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VATN (VAriable Area Turbine Nozzle)
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VATN (VAriable Area Turbine Nozzle)

forward VABI (VAriable Bypass Injector)
rear VABI (VAriable Bypass Injector)
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initialize population P(t)
evaluate P(t)
while (not termination-condition) do

begin

begin

end

t <- t + 1 
select P(t) from P(t-1)
alter P(t)
evaluate P(t)

end
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Cycle optimization variables

Mission evaluation

Control optimization
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Control optimization
h=h2, M=M2,....

Control optimization

BPR, Compressor pressure ratios, TIT

h=h1, M=M1,...
Control optimization
h=h1, M=M1,...

Control optimization
h=h2, M=M2,....

Control optimization
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Mission

Optional mode switch Optional mode switch

step 1

step 2

step 1

step 2

. . . . . 
Mission

GA OPTIMIZER
Cycle optimization

Preliminary design

leg 2 leg n-1

user specified user specified

h=h(mission leg 1)
M=M(mission leg 1)

h=h(mission leg n)
M=M(mission leg n)
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��3/�@(+*-, � X ® ®�X  ° ± 	 6®F57�!= 	i;<�&P*I,C +3/=)�V"�"L,C<)�V 4* � X ® ± X ° ® ± ®6® ± ®F57�!= ±i;<�8� 436=)�V"#"-,+<��! +* � X ® ®�X � � ± � 	 � 57�!= R7N*I,4(C�!"I%'MlMV%'=�>G�!=). ®)X ® ®�X ®6® ± �d® ± 57�!= �

�W%'8)M!* �;X ± ��iG�!) 7���%'�!,C"-,C%'Aª(`5R�V C 4�!3/=�¬ � � ¯�X
� w@? G ~L}W}\~L�F� };L[�2�2~��K�`|#�N~L�R�

���)*`36&P*I,C%'(+�!3/=R3'A (+��*ni;*-M!*I"L(+�!0/*2�bM@*I*I> 7 � h���%6 N8P*I*-=r>G*1 +"-,+�!8P*1>R�@=pi;*1"c(C�@36= 	�X ° %/=�>�!= � ��%'&)(+*-,	)XZ����*�3/,C�@.6�@=�%/Ml57�! C 4�!3/=?AB36,2_`�)�V"$�E(+�)*�&U3J_Z*I,2&)MV%'=d(2_�%/ `36&G(+�!57�@HI*I>?�! .6�@06*-=E�@=K�W%'8�M@* �GX ± Xb����*I���!./�d(nM!*-.o=;<)5F8P*I,C 2%/,+*�<P 4*1>?(+3o.6,+36<)&E5R�V C 4�!3/=EM!*-.6 n_`�q(C�(C�)*9 +%/57*� +&U*I"L�@YP"I%J(+�!3/=�(+36./*-(+�)*I,IX
� R



� w�� �E�S��� �DzL|#�\~-�F� � � �\�E� � L��\~I� ~��`|#�\~L�R�!LE�N� �DzL�n�
����*9=;<)5S8U*-,	3'AN&�%',$%'57*-(+*-,$ ��!=d063/M!0/*1>��!=K"L^G"-M@*936&G(+�!57�@H1%J(C�@36=E 4(+<P>G�@*1 n%/,+*�.6*-=)*I,C%/M@M!^,$%J(C�)*-,pM@�!57�q(C*I> ¬ 	6®J¯�X ¦)36,r(+��*¡i;*-M!*I"L(+�!0/*K�bM@*I*I> 7 � h2tZ 4�@  &�%/,C%/57*L(+*I,C R��%O06*E8P*I*-=�!=�"-M@<�>)*I>R�@=F(+��*b36&G(+�!57�@H1%J(C�@36=S&),C3G"L*I C IXT���)*1 4*�%',C*Z.6�@06*-=F�@=7�T%/8)M!* �GX R XWh� ;&U*-,C�!5R*I=d(C _`�@(+�eMV%',C./*I,�&P36&)<)MV%J(+�!3/=P 9%'=�>[MV%',C./*I,#0J%/,+�V%'8)M!*r>G3/5r%/�@=� � +*-,C0/*1>K(C3D�! +3/MV%J(C*70O%/,+�V%'8�M@*,$%'=�./*I 2AB3/,#_`�)�V"$�] +<�"-"-*I C �AB<)MW57�! C +�@36=¡"L365R&�M@*-(+�!3/=K_�%/ 	&P3d + +�!8)M@*6X#k	>)>G�@(+�!3/=�%/M\�@=)&�<G(>�%J(C%R=)*1"L*1 + C%',C^7(+3r>G*-Y�=)*�(+��*9>G*I +�@.6=�&U3/�!=d(`_Z*I,+*#(C%/:/*I=pAB,C3/5¤�W%'8�M@* R X )tG_`��*-,C*n(C�)*.6�@06*-=?*L¢o"L�!*-=P"L�!*I `_b*-,C*	<P 4*1>?%6 �&P36M@^d(C,+36&)�!"#*-¢r"-�@*I=�"L�!*I IX

