xj)

Xj

0�@C|	;�=QFw�~x £ � ��UVJIFZ>�U�OAOY@C[�@CEC@GLQ@GF6O��uU	=zLAN�F�@CB�F)¬�H	D8LzEC@CB�F�OYF6H6=�D�N:x
; l@{  " Ä�! 	�
��" ��	� " Ä�! "8�=|T<Pb 88e

! " ��! 	A
 �"
>�< 6 ?

88e�mV; l
; l@{  " Ä�! 	�
��" ���� " Ä,! " � |T<Pb 88e

! � �+! � �¥Ä�! � � ! " �$#6£
f 6 < 6 >�<�8�? W

88e�mV; l&X

��B}[�UVLQN�U^�<LAN�FIH6[�U^��F�H^EG|	UV=Q@CLAN�J'OZ��F�H^EGECU6�¿H'B�U��~FILAUg[�F��~@POR>�EPHVD�F6��U	B�EG_
@v��LQN�@TO�=QFX�~;�D�F6OzLQN�FSECU�DhH^E/F)B�F)=Q|V_ � UVLQN�Fh=Q�z@PORFS@GL�O�>�=AF)��@CU	;�O°>�U�OR@CLA@CU	B�@TO�=QFhL�H^@GB�F6� �
�z@GLQNILAN�F�H	OAOY;�J�>�LQ@GU	BtLQN�H6LzLQN�@TO �z@GECE�[�FZ@CJ�>�=QU6��F6�S@GB�LAN�FZB�F)¬�L�B�U��~F�JIU6��F)JtF)B�L
OR��F)F)> x�y�D�UVJI>�H6=Q@PORU	BZU6��[�U	LANSLQN�F�EG@CB�F JI@CB�@GJ�@TOQH6LQ@CUVB<OYLA=�H^LAF)|	@GF6O:�z@CLQN�=AF6OY>�F6D�L§LQU
LAN�F<¨©;�H^EC@GLR_-U6�:JIFXOYN�F6O:HVDWN�@CF)��F6�{H^B��?LQN�F<D�U	JI>�;�L�H6LQ@CUVB�H^E���UV=Q�{@CB���U	EC��FX� @GB?F6H	D�N
@TO�|	@G��F)B�@CBM��N�H6>�LQFh=Z��x �<F)B�F)=�H6ECEC_ � F)¬�H	D8LZEC@GB�F?ORF6H^=�DWN�>�=AU6�~@T�~F6O�[�F)LALQF)=�¨�;�H6EC@CLR_
JIFXOYN�F6O:D8U	JI>�H6=QF6�ZLAUZ;�OY@GB�|�H6B?@CB�F)¬�H	D8L:EC@CB�F�ORF6H^=�DWN � N�U6��F)��Fh=:LQN�@TO�@GB~��UVEC��F6O�JIU	=AF
D�UVJI>�;�L�H^LA@CU	B�H^E���UV=Q�§x ��@CB�D8F�UV;�=?H6@CJK@CB�LQN�@TO-D�N�H6>�LQF)={@POZLQU H	D�N�@CFh��F?LQN�Ft[�F6OYL
>�U�OAOY@G[�ECF�¨©;�H6EC@GLY_�JIF6OYN�F6O � ��F�;�OYF�F)¬�H	D�L�EC@GB�F/JI@GB�@CJI@GOAH^LQ@GU	B��uUV=�LAN�F�LQF6ORL�>�=QU	[�ECF)J'O
>�=AF6OYFhB~LAF6�I@CB ��FXD�LQ@GU	BK�~x �~x
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0�U	=�LQN�F3ECU�D)H6EZ=QF�Å�B�F)JIF)B�LS>�H^=QL�U^�{U	;�=�LY��UM��@CJIF)B�OY@CUVB�H^E<H6EC|VU	=Q@GLQN�J ��FgN�H)��F
@GJI>�ECFhJ�F)B�LQFh�I[�U	LQN�U	B�F)��LAU	�uLR��U3H^B���U	B�F)��LAU	�P�uU	;�={F)ECFhJIF)B�L�=QF8Å�B�F)JIFhB~L<OADWN�FhJIF6O
HVO«��@POQD8;�OQORF6�¡@GB ��F6D�LA@CU	B £~x 2 x���H	D�N�U^�{LQN�F6OYF3N�H)��FgLQN�F)@C=t[�F)B�F�Å�L�OIH^B�� LQN�F)@G=
�~=�H)�z[�H	D���O8x 0�UV=�LAN�FSUVB�F)�uLQUV��LR��U�=QF�Å�B�F)JIF)B�LzOADWN�FhJIFZLQN�FS|	FhU	JIF)LA=Q@TDZ¨©;�H^EC@GLR_�U6�
LAN�FgJIFXOYN!ÄrH	O�|V@C��F)B�@GB ��F6D8LQ@CUVB /Vx`��x��~�t��F)LQF)=A@CUV=�H^LAF6OtH	O�LAN�FgB�;�Jt[\Fh=?U^�{ECU�D)H6E
@GB�OYF)=ALQ@GU	B�OZ@CB�D�=QF6HVOYF6O8x � U	B�|�H^B���LQN�@GB}FhECF)JIFhB~L�O�J'H)_gH6>�>�F6H^={JIU	=AFS�u=QF6¨�;�F)B�LQEG_
LAN�H^BI�zN�F)BI;�OR@CB�|{LQN�FZUVB�F)�uLQUV� �uUV;�=z=QF�Å�B�F)JIF)B�L OQD�N�F)JIF�H^B��ILQN�@PO�D)H^B�=QF6�~;�D�F�LAN�F
|VF)U	JIFhLQ=Q@TD�¨©;�H6EC@GLY_'U6��LAN�F?JIF6ORN:x<��U6��F)��Fh= � �uU	={ORU	JIF{>�=QUV[�ECF)J�O�ECU	B�|'H^B���LQN�@CB
F)EGF)JIF)B�L�O�D)H6B�[\F3[�F)B�F�Å§D8@PH^E��uU	=tLQN�F3HVD)D�;�=�H^LQF3H6>�>�=QU6¬�@CJ'H6LQ@GU	BMU6�{OYUVJIF'OYN�H^=Q>
�uF6H6LQ;�=AF6OzU^� LQN�F OYU	EG;�LQ@GU	B:x ��B'LQN�@TO�D)HVOYF�LQN�FSU	B�F)��LAU	�uLR��Ut=QF�Å�B�F)JIF)B�L�OQD�N�F)JIF�D)H^B
>�F)=R�uU	=QJ­[�F)LALQF)=hxZy�ETOYUtLQN�F{B~;�Jt[�F)=�U6��B�U��~F6O�@GB�OYFh=QLQFX�«@CB3U	B�F{>�H	OAOZU^��LAN�FSUVB�F)�
LAU	�uLY��US=AF�Å�B�F)J�F)B~L OQD�N�F)J�Fz@PO/J�;�DWN?EGF6OQO/LQN�H^BI�z@GLQNILAN�F�UVB�F)�uLQUV� �uUV;�=z=QF�Å�B�F)JIF)B�L
OADWN�FhJIF'H^B��¡@CLtJ'H)_�[\F�>�U]OQOY@G[�ECF3LQU H	D�N�@CFh��F'HM�~F6OR@C=AF6��H	D)D�;�=�H	D8_¡�z@GLQN��uF)��F)=
F)EGF)JIF)B�L�O8x

��@CLAN�LQN�F�UVB�F)�uLQUV� �uUV;�='=QF�Å�B�F)JIF)B�LtOQD�N�F)JIF�LQN�F�|VF)U	JIFhLQ=Q@TD'¨©;�H6EC@GLY_�U6�SLAN�F
JIFXOYN�DhH^Bg[�F?[�F)LALQF)=ZJ�H^@CB�L�H6@CB�FX��x<��U6��F)��F)= � JIUV=QF{F)ECF)J�F)B~L�O�J'H)_I[�F?=AF6¨©;�@C=QFX�
LAU¡UV[�L�H6@CBªH��~F6OY@G=QF6��HVD)D�;�=�H	D�_ � H	O'D�UVJI>�H6=QF6��LQU�LQN�F�U	B�F)��LAU	�uLR��U�=QF�Å�B�F)JIF)B�L
OADWN�FhJIF�x10�U	=zU	;�=�LAF6OYLz>�=AU	[�EGF)J'O/>�=AF6OYF)B�LQFX��@GB ��F6D8LQ@CUVBK�~x � � ��FZN�HX��F�;�ORF6�I[�U	LQN
U6��LQN�F{H6>�>�=QU]H	D�N�F6O<�~@POAD�;�OAOYF6�IN�F)=AF��uU	=�D�UVJI>�H^=A@PORU	B:x

®°¯Q±�¯�® ����µ:´�¼?¾���¼���»�¾��<¾ ¯! �¼"�$#Z´�¼�¾���¼���»�¾

��LS@TO?OYN�U6�zB�@CB ��F6D�LA@CU	B�£~x £�x �gLAN�H^L?[�_MORU	EG�~@GB�|�H�OYF6¨�;�F)B�D�FIU^�<EGU�D)H^Ez>�=QU	[�ECF)J'O
@GLQF)=�H^LQ@G��F)EC_�U	B�H�Å�¬�F6�gJIF6ORNg@CL<@PO<>\U]OQOR@C[�EGF�LAUIU	[�L�H^@GBMH�|VECUV[�H^E�OYUVEC;�LA@CUVB�U^�zLAN�F
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JI@GB�@CJ�@COAH^LA@CU	B�>�=QUV[�ECF)J Är£~x £��:U	B?LAN�H^L�JIF6ORN:x/Â<;�=�N�_�[�=Q@T�SH^EG|	UV=Q@CLAN�J @PO:LQN�Fh=QF��uUV=QF
�~FXOY@C|VB�F6��@CB OY;�D�N H«�zH)_�LAN�H^L�@CL�B�Fh��F)=ZB�F)FX��O�H«|	EGU	[�H6EzORU	EC��F?U6�<LQN�Ft>�=AU	[�EGF)J �
F)¬�D�F)>�LS>�U�OAOY@C[�EC_�U	B¥LQN�F'@CB�@CLQ@TH^E�Å�¬~FX�¡D8U�H^=�OYF'JIF6ORN:x ��B�OYLAF6H	� � @GL?;�>§��H^LAF6O�LAN�F
B�U���H^E�OYUVEC;�LA@CU	B��VH^EG;�F6OZ�~;�=Q@CB�|«LAN�F?B�U��~FtJIU6��F)JtF)B�LzOYLAF)>�[�_�OYUVEC��@CB�|'LAN�F?ECU�D)H6E
>�=AU	[�EGF)J'OSÄr£~x 2 ���uUV=SF6HVDWN�B�U��~F�@CLQFh=�H^LA@C��F)EG_'@CJIJIFX�~@GH^LQFhEC_'H)�uLQF)={LQN�Ft>�U�OY@GLQ@GU	BMU6�
LAN�H^LzB�U���F-N�H	O�[�F)F)BI;�>���H^LQFX��x�yz�uLQF)=�F)��F)=A_tH^>�>�EC@PDhH^LQ@GU	BIU6��LQN�F�F6�~|	F OY�zH6>�>�@GB�| �
y�EG|	UV=Q@CLAN�J � � H6B�� LAN�F�ECU�DhH^E�����=AF�Å�B�F)J�F)B~LtORLQF)> � HMB�U��~F�JIU6��F)JtF)B~L OYLAF)> @TO
;�B��~F)=QL�H^��F)B'�zN�@TDWN�N�H	OzLQN�F�F�¦§F6D8LzU^��;�>§��H6LQ@GB�|�LAN�F{OYUVEC;�LA@CU	B'F6ORLQ@GJ'H^LAF�x

��LSN�HVOS[�F)F)BMUV[�OYF)=A��F6�}N�U6��F)��F)=�LQN�H6L � H6ECLQN�U	;�|VN¡B�U	L?B�F6D8F6OQOAH^=Q_�LQU�HVDWN�@CF)��F
D�UVB~��Fh=Q|	FhB�D�F � @ ��LQN�Ft|	EGU	[�H6Ez>�=QUV[�ECFhJÃ@PO�OYUVEC��F6�MH6LS@GB~LAF)=QJIFX�~@PH6LQF�>�U	@CB�L�O�@CBMLAN�F
y�EG|	UV=Q@CLAN�JK��LQN�F'D8U	B���F)=Q|VF)B�D�FtU^��LQN�F�U	>�LA@CJI@TOQH^LA@CUVB}>�=AU�D�F6OAOSJ'H)_�[\F3HVD)D�F)EGF)=Q�
H6LQF6��x/0�;�=ALQN�Fh=QJIUV=QF � LQN�@TO/J'H)_SECFXH	�?LQU{HS�~@v¦§F)=QF)B�L��~U6�zBIN�@CECE�F)B�F)=A|	_?>�H6LQNt[\Fh@CB�|
�uUVECECU6��F6�}�zN�@TDWN¥D)H6B¡EGF6H	��LQU H��~F6OY@G=QF6��HVD)D�;�=�H	D�_�[�F)@CB�|�UV[�L�H6@CB�FX�¡�z@CLANM�uF)��F)=
F)EGF)JIF)B�L�O:U	=��z@GLQN?�uF)��F)=�=AF�Å�B�F)J�F)B~L:EGF)��F)ETO�x ��@CB�D�Fz@CL�@PO/UV;�=�@GB~LAF)B~LA@CUVB?LQU?HVDWN�@CF)��F
LAN�FS[�F6ORLZ¨�;�H^EG@CLR_IJIFXOYNILAN�H^L<��F D)H^B � F)��F)B�H^LZLAN�F�F)¬~>�F)B�OYFSU6��OYUVJIF{H	����@CLQ@GU	B�H6E
D�UVJI>�;�L�H^LA@CU	B�H^E���UV=Q� � ��F�JIU���@ �u_<LQN�F�N~_�[�=Q@T��H^EC|VU	=A@CLQN�J¹LAU�@GB�D�UV=Q>�U	=�H^LQF�H°|VECUV[�H^E
ORU	EC��F�HX�uLQFh=SF)��F)=A_�ORLQF)>�U^�<EGU�D)H^E�����=AF�Å�B�F)J�F)B~Lhx �}F�D�U	B�OR@P�~Fh=SLQN�FI@POAOY;�FIU6�ZLAN�F
¨�;�H^EG@CLR_MU6�SLAN�FgJ�F6OYN¥H	D�N�@GF)��F6��H^B�� LAN�F�HV���~@GLQ@CUVB�H^E D�U	JI>�;�L�H6LQ@CUVB�H^Ez��U	=A� @CB��
��UVEC��F6��LAN�=QUV;�|	N3LQN�F�@GB�D�EC;�OY@CUVB'U^� OY;�D�N'|	ECUV[�H^E OYUVEC��F6O�@GBg��N�H6>�LQF)=<��x

®°¯Q±�¯�� � À��Z»�À �$�«º����Z»�¾ ´�º��Ã» �  �»�¾

��B�U	;�=ZB�U��~F?JIU6��F)J�F�B�LzH6EC|	UV=Q@GLQN�J � LAN�F?B�U��~FXO �zN�@PD�N�H^=AFtH)�	H6@CETH^[�EGF-�uU	=�JIU6��F)�
JIFhB~L�H6=QF<JIU6��F6�-UVB�FZ[�_?U	B�F � @CB�H ��H6;�OQO���F)@P��F)E~�rH	ORN�@CUVB � LAUS=AF6�~;�D�F<LQN�F�F)B�F)=Q|V_
�u;�B�D�LQ@GU	B�H6E�x � N�F�U	=���F)=�@GB'�zN�@PD�NILQN�FSB�U��~FXO�ORN�U	;�ET�«[�F�JIU6��F6��@TOzOY@C|VB�@ Å\D)H^B�L<H	O
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D�N�H^B�|	@CB�|«LAN�@POzU	=��~F)=�J'H)_IEGF6H	�gLAU'D�U	B���F)=A|	F)B�D8FSLQU�H«��@ ¦§F)=QFhB~L<ECU�D)H6E/JI@GB�@CJ?;�J
H6B��SLQN�;�O:>�=QU��~;�D�FzHZD�N�H6B�|	F�LQU�LQN�F�D�U	B���F)=Q|VF6�ZJIF6ORN�H^B��SLAN�FzORU	EG;�LQ@GU	BSUV[�L�H6@CB�FX��x
� N�Fh=QFzH6=QF�J'H^B�_Z>�U�OAOY@C[�ECFzORLQ=�H^LQFh|	@CFXO��zN�@TDWN{D)H6B?[�F�;�ORF6�-LAUZ�~FhLQF)=AJI@CB�F LQN�F�U	=���F)=
@GB��zN�@PD�N���Ft;�>§��H^LAF�LAN�F?B�U��~FXO�x«Â<B�F?>�U]OQOY@G[�ECF�OYLA=�H6LQF)|V_�@PO�LAUgORU	=AL-LAN�FtB�U��~F6O
[�_�LAN�FZJ'H6|	B�@GLQ;���F�U6�/LAN�FZ|	=�H	�~@GF)B�L�O��z@GLQN'=QFXOY>�F6D�L�LQUSLAN�F)@G=�>�U�OR@CLQ@GU	B�O � H^B��ILAN�F)B
;�>§��H6LQF?LAN�F)J @GBg��F6OQD�FhB��~@CB�|�UV=��~F)=<U^� LQN�F�J'H6|	B�@GLQ;��~F�U6��LQN�@TO°|V=�HV�~@CF)B�L)x�y�ECLAF)=Q�
B�H6LQ@G��F)EC_?��F�D�U	;�EP�IORU	=QLzLAN�F)J [~_?LAN�F��VH^EC;�FZU^��LAN�FZ@CB�@CLQ@TH^E�ECU�DhH^E:F)B�Fh=Q|	_?�uU	=�F6H	D�N
B�U���FIH6B��gLQN�FhB�;�>§��H^LAF?LQN�F?B�U���F6O�@CB���F6OQD�FhB��~@CB�|�UV=��~F)=�U^��LQN�Fh@C=<ECU�D)H6E/F)B�F)=A|	_�x
.�Fh=QN�H6>�O�LQN�F�F6HVOY@GF6OYL�DWN�UV@PD�F�@PO�OR@CJI>�EC_?LQU?;�>���H^LQF{LQN�FhJ�@GBIECF)¬�@PD8U	|	=�H^>�N�@PD�UV=��~F)=hx
0�U	=tLQN�F'LAF6OYL?>�=AU	[�EGF)J'O�D�UVB�OY@T�~F)=QFX��@GB ��F6D�LA@CU	B �~x ����F3ORU	=QL?LAN�F'B�U��~F6O?[�_

LAN�FZJ'H6|	B�@GLQ;��~FzU6��LQN�Fh@C=�|	=�H	�~@GF)B~L�O�H6L�LQN�F�OYL�H^=QL�U^��LAN�FZOR��F)Fh>'H^B��t;�>§��H^LAFZLQN�FhJ
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JI@TOYF6�'H6B�� B�U��~F6O
��U	=�� H^=AF?JIU6��F6�IB�F)¬�L)x �/@CLAN�F)=<U^��LQN�FXOYFtD�UV;�EP�g[�F?JIU6��F6�
�rH6=zF)B�U	;�|	N';�>��zH^=���O�LAUtD)H^;�OYFZLA=Q@PH6B�|	EGF
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ÄrOYF)F � H^[�EGFo��x /^� � JIUV=QFSLAN�H^B�HIJI@GECEG@ UVB'F)ECF)J�F)B~L�O�H6=QF?=QFX¨©;�@G=QF6���uUV=�HI;�B�@ �uUV=QJIEG_
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H6=QF ¨©;�@GLQF�JI@GB�U	=�H^B�� LQN�Fh=QF��uUV=QF�=QFX¨©;�@G=QF3U	B�EG_¢H¡ORN�U	=AL3�~F6OQD8=Q@C>�LQ@CUVB:x ��FXD�LQ@GU	B
2 x £MN�U6��F)��Fh=�@TOI�~F)��UVLQF6� LAU��rHVD�F �hF6�~|	F�OR�zH6>�>�@CB�| H6B�� ��F6D�LA@CU	B 2 x ���~F6OAD�=Q@G[�F6O
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� FhL�H^@GEPO�U6� � � � ��y � H^=AF-|V@C��F)B'@GB �]F6D�LQ@GU	B 2 x ��x /	x ��L<OYN�UV;�EP�'[�FSB�UVLQF6�ILQN�H^L<��F
Jt;�OYL�@CJ�>�ECF)JtF)B�L§U	;�=/B�U��~F�J�U^��FhJ�F)B�L:H6EC|VU	=Q@GLQN�J �z@CLAN�@CB{LQN�F<D�UVB�OYLA=�H6@CB�L�O�U6��LAN�F
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� U�JIU���@ �u_ � � ��¤�¤ . H^B��«LQU?>�=QU6�~@T�~F{H�OR;�@CL�H^[�EGF�@CB�LQF)=R�rH	D�F��uUV= � � � ��y �
�uUV=I;�OYF3@CB¥U	;�=tN~_�[�=A@P� H6EC|VU	=Q@GLQN�J ��F)=QF3B�U	LtF6H	OR_ L�H	OY��O � [�;�LI��F)=QF3�~F�Å�B�@CLAF)EC_
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UVB�F)�r�~@CJIFhB�OY@GU	B�H6E�FhB�F)=Q|V_�JI@CB�@CJI@GOQH6LQ@GU	B�>�=AU	[�EGF)JÃ@CB�LQN�F��~@C=AF6D�LQ@GU	B�U^��ORLQF)F)>�F6ORL
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U6��[�U	;�B���H^=Q_¢D8U	B��~@GLQ@GU	B¥H^=AF�H^EGECU6��FX�¡LQU�JIU6��FIUVB�EC_MUVB�LQN�H6L�EG@CB�F]x�y�ECLAN�U	;�|	N
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H6LZLQN�FtD8U	=QB�F)=�O�UV=ZEC_�@CB�|�UVB}LAN�F?D�;�=Q��F6�'[\UV;�B���H6=Q@GF6O�H^=QF?B�U	L�H6ECECU6��F6�«LAUIJIU6��F�x
��L?D8U	;�ET�}[�F«>�U]OQOY@G[�ECF�LQU�H^EGECU6� D�UVB�OYLA=�H^@GB�F6�}J�U^��FhJIF�B�L<U^� OYU	J�F�>�U	@GB~L�O?H^EGU	B�|
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UVB?LQN�F�B�U��~FzJIU6��F)JtF)B�L�LAU�>�=QF)��F)B�L:LQN�F�>�U�OAOY@C[�@CEC@GLR_ZU^�§JIF6ORN�L�H^B�|	EC@GB�|�x � N�F�J�@CB��
@GJ�;�J H^=AF6H-EG@CJI@GL � ��� 	 ;�OYF6�t@CB ��F6D�LA@CU	BO�~x £�x /<@PO�=AF)>�ETH	D�F6�?[�_�� ��� 	 � HSJI@GB�@CJ?;�J
��UVEC;�JIF?EG@CJI@GL�U6��H^BMFhECF)JIFhB~L<@CB�LQN�F�JIF6OYN x ��FIN�H)��F�L�H^��F)B�� � � 	 � /(* ��� �uU	=
H6ECE�U6�/LAN�F�LQF6ORL�>�=AU	[�EGF)J'O�>�=QF6ORF)B�LQF6�?@CB ��F6D8LQ@CUVB 2 x��?[�;�LzLAN�FZF)¬�H	D�L�DWN�U	@PD8FZ@PO�B�U	L
D�=A@CLA@PD)H6E�x � N�FIJ'H^¬�@CJt;�J­HV�~JI@TOQOY@G[�ECF?EG@CJI@GLSÄrH	O?�~F8Å�B�F6��@CB �]F6D�LQ@GU	B £~x £©�Z;�>MLQU
�zN�@TDWN3LQN�F{B�U��~F.)3D)H^B�[�F{JIU6��F6�I@CBgLAN�FS>�UVEC_�N�F6�~=AU	B � " @POZ�~F8Å�B�F6�'@CB�HtJIU	=AF
D)H6;�LQ@GU	;�O��zH)_tLQN�H6BI@CBtLR��U?��@CJIF)B�OY@CUVB�O � H	O�LQN�F)=QF�H^=AFZJIU	=AF<DWN�H^B�D�FXO U6��L�H6B�|	EG@CB�|
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LAU �uUV=QJ LR��U � LAN�=QFhF � U	=S�uUV;�=�B�F)��LAF)LQ=�H^N�FX�~=�H�HVO�ORN�U6�zB @CB 0�@G|	;�=AF 2 x0/	x � N�F
Å���F{�~@v¦§F)=QF)B�L<D�UVB~Å�|	;�=�H^LA@CUVB�O�U^� Å���F�B�U	B��rD�UV>�EPH6B�H^=Z>�UV@CB�L�O<y � � � � � � H6B�� ��H6=QF
ORN�U6�zB @CB 0�@C|V;�=QF 2 x /'H6B�� 0�@C|V;�=QF 2 x £~x � N�F'JIU]OYL?D8U	JIJIUVBMD8U	B~Å�|V;�=�H6LQ@GU	B�LQU
H6=Q@PORF�@TO/D�UVB~Å�|	;�=�H^LA@CUVB /z@CB 0�@G|	;�=AF 2 x / � [�;�L�LQN�FzUVLQN�Fh=�O�D)H^B�H^EGE�U�D)D�;�=���F)>�F)B��~@GB�|
UVBgLQN�F-|VF)U	J�F)LQ=A_�U6�/LAN�F�>\UV@CB�L�O �����Tr �{x
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Configuration  4
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T3 = BDCO
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T2 = BDCO

T2 = BDCO

Configuration  5

Configuration  3BConfiguration  3A
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LAN�FZÅ���F�>\UV@CB�L�O<H^=AFS@CB3D�UVB~Å�|V;�=�H6LQ@CUVB /-�zN�F)=QF�LQN�F-LA=Q@TH^B�|V;�EPH6LQ@CUVB�D�N�H^B�|	F6O��u=QUVJ
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D�UVB~Å�|V;�=�H6LQ@CUVB�O��uU	=ZLAN�F6ORFS>�ETH^B�H6=->�UV@CB�L�O�x���B�D�U	B~Å�|	;�=�H^LQ@GU	B��I>�U	@GB~L�O�� � � H^B��
� H^=AF�D�U	EGEC@CB�F6H^=hx 0�H	D�F OY�zH6>�>�@GB�|�@PO?>\U]OQOR@C[�EGF�U	B�EG_¡@v��LQN�F«Å���F3>\UV@CB�L�OtH^=AF�@CB
D�UVB~Å�|V;�=�H6LQ@CUVB �S�zN�F)=AFSD8U	B~Å�|V;�=�H6LQ@GU	B�Op� � H^B��K� � H^=QF�@GB~LAF)=�D�N�H^B�|	F6H6[�ECF�x
0�U	=��rH	D�F'OR�zH6>�>�@CB�| � F6HVDWN�=QF6D8U	B~Å�|V;�=�H6[�ECF�D)H	ORFIN�H	O�U	B�EG_}LR��U«�VH6EC@P� D�U	B~Å�|	�
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;�=�H^LA@CU	B�OC� � � � � N�F)B�D�F'H�OY@CJ�>�ECF�H^B��¥¨©;�@PD��MD�UVJI>�H6=Q@PORU	B�LQU�Å�B���LQN�F'UVB�Fg�z@GLQN
LAN�F�ECU6��Fh=�F)B�F)=Q|V_¡@TO�>�U�OAOY@C[�ECF�x&0�U	=�LQN�@TO��~@TOQD�;�OQOY@GU	B�U6�?OR�zH6>�>�H^[�ECF�H^B�� B�UVB��
OR�zH^>�>�H^[�EGF3D�U	B~Å�|	;�=�H^LQ@GU	B�O?U^��LQN�F6OYF�Å���F�>�U	@GB~L�OS��F��uUVECEGU^�¿LAN�FIB�UVL�H6LQ@CUVB ;�ORF6�
[�_��	U�FK� ��� � x 0�H	D�F{OR�zH^>�>�@CB�|�D)H^B�[�FS@GJI>�EGF)J�FhB~LAF)��[�_IJ'H6�~@GB�|tH�EGU�U	>�U6��F)=<H^EGE
@GB~LAF)=QB�H6E��rH	D�FXO�@CB'LQN�F�JIFXOYN'H6B���H	OAOY@C|VB�@CB�|IH?LR_~>�F���� � U	= ��� � � �zN�F)=AF��¥OYL�H6B���O
�uUV=zHSOR�zH6>�>�H^[�ECF�H^B�� � OYL�H^B���O/�uU	=�H-B�UVB���OR�zH6>�>�H^[�ECF��rHVD�F � ��@PO/�uU	=�LQN�F<B�;�J�[�F)=
U6��LQF)LA=�H^N�F6�~=�HZ[�F��uUV=QFZLAN�FZOR�zH6>'H^B�� �-@PO�LQN�F<B�;�J�[�F)=�U^��LAF)LQ=�H^N�FX�~=�H�HX�uLAF)=zOR�zH6>:x
� N�Ft>�U�OAOY@C[�ECFILR_�>\FXO U6�z�rH	D�FXO-H6=QF�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � H^B��
� � � x � N�F6OYF{H^=AF�@CB3H^EGE:B�@CB�F�LR_�>\FXOzH^B��I��F�F)¬�>�ETH^@CB'F6HVDWN�U^��LAN�F)J @GBILQ;�=AB:x
0�U	=tF6H	D�N�U^��LAN�F6ORF��rHVD�F'LR_~>�F6OS��FgD8U	B�OR@P�~F)=?LAN�F3D�U	B�Å�|	;�=�H^LA@CU	B�U6�ZLAN�FIÅ���F

>�U	@GB~L�O�@CB{LQN�F�LR��U�LQF)LA=�H^N�F6�~=�Hz�zN�@TDWN{OYN�H^=QFzLAN�@PO��rH	D8F�x�0�U	=�LQN�FzD)HVOYF�� � � � D�U	B�OY@P��F)=
LAN�F�D�U	B�Å�|	;�=�H^LA@CU	B�/ � @CB�0�@G|	;�=AF 2 x /Vx�0�H	D�F � ��� �z@GECE<[\F H	OAOY@G|	B�F6�¢HMLR_~>�F
� � � � H	O�[~_�@GB~LA=QU��~;�D8@CB�|3H^B F6�~|	Ft@CB�LQN�@PO�Å���Ft>\UV@CB�L{D�U	B~Å�|	;�=�H^LQ@GU	BM��FIDhH^BM|VF)L
D�UVB~Å�|V;�=�H6LQ@CUVB / � �z@GLQN3LQN�=AF)F�LQF)LA=�H^N�F6�~=�H�x 0�UV=	� � � D�U	B�OY@P��F)=�LAN�F{D�U	J�JIU	B��rHVD�F
� �Fr�U6��LQF)LA=�H^N�F6�~=�H ���or �¿H6B�� ���7r � @CB D�U	B�Å�|	;�=�H^LA@CU	B / � U^� 0�@C|V;�=QF 2 x /Vx
� N�F{F6�~|VF �Fr�@TO�OR;�=Q=AU	;�B���F6�g[~_�LQN�=AF)F�LQF)LA=�H^N�F6�~=�H�H^B��3D)H^B3[\F{=QF)J�U^��FX���u=QUVJ
LAN�@PO�Å���F?>�U	@GB~L{D�UVB~Å�|V;�=�H6LQ@CUVBM|	@G�~@GB�|3D�U	B�Å�|	;�=�H^LA@CU	B / �¿U^�zLR��U«LAF)LQ=�H^N�FX�~=�H�x ���
LAF)LQ=�H^N�F6��=QU	B � �
�7r @TOSB�U	L?>�=QF6ORF)B~L{LQN�Fh=QF�Ä�@rx`F�x�F6�~|VF �Fr @TO?OY;�=A=QU	;�B��~F6�M[�_
JIUV=QF{LQN�H6B}LAN�=QF)F?LAF)LQ=�H^N�FX�~=�H�� � LAN�F)Bg�rH	D8F � �prÃ�z@CEGE�[�FtHVOQOY@G|	B�FX�}HILR_~>�F � � � �
HVO�LQN�F�LAN�=QF)F<LQU{LR��U�=QF)�rD�UVB~Å�|	;�=�H^LA@CUVB«@TO/B�U	L�>\U]OQOR@C[�EGF°�uUV=�LQN�F6OYFzÅ���F<>\UV@CB�L�O8x/0�UV=
LAN�F�D)HVOYF�� � � D8U	B�OR@P�~F)=�LQN�F�D�UVB~Å�|	;�=�H^LA@CUVBC� �!H^B���LAN�F��rHVD�F � � �ª@CB 0�@C|V;�=QF 2 x £�x
� N�FI�uUV;�=ID8U	>�ETH^B�H6=?>\UV@CB�L�O �����TrKH^=AF'U	B LAN�F'[�U	;�B���H^=Q_�U6�ZLR��U�LAF)LQ=�H^N�FX�~=�H
@GB � � H^B���LQN�F��rHVD�F ���
� DhH^BM[�F'OR�zH^>�>\FX�}LQU'�rH	D�F � �or LQU3_~@GF)EP�gLR��U3B�F)�
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LAF)LQ=�H^N�F6��=�HIHVO�@CB � �IxZ��F)B�D�F�LQN�FS�rHVD�F � � � @CB � �¹�z@CEGE�[�F?U6��LR_�>�F � � � x � N�@TO
LR_�>\FtU^���rH	D�Ft@POZ>�U�OAOY@G[�ECFtU	B�EG_�@ ��LQN�FtLR��U'LQF)LA=�H6N�F6�~=�H��zN�@PD�NMORN�H^=AF�LAN�F��rHVD�Ft@CB
D�UVB�OY@T�~F)=�H^LQ@GU	B3N�H)��FZU	B�FZ�rHVD�F�U	BgLAN�F�[�U	;�B���H^=Q_]x
0�U	=ZLAN�FtD)HVOYF � � � � D8U	B�OR@P�~F)=�D�UVB~Å�|	;�=�H^LA@CUVB�£�@CB
0�@C|	;�=QF 2 x /Vx 0�H	D8F ���or @TO

U6�zLR_~>�F � � �)x 0�U	=�LAN�FIDhH	OYF � � � � D8U	B�OR@P�~F)=�LAN�FID8U	B~Å�|V;�=�H6LQ@GU	BM�'@CB
0�@C|	;�=QF 2 x £�x
0�H	D8F � �orÃ@POZU^�<LR_�>\F � � �hx(0�U	={LQN�F�D)H	ORF � � � � D8U	B�OR@P�~F)=�LAN�FID8U	B~Å�|V;�=�H6LQ@GU	B 2
@GB
0�@C|V;�=QF 2 x £�x 0�HVD�F � �or @PO<U^��LR_~>�F � � �hx�y�ECE�U^��LQN�F6OYF?LAN�=QF)F D�U	B�Å�|	;�=�H^LA@CU	B�O
H6=QF�B�U	B3D�UVB~��Fh¬tH^B��3H^=QF�LAN�FZU	B�EC_t>\U]OQOR@C[�EGFSD8U	B~Å�|V;�=�H6LQ@GU	B�O��uU	=zLAN�F6OYF�|V@C��F)B?Å���F
>�U	@GB~L�O�x

� N�F)=AF�H^=AF�LY��U?OR>\FXD�@PH6E�DhH	OYFXO � � � � H6B�� � � � � D�UVB�OY@T�~F)=AF6��@GB'H	OAOY@G|	B�@GB�|IH�LR_~>�F
LAU'H��rH	D8F�x � N�FXOYFtOY>�F6D8@PH^E D)HVOYF6OZH6=Q@TOYFS�zN�F)Bg�uU	=�H?�rH	D�F � �uU	;�=ZU^��LQN�FSÅ���F�>\UV@CB�L�O
�uUV=QJI@GB�|MLQN�F�LY��UMLQFhLQ=�H6N�F6�~=�H�Ä��zN�@TDWN¢ORN�H^=AF6OILQN�Fg�rHVD�F�@CB¢D�UVB�OY@T�~F)=�H^LQ@GU	B���H6=QF
D�UV>�EPH6B�H^= H^B��'LQN�F6ORF{D�U	>�ETH^B�H6=Z>�U	@GB~L�O�H6=QFSB�U	L<U	BgLAN�FS[�UV;�B���H6=Q_�xZ��U	B�OY@P��F)=�LAN�F
�rHVD�F � ��� @CB 0�@C|	;�=QF 2 x � � �zN�F)=AF«>�UV@CB�L�O	� � � � � H^B�� r H^=AF�D�UV>�EPH6B�H^=hx ���
LAN�F6OYF<D8U	>�ETH^B�H6=�>�U	@GB~L�O�H6=QFz[�HVDW��FX�S[~_{F)¬�HVD�LQEG_�LY��U�LQF)LA=�H^N�F6�~=�H � H	O�@PO�LAN�F<D)HVOYF<@CB
0�@G|	;�=AF 2 x � � LQN�F)Bt�rH	D�F�� ���ª�z@CECE�[�F�U^��LR_�>\F � � � � @GB��~@PDhH^LQ@GB�|SLAN�H^Lz@GL�@PO�>�U]OQOY@G[�ECF
LAU'OY��H^>g�rH	D8F ����� �z@CLAN � �pr'x ����LAN�F6ORF?D�UV>�EPH6B�H^=Z>�UV@CB�L�OZH6=QF?B�UVLZ[�H	D���F6�I[�_
F)¬�H	D8LQEC_tLR��UtLQF)LA=�H6N�F6�~=�H�UVBgF6HVDWN3OY@T�~F�LQN�FhB��rHVD�F�� �����z@GECE�[�F{U^� LY_�>�F � � � � H	O
LAN�FZ�rH	D�F�� ��� D)H^B'B�UVL�[�F OY�zH6>�>�F6�«�z@GLQN � �pr'x
0�H	D�F OY��H^>�>�@GB�|'N�H	O<LY��UIOR@C|VB�@ Å§DhH^B�L�H	�~�VH6B~L�H^|	FXO�x 0�@G=�OYL � [�F6DhH^;�ORF?LQN�F)=AF?H6=QF

H6L-J�U�OYL<LR��UI�VH6EC@P�'=QF6D8U	B~Å�|V;�=�H6LQ@GU	B�O{�~F)LQFh=QJI@GB�@CB�|{LQN�F?UV>�LQ@GJ�;�J U^��LQN�F6ORF?D�UVB��
Å�|V;�=�H6LQ@GU	B�Oz@POzD�UVJI>�;�L�H^LA@CU	B�H^ECEG_?@CB�Fh¬~>�F)B�OR@C��F�x ��FXD�U	B�� � @CJI>�EGF)JtF)B~L�H^LA@ UVB�U6���rHVD�F
OR�zH^>�>�@CB�|t@PO�=QF)ETH^LA@C��F)EG_tOYLQ=�H^@G|	N�LY�uU	=A�zH6=��'D�U	J�>�H^=AF6��LQU?@GJI>�EGF)J�FhB~L�H^LQ@vUVB�U6�/F6��|	F
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A

B

C

D
      4 : 4

O O

PP

A

T4 = PBDC

T1 = OABD
T2 = OADC
T3 = PABD
T4 = PADC

T3 = PABC

B

C

D

T1 = OABC
T2 = OBDC

0�@G|	;�=AF 2 x � � 0�H	D8F�OY��H^>�>�@GB�|?�uU	=<LY��U?@CB�LQF)=A@CUV=zD�UV>�EPH6B�H^=z�rH	D�FXO�x
OR�zH^>�>�@CB�| � HVO���F6OQD�=A@C[�F6��[�F)EGU6��x

�°¯ �<¯�� ² �  �» ¾ ��´�� �Z½Qº� 

���~|VF�OY��H^>�>�@GB�|?@CBtLQN�=QF)F��~@CJ�F)B�OY@GU	B�O�@PO�B�U	L�=AF6H^EGEC_ HSOY��H^>I[�;�LzH�=QF)JIU6�VH^E�U^� H^B
F6��|	F��uU	EGECU6��FX�-[�_-@GL�O�=AF)>�ETH	D�F)J�F)B~L§[~_�UVB�F � LR��U�U	=/J'H6B~_�F6��|	F6O/��F)>�F)B��~@GB�|Z;�>�U	B
N�U6�!J�H^B�_?F)ECF)J�F)B~L�O/OY;�=Q=QUV;�B��'LQN�H6L�F6��|	FtÄ�ORF)F 0�@G|	;�=AF 2 x`�S�uUV=zF)¬�H6JI>�EGF	��x ���~|	F
OR�zH^>�>�@CB�|?=AF6D�UVB~Å�|	;�=QF6O�LAN�F� �LAF)LQ=�H^N�FX�~=�H�@CB�D�@T�~F)B�L�U	B'H6B«FX�~|	FZU6��LQN�F�JIF6OYNt[�_
=AF)JIU6�~@GB�|�LQN�H6LzF6�~|VFSH6B��I=QF)>�EPH	D8@CB�|{LQN�F6ORF  ¹LQFhLQ=�H6N�F6�~=�HS[~_�£  ���?B�F)��LAF)LQ=�H^�
N�FX�~=�H�x�yZO�H^BtF)¬�H6JI>�EGF � D8U	B�OR@P�~F)= H^BI@GB�@CLA@PH^E�D�UVB~Å�|	;�=�H^LA@CUVB«�z@GLQNSÅ���FzLAF)LQ=�H^N�FX�~=�H
@GB�D�@P��F)B~L§LQU�H^B{F6�~|	F]x � N�F�ECF8�uL�OY@P��F�U6� 0�@G|	;�=AF 2 x`��OYN�U6�<O�Å���F/LQF)LA=�H6N�F6�~=�H°@GB�D�@P��F)B~L
LAUtH^B'F6�~|VFSÂ . H^B���LAN�F�=Q@G|	N�LzOY@T�~F�ORN�U6�<O�U	B�F�>�U�OAOY@C[�ECF�=QF6D8U	B~Å�|V;�=�H6LQ@GU	B'U^� LQN�@TO
OR;�[�JIF6ORN?@CB�LQU�OR@C¬?LAF)LQ=�H^N�F6��=�H~x � N�@PO/B�Fh��D�UVB~Å�|	;�=�H^LA@CUVBI@PO/OR>�F6D�@ Å�F6�S[~_t��F�Å�B�@GB�|
LAN�=QF)F��QFX¨©;�H6LQUV=Q@PH6E�LA=Q@PH6B�|	EGF6O�� � @�x`F]x��zN�@TDWNtH6=QFZB�UVL�@GB�D�@P��F)B~L�U	B�F)@CLAN�F)=�U^����F)=ALQ@TD�F6O
� H^B����?x��$B 0�@C|V;�=QF 2 x��ILQN�FXOYFSLA=Q@TH^B�|VECF6OZH6=QF�� /)£^� � �3£��6�'H^B���� /�� 2 x � N�Fh=QF
H6=QF?�uU	;�={U	LQN�F)=�>\U]OQOR@C[�EGFID�UVB~Å�|V;�=�H6LQ@CUVB�O �uUV=SLAN�@PO�D)HVOYF3Ä�F6HVDWN�D�UV=Q=AF6OY>�U	B��~@CB�|3LQU
H3�~@ ¦§F)=AF)B~L{ORF)L�U^�<F6¨�;�H^LAU	=A@PH^E�LA=Q@PH6B�|	EGF6OW� � �zN�@PD�NMDhH^BM[�FtU	[�L�H^@CB�F6�}[�_�=QU	L�H^LA@CB�|
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LAN�FI@CB�LQFh=Q@CUV=SLA=Q@PH6B�|	EGFI@CB 0�@C|V;�=QF 2 x`��x}y�OSF6�~|	F�OY�zH6>�>�@GB�|�=QF)>�EPH	D8F6O  UV=Q@C|V@CB�H6E
LAF)LQ=�H^N�F6��=�H?@CB�LQU�£  �M�ILQF)LA=�H6N�F6�~=�H � �zN�F)B  j���JIUV=QF�F)EGF)JIF)B�L�O�H^=AF?D�=AF6H^LAF6�
LAN�H^B H^=QF�=AF)JIU6��F6��x

��B�H	���~@CLA@CU	B � LQN�FIB�;�Jt[�F)=�U^�<>�U�OAOY@C[�ECF'�zH)_�O-LQN�H^LSFhECF)JIFhB~L�OZD)H^B [\F'=AF6D�U	B��
B�FXD�LQF6�'H)�uLQF)=<�~FhECF)LA@CB�| H^BgFX�~|	F�@CB�D�=QF6HVOYF6O��z@GLQN'@CB�D�=QF6HVOY@GB�|  ¿H^B��'@PO�|V@C��F)BI[�_

� ��� Är£  �}�����
Ä� ��/6���CÄ, ��£©��� Ä 2 x0/^�

ÄrOYF)FK� 2 / � ��x���N�FhB  � 2 LQN�@TO�|	@G��F6OzLQN�FSÅ���F{>�U�OQOR@C[�@GEC@GLQ@CFXO°B�UVLQF6�g@GB�LQN�F{>�=QFh�~@G�
UV;�O°>�H^=�H6|	=�H^>�N:x���U6��Fh��F)= � H	O� �|V=QU6�<O�LQN�F-B�;�Jt[�F)=�U^��>�U�OAOY@C[�ECF{D�U	B�Å�|	;�=�H^LA@CU	B�O
|V=QU6�<O/��F)=Q_�=�H6>�@P��EC_?H6B��tOYU � �uUVECECU6�z@GB�|o� � � � � ��F�U	B�EG_?D�UVB�OY@T�~F)=/F6��|	F6O/�z@CLAN  	 �
HVO�D)H6B��~@P��H^LQFXO �uUV=�F6��|	F�OY�zH6>�>�@GB�|�x � N�F<>�U�OAOY@C[�ECF�D�U	B~Å�|	;�=�H^LQ@GU	B�O��uUV=�� �+ � �

H6=QF3OYN�U6�zB �~@PH6|	=�H6JIJ'H6LQ@PDhH^ECEG_g@GB 0�@C|V;�=QF 2 x 2 � �zN�F)=AFIF6¨�;�H^LAU	=A@PH^EzLA=Q@TH^B�|VECF6O?H6=QF
ORN�U6�zB�H^EGU	B�|��z@CLANMLQN�F«B�;�Jt[�F)=�U^��;�B�@P¨�;�F'=QUVL�H6LQ@CUVB�O-�uU	=tF6HVDWN�D8U	B~Å�|V;�=�H6LQ@GU	B:x
y�B'UV>�LQ@GJI@POAH^LQ@GU	BtJIF)LAN�U���LQN�F)=QF��uUV=QFZN�H	OzLQUtOYFXH^=�D�N'LQN�=AU	;�|VN3H�ETH^=Q|VFZB�;�J�[�F)=�U6�
D�UVB�B�F6D8LQ@C��@CLR_�>�F)=QJt;�L�H^LQ@GU	B�O:�uU	=�ETH^=A|	F� @GB�UV=��~Fh=�LAU?�~FhLQF)=AJI@CB�F��zN�@PD�N?=QFXD�U	B~Å�|	�
;�=�H^LA@CU	B�U^�:LAN�F<U	=Q@G|	@GB�H^E  LAF)LQ=�H^N�FX�~=�HZN�HVO�LQN�F�EGU^��F6OYL�F)B�F)=Q|V_�x�0�U	=�LQN�@TO/��FzN�H)��F
LAU�D�UVJI>�;�LAFSLQN�F�F)B�F)=Q|V_«�uU	={F6H	D�N�LQFhLQ=�H6N�F6�~=AU	B�@CB�F6H	D�N D�U	B~Å�|	;�=�H^LQ@GU	B:x 0�U	=QLA;��
B�H6LQF)EG_ � �zN�FhB  �@TO�EPH6=Q|VF � LQN�F?B�;�Jt[\Fh=�U6�z;�B�@T¨©;�FSLQFhLQ=�H6N�F6�~=�HI@PO�Jt;�D�N�OYJ�H^ECEGF)=
LAN�H^B�LAN�FgB�;�Jt[\Fh=SU^� D�UVB~Å�|V;�=�H6LQ@CUVB�OILQ@GJIF6O-LAN�FgB�;�Jt[�F)=SU6�SLAF)LQ=�H^N�FX�~=�H�OY@GB�D�F
J'H6B~_�LQF)LA=�H^N�F6�~=�H�H^>�>�F6H6=Z@CB�JIUV=QF�LQN�H^B�U	B�FtD�U	B~Å�|	;�=�H^LQ@GU	B:x � N�@POz@POZORN�U6�zB�@CB
� H^[�EGF 2 x /�Ä�OYFhF � � � � �{H^B��¡JIF6H6B�OSLQN�H^LtLQN�F3D�U]OYLtU^��>�F)=R�uU	=QJ�@CB�|�H�ECU�D)H6EzJIF6ORN
UV>�LQ@GJI@POAH^LQ@GU	BI@TO�B�U	L�¨�;�@CLAF�H	OzN�@C|VN�HVOZÄ 2 x0/^��@CB�@GLQ@TH^ECEG_tOY;�|V|	F6ORL�O8x

���~|	FtOR�zH6>�>�@CB�|I@POzB�U	=AJ'H^EGEC_I;�OYF6��HVOZH�OR;�>�>�EGF)JIF)B�LzLQU?�rH	D8F?OY��H^>�>�@CB�|�x�yZO
��F�OQH)�­@CB LAN�F�>�=AF)�~@GU	;�O�OY;�[�ORF6D�LA@CU	B�LAN�F)=AF�H^=AF�J'H^B�_�OR@CLQ;�H^LQ@GU	B�Ot�zN�F)=QFg�rHVD�F
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� F)L�O�[�F��uU	=AF � FhL�OzHX�uLAF)= ��UVB~Å�|V;�=�H6LQ@CUVB�O � F)L�O �¥D�U	B�Å�|�O ��B�@P¨�;�FZLAF)L�O
� � £ � �
2 � 2 �
* £ *
� � /�� /
/)£ ��*
� /(* ��£ �]£ * � *

� H^[�EGF 2 x / � � ;�J�[�F)=:U6��;�B�@T¨©;�F�LAF)LQ=�H^N�F6��=�H<H^B��S>�U�OAOY@G[�ECF�D�U	B~Å�|	;�=�H^LQ@GU	B�O��uUV=�F6��|	F
OR�zH^>�>�@CB�|�x

O

P

O

P

1

2

      5 : 6
1

2
3

4
5

3

T6 = P234

T1 = O12P
T2 = O1P5
T3 = O2P3
T4 = OP34
T5 = OP45 T5 = P124

4
5

T1 = O145
T2 = O124
T3 = O234
T4 = P145

0�@G|	;�=AF 2 x��&� ���~|VFgOR�zH6>�>�@CB�| �uUV= 2 LQF)LA=�H^N�F6�~=�HgLAU � � �zN�F)=AFIF6�~|VF � � @TOSOY;�=Q�
=AU	;�B���F6�«[�_ 2 LQFhLQ=�H6N�F6�~=�H~x
OR�zH^>�>�@CB�|�@TO�B�U	L'>�U�OQOR@C[�EGF}N�F)B�D�F�F6��|	F�OY��H^>�>�@CB�|�@POILAN�F)B�@CB���U	��FX�¡LQU¥�~FhLQF)=A�
JI@GB�F'�zN�F)LAN�F)=t=QF)JIU6��@CB�|�H6B FX�~|	F3@POIHV�~�VH^B�L�H^|VF)U	;�O�UV=IB�UVL)x � N�F)=QF H^=AF�LY��U
J'H6@CBt�~@TOQHV�~�VH^B�L�H^|VF6O�LAUSLAN�F�FX�~|	F�OY��H^>�>�@GB�|�LQF6D�N�B�@T¨©;�F�x10�@C=�OYL � �uUV=�FXH	D�N�UV=Q@C|V@CB�H6E
D�UVB~Å�|V;�=�H6LQ@CUVB � �~F)LQFh=QJI@GB�@CB�|tLQN�FIU	>�LA@CJt;�JÃD8U	B~Å�|V;�=�H6LQ@GU	B�=QF6¨�;�@G=QF6OZD8U	JI>�H6=Q@GB�|
Jt;�ECLA@C>�EGF�D�UVB~Å�|	;�=�H^LA@CUVB�O-�zN�@TDWN�DhH^B�[\FtH'D�UVJI>�;�L�H^LA@CU	B�H^ECEG_'F)¬~>�F)B�OY@C��F{>�=QU�D8F6OQO
�zN�FhB  ¹@TO�JIU��~Fh=�H^LAF�UV=zEPH6=Q|	F]x ��F6D�UVB�� � LQN�F�>�=�HVD�LQ@TD)H^E§@CJI>�EGF)JtF�B�L�H6LQ@CUVBSU6�/F6��|	F
OR�zH^>�>�@CB�|t@PO�=AF)EPH6LQ@G��F)EC_t�~@v�'D8;�ECLhx

� U6�¿��F�F)¬~>�EPH^@GB}�zN�_ H^B�U	>�LA@CJ'H6E/JIF6ORN}�z@GLQNM=AF6OY>�F6D8LSLQU D�U	B�B�F6D�LA@C��@CLR_gU6�
��F)=ALQ@TD�F6O�ÄrH	D)D�UV=��~@GB�|?LQU{LQN�F �~F�Å�B�@GLQ@GU	BI|V@C��F)Bt@CB �]F6D�LQ@GU	B'£�x`���/J'H)_?B�UVL�[�F�>\U]OQOR@C�
[�EGF�x.��B�LR��U'�~@GJIF)B�OR@CUVB�O�F)¬�H	D�LAEC_'LR��UIF)EGF)JIF)B�L�O�OYN�H6=QFtH6B}@GB~LAF)=QB�H6E�FX�~|	F � �zN�@CEGF
@GB}LAN�=QF)Ft��@CJIF)B�OY@CUVB�O<H^B�@CB�LQF)=AB�H^E/FX�~|	F?@TO-ORN�H^=AF6��[~_3LQN�=AF)F?U	={JIU	=AFSF)EGF)JIF)B�L�O8x
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0�@G|	;�=AF 2 x 2 � ��¨�;�H^LAU	=Q@TH^EZLA=Q@TH^B�|VECF6OtHX�uLAF)=IOR�zH6>�>�@CB�|¡FX�~|	F�Â . � OR;�=Q=AU	;�B��~F6� [�_� � 2 � � H^B�� � LAF)LQ=�H^N�F6��=�H � @GB�D�EC;��~@CB�|�LQN�FtB~;�J�[�F)=<U^��;�B�@P¨�;�F?=AU	L�H6LQ@GU	B�OZ�uU	=�F6H	D�ND�UVB~Å�|V;�=�H6LQ@CUVB�OYN�U6�zB:x

� N�;�O�EGU�D)H^E�JIF6ORNI=QF6D8U	B~Å�|V;�=�H6LQ@GU	B�@CB3LQN�=AF)F?��@CJIF)B�OY@CUVB�O�@GB~��UVEC��F6O�DWN�H^B�|V@CB�|ILAN�F
D�UVB�B�F6D8LQ@C��@CLR_tU^��LR��UgÄP�uU	=�H�OR@CJI>�EGF��rH	D8F?OY��H^>�� � LAN�=QFhF-UV=ZJ'H6B~_tF)ECFhJIF)B�L�O � �z@GLQN
LAN�FZ>�U�OAOY@C[�@CEC@GLR_?U^� @CB�LQ=QU���;�D�@CB�|SB�F)��FhECF)JIFhB~L�O�H6B��IF6�~|	FXO�x-��L�@TO�D�EGF6H^=AEC_-�rH6=��u=QUVJ
ORLQ=�H6@C|VN~LR�uU	=Q��H^=���LAU?|	;�H6=�H6B~LAF)F�LQN�FZLAF)=QJ�@CB�H6LQ@CUVB�U6� H^B'F)B�Fh=Q|	_tJI@GB�@CJI@GOAH^LQ@GU	BtH6EC�
|VU	=Q@GLQN�J [�H	ORF6�g;�>�U	B�LQN�@POZH6>�>�=QU]H	D�N:x{¤gU	=QFhU^��Fh= � �u=QU	J HI>�=AU	|	=�H^JIJ�H^LQ@TDZ>\UV@CB�L
U6�z��@CF)� � @CLZ@TOZ¨�;�@CLAF?@CJI>�U�OAOY@G[�ECF{LQU'D�UVB�OY@T�~F)=�H6ECE/FX�~|	FtOR�zH^>�O � HVOZ@CB�>�=A@CB�D�@G>�ECF{H
OR@CB�|VECF�FX�~|	F�OY�zH6>gÄu�zN�F)B  @PO:��F)=Q_�EPH^=A|	F	�§J'H)_Z@GB~��UVEC��F�DWN�H^B�|V@CB�|<LQN�F<D8U	B�B�FXD�LQ@G�~�
@GLY_{U^� JIU	=AF�LQN�H^B'H��~U �)F)B?F)EGF)JIF)B�L�O��z@GLQNtLQN�UV;�OQH6B���O�U6�:>�U�OAOY@G[�ECF�D�U	B�Å�|	;�=�H^LA@CU	B�O
�uUV=�LAN�F6OYF{F)ECFhJIF)B�L�OzÄ�ORF)FtÄ 2 x0/^�A� � LQU�DWN�FXDW���uUV=�UVB�FSUV>�LQ@GJ'H^E§ECU�D)H6E/D8U	B~Å�|V;�=�H6LQ@GU	B:x
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� FXOY>�@GLQF<LQN�@TO �rHVD�L���F�N�HX��FzUV[�OYFh=Q��F6�?LQN�H6L��uUV=�F6HVDWNtU^� U	;�=�LQF6ORL�>�=AU	[�EGF)J'O�Äu|	@C��FhB
@GB �]F6D�LQ@GU	B 2 x`��� � �zN�F)B � � �Z¤�¤ .�Ä�J�U��~@ Å�FX��LQU?JI@GB�@CJt@PORFzF)B�F)=A|	_t=�H6LQN�F)=zLAN�H^B
|VF)U	JIFhLQ=Q@TDZ¨�;�H^EG@CLR_\� � �zN�@PD�N���U�F6O�B�UVLZD�UVB�OY@T�~F)=�H^B�_'F6�~|	F OY��H^>g�uU	=� j � � ��H	O
H6>�>�EC@GF6��@CL?H6EC��HX_�OZLQF)=AJI@CB�H^LQFX��OY;�D)D8F6OQO��u;�ECEG_�x ��N�@GEPORL-LAN�F�Å�B�H^E�J�F6OYN�J'H)_3B�U	L
LAN�F)=QF8�uU	=QF{[�FSECU�DhH^ECEG_IU	>�LQ@CJ�H^E:@CB H�ORLQ=A@PD�L<ORF)B�OYF?UV;�=<F)¬~>�F6D8L�H^LA@CUVBg@POzLQN�H^L<@CL<�z@CECE
ORLQ@CEGE�[�FSU6��H?N�@G|	N3¨©;�H^EC@GLR_�x

�°¯ �<¯�® ����� � � �
� � �Z¤�¤ . � 2 £ � ORL�H^B���O �uUV= �<F)B�F)=�H^LQ@GU	B{H^B�� �zF�Å�B�F)JIF)B�L�U^� ��B�ORLQ=A;�D�LQ;�=QF6��¤g@C¬�F6�~�
�/ECFhJIF)B�LS¤gFXOYN�F6OS@GB ./H^=�H^ECEGF)E�x ��LS@PO?H�OYFhL?U^��EG@C[�=�H^=Q@GF6O � �z=A@CLALQF)BM@GB�� 
5
 � �uU	=
J'H6B�@C>�;�EPH6LQ@CB�|?;�B�OYLA=Q;�D8LQ;�=AF6�IJIF6OYN�F6O � H^B���HtOYF)LzU6��F)¬~FXD�;�L�H6[�ECFXO�[�;�@GECLzUVBgLQN�U�OYF
EG@C[�=�H^=Q@GF6O�x � � ��¤�¤ .¡@PO<H)�VH^@CETH^[�EGFSUVBgLQN�F ����� �u=QUVJ�LAN�F � � �Z¤�¤ .�N�U	J�F
>�H6|	F % $�$ $ ����� $ �P$&! " � ' ���&% ��� � � � ��" x �]U	;�=�D�FID8U��~FIU^� � � �Z¤�¤ .�@PO�H)�VH^@GEPH^[�ECF
�uUV=�EC@TD�F)B�D8Fz�z@CLQN�U	;�L��uF)F � �uUV=�F6��;�D)H^LA@CUVB�H^E H^B��IB�UVB���>�=QU^Å�Lz=QF6ORF6H^=�DWNt>�;�=A>\U]OYF6O � LQU
;�ORF'@CL?�z@CLAN�U	=t�z@CLQN�U	;�L?JIU���@ Å§D)H6LQ@GU	B�O8x �$LtDhH^B�[�FgD8U	B~Å�|V;�=QFX�¡U	B H^EGJIU�ORL?H^EGE
UV>\Fh=�H^LA@CB�|�OY_�OYLAF)J'O8x

� N�FtORU^�uLR�zH6=QF?@PO<OYLA@CEGE�@GBgLQN�FS>�=AU�D�F6OQOZU6�z��F)��F)ECUV>�JIF)B�L�H^B���ORU	JIF{U^��@CL�O��uFXH^�
LA;�=QF6O�OY;�D�N'HVO�>�H6=�H^EGECF)EG@PORJ � JI@G¬~F6����F)EGF)J?F)B�L�J�F6OYN�@GB�|�H6B��I|	F)B�Fh=�H^LA@CUVBIU^��JIFXOYN�F6O
�uUV=zB�U	B��P�§H6LZOR;�=Y�rHVD�F6O � H6=QF{OYLA@CEGE\;�B�@CJI>�ECF)JtF)B�LQF6��x ��U6��F)��F)=�� � �Z¤�¤ .}@TOzD)H^>�H^�
[�EGFIU^��|	FhB�F)=�H6LQ@GB�|�H6B��MU	>�LA@CJI@TOY@CB�|«J�F6OYN�FXO � ;�OY@CB�|�OYJIU�UVLQN�@GB�|�H6B���OY�zH6>�>�@GB�| �
�uUV=Z¨�;�@CLAF�D�UVJI>�ECFh¬?J�;�EGLQ@G���~UVJ'H^@GB�O�@GB«LR��UtH^B��'LQN�=AF)F{OY>�HVD�F{�~@CJIFhB�OY@GU	B�O8x

��F?[�=Q@GF���_���F6OQD�=A@C[�FSN�U^� � � �Z¤�¤ . ��UV=Q��O-H6B���LQN�F)B���F?>�=QU6��@P�~F �~F)L�H^@CETO
U6�tLQN�F H^EGLQF)=�H^LQ@GU	B�O'LQN�H6Lg��F}N�H)��F�J'H	��F}LAU @CLhx � � �Z¤�¤ .�;�OYF6O'|	F)UVJIF)LQ=A@PD
¨�;�H^EG@CLR_�D�=A@CLAF)=Q@TH LAUMU	>�LA@CJI@TOYF'LQN�FgJIF6ORN:x+��L�LA=Q@CFXO�LAUM@CJI>�=QU6��FILQN�F�|	F)UVJIF)LQ=A@PD
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¨�;�H^EG@CLR_�U^��F6HVDWN�>�U�U	=�¨©;�H6EC@GLY_�LAF)LQ=�H^N�FX�~=QUVB¡[�_��rH	D�F �hF6�~|VF'OY��H^>�>�@GB�| � ORJIU�U	LAN��
@GB�|MU	='[�_�HV���~@CB�|¡>�UV@CB�L�OIH6LgORLQ=�H^LQFh|	@PDg>�U]OY@CLA@CUVB�O�x ��L'H6EPORU¡=AF)JIU6��F6OSLAN�F�[�H	�
|VF)U	JIFhLQ=Q@TD?¨©;�H^EC@GLR_gLQFhLQ=�H6N�F6�~=�H«�zN�@TDWN D)H6B}B�UVLS[�FI@GJI>�=QU6��F6�'[~_�H6B~_ OYLA=�H6LQF)|V_�x
��L�O?�rH	D�F �hF6�~|VF�OY��H^>�>�@CB�|M=AU	;�LA@CB�FXO�;�OYF3LQN�=AF)Fg|VF)U	J�F)LQ=A@PD'¨©;�H^EC@GLR_MJIF6HVOY;�=AF6OSLQU
�~FhLQF)=AJI@CB�F<�zN�F)LAN�F)=zLAU?ECU�D)H6ECEC_�=QF6D�UVB�B�F6D8LzH?LQF)LA=�H^N�F6�~=�H6E:JIF6ORN:x


 � N�FgJ'H6¬~JI@GBMOR@CB�F'U6�{�~@CN�F6�~=�H6E<H^B�|VECF D�=Q@GLQF)=A@CU	B�DWN�U�U]OYF6OtLQN�F3D�UVB~Å�|	;�=�H^�
LA@CUVB}LAN�H^L{J'H^¬�@CJI@GORF6O°LAN�FtJI@CB�@GJ?;�J­OR@CB�FtU^��LQN�F��~@CN�F6�~=�H6E�H^B�|VECF6OZU^�<LAN�F
LAF)LQ=�H^N�FX�~=�H?@CB'H?>�H6L�D�N:x


 � N�F�JI@GB�JIH6¬<�~@CN�F6�~=�H6E�H^B�|VECF�D�=A@CLQFh=Q@CUVB�JI@CB�@GJ�@TOYF6O�LQN�F�J'H6¬~@GJ�;�J �~@CN�F6�~=�H6E
H6B�|	EGF�U^��LAN�F�LQF)LA=�H^N�F6�~=�H�x


 � N�F�@CB���OR>�N�F)=AFzD�=A@CLQFh=Q@CUVB � H^>�>�=QUV>�=Q@TH^LQFzUVB�EC_Z�uUV=��rH	D�F�OR�zH^>�>�@CB�| � OYF)EGF6D�L�O�LAN�F
D8U	B~Å�|V;�=�H6LQ@GU	B�@CB��zN�@TDWN�B�U�LQF)LA=�H^N�F6�~=�HI@GB�LQN�FSÅ���F{>�U	@CB�LZEGU�D)H^E�OY;�[�JIF6ORN
D8U	B�L�H^@GB�O�LQN�F-UVLQN�Fh=�>�U	@GB~Lz@GB'@CL�OzD8@C=�D8;�J'OY>�N�F)=QF]x

Â<;�={H^@GJÃU^�zUV>�LQ@GJI@POAH^LA@CU	B�@TO�LQU'=AF6�~;�D�FtLQN�F?F)B�F)=A|	_�U^��LQN�FtORU	EG;�LQ@GU	BM=�H^LQN�F)=
LAN�H^B H^B�_'U^�zLAN�F?H6[�U^��F?|VF)U	J�F)LQ=A@PD�D�=Q@GLQF)=A@PH�x���Bg�rH	D�L�U	;�=ZUV>�LQ@GJ'H^E�JIF6ORN�F6O�J'H)_
@GB�D�EC;��~F�ORU	JIF'>�U�U	=3|	F)UVJIF)LQ=A@PD'¨�;�H^EG@CLR_MF)EGF)JIF)B�L�O{OY@CB�D�F � HVO«��@POQD8;�OQORF6�¡@GB � � * �
�uUV=�F)¬�H^J�>�ECF � EGU	B�|�H^B���LQN�@GB F)EGF)JIF)B�L�O�D)H6B¡�uU	=AJ >�H^=ALIU^��|VU�U�� J�F6OYNM�uU	=�H^B
H6B�@PORU	LQ=AU	>�@TD�ORU	EG;�LQ@GU	B:x{��F)B�D8F � LAN�FSÅ�=�OYLZL�H	OY��U6�zJIU���@ �u_�@CB�| � � �Z¤�¤ .��zHVO�LQU
@TOYU	ETH^LAF?LQN�F��rH	D�F �hF6�~|VF?OY��H^>�>�@CB�|'=QUV;�LQ@GB�F6O��u=QUVJ LQN�FSU	LAN�F)=ZJ�F6OYN'@CJ�>�=QU6��F)JtF)B�L
=AU	;�LA@CB�F6O8x

� N�F�OYF6D8U	B��SL�H	OY�?@GB?JIU��~@v�u_~@GB�| � � �Z¤�¤ .��zHVO/LQU�@CB�LQ=AU��~;�D�F<H°Å�F)EP�-�uUV=�LAN�F
ORU	EC;�LQ@CUVB��VH^EC;�FS�uU	=ZF6HVDWN3B�U��~F�x{yZO � � �Z¤�¤ . @PO�LAU	L�H^ECEG_'[�H	ORF6�gU	B�@CJI>�=QU6�~@GB�|
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=AF)>�EPHVD�F6�I[�_gHtOYFhL�U6��=QF)|V;�EPH6=QEG_I=QF�Å�B�F6�'DWN�@CEP�IF)EGF)JIF)B�L�O/�zN�@TDWN'J'H)_tLQN�FhJ'OYF)EG��F6O
[�FS�u;�=ALQN�F)=�=QF�Å�B�F6�«@v��B�F6D�F6OAOQH^=A_�xS��U	B�OYF6¨�;�F)B�LQEG_«|V=QF)FhB�F)ECF)J�F)B~L�O�H6EC�zH)_�O�OR@C|VB�H^E
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Å�B�H^E�=QF6HVOYUVB��uU	=�B�U	L�@CLAF)=�H6LQ@GB�|�LQN�F<N~_�[�=A@P�?H^EG|	UV=Q@CLAN�J LQUZ�u;�ECE�D�U	B���F)=Q|VF)B�D�Fz@TO��~;�F
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