jN%',$%'57*-(+*-, 0 %'=�./*¦�%/=E&),+*1 + +<),C*	,$%J(C�@3 R X ®Js�)X ®¦�3/,C_b%/,C>p8d^;&�%6 + b,$%J(C�@3 ®)X ± s ± X ®
��j � &),C*I C 4<),C*#,C%'(+�!3 R X ®Js ��X ®
0 *1%',�8;^d&P%/ C �,C%'(+�!3 ®)X ± s�®)X 
�nj � &),C*I C 4<�,+*#,C%'(+�!3 R X ®Js�)X ®�T<),C8)�@=�*��@=)M!*L(`(C*-57&U*-,$%J(+<�,+* ±O° ®6®)X ®Js ±�� ®6®)X ® :

�W%'8)M!* �;X R � � ^G"LM!*�3/&G(C�@57�!HI%J(C�@36=�0J%/,+�V%'8)M!*I bAB36,�(+�)*SiG*-M!*I"c(C�@06*��ZM!*-*1> 7 � h
��=�3/,$>G*-,�(+3R3/&G(C�@57�!H-*2(C�)*#*-=).6�@=)*	&P*I,4AB36,+5r%/=�"L*2�!=o(C�)*2AB36<),3���@.6�d(bM!*-.d a%9=;<)5F8P*I,3/AW"-3/=d(+,C3/MV �_b*-,C*	�!=d(+,C3G>G<�"L*1>lXN���)*#*L G��%'<P �(�=)3/HIH-M!*#%/,+*1%)t6(+�)*#A�%/=�%'=P>O��j � 0O%/,+�V%'8�M@*.6*-365R*-(+,C^p&�%/,C%/57*L(+*I,C ItG(C�)*9AB<)*IM%�P3J_£%/=�>E3/=)*S3'A\(+�)*SAB3/,C_b%/,C>?%'=P>?(+�)*F,+*1%',`=)36H-H-M!*%/,+*1%/ ���>)*-&U*-=�>G�!=).r36=p_`�)�V"$�E5R�V C 4�!3/=�M@*I.F(C��%J(`_�%/ b8U*-�!=).r*L G*I"-<G(+*1>��ctG_b*-,C*� 4�!5S<)M@(C%'s=�*-3/<P 4M!^D"L3/=d(C,+36M@M!*I>lt�(+3�3/&G(C�@57�!H-*S57�V + +�!3/=DM!*-.�iG¦ � %'=�>D(+3p C%J(C�! 4AB^?(+�)*R"L3/=P �(C,C%/�@=d(C IX����* �	j � 0J%',C�V%'8)M!*S.6*-3/57*-(+,C^E"-3/=d(+,C3/MT_b%6 2AB36<)=�>K(+3?0O%/,+^E06*-,C^?M!�@(4(+M!*R_`�)*-=]�q(�_�%/ &P%',+(n3'AW(+�)*R"L36=6(C,+36Ml3/&G(C�@57�!HI%'(+�!3/=E&),C3;"-*I C -tP%'=�>E_�%/ �(C�)*-,C*LAB36,+*�=)3/(n<� +*I>D%6 2%r"L^G"LM!*36&G(+�!57�@H1%J(C�@36=?0J%/,+�V%'8)M!*/X
����*n(C�),+<P �(b,+*1§6<��@,C*-57*-=d($ �3'A�(+�)*#57�! C 4�!3/=O���@.6�d(ZM!*-.6 b%',C*2.6�@06*-=o�!=��W%'8)M!* �GX ± XW�T3*I=� +<),+*Z +%'AB*�%'=�>� 4(C%'8�M@*�36&P*I,C%'(+�!3/=�3'Ad(+��*�*-=).6�@=�*/tJ%�=;<)5S8U*-,Q3/A)%/>)>G�@(+�!3/=P%'M/"-3/=� 4(+,$%'�!=d(C �P%/>p(+3r8U*#�!=d(+,C3G>G<�"L*1>lt) +*-*��T%/8)M!* �GX 	�XN���)*�� �
	  2� ± X ®R&�%/,C%/5R*-(+*I,Z.6<�%',$%'=d(+*I*I Z(+�P%J(

� 36=� �(C,C%/�@=d(67�%',C�V%'8)M!*I 
���
	  �� ���	� � ± X ®
��� 	  
� � � � � ± X ®®)X � � ���),C<� �(2 +&)M!�q( � ®)X ?� ���!./�d(2M@*I. �d��T<),C8)�!=)*��@=�M@*-(`(+*-57&U*-,$%J(C<),+* � ±�� ®/®-:

�W%'8)M!* �;X 	)� � 3/=� 4(+,$%'�!=d(C bAB36,�(+�)*�57�V + +�@36=
(C�)*RA�%'=[%'=�>K(+�)* ��j � 36&P*I,C%'(+*F�@=[%� 4(C%/8)M@*F,+*I./�!3/=��  4*I*Rkn&)&U*-=�>G�@ ]k#�cXS���)*F(+��,+<� 4( +&)M!�q(`"L36=� 4(+,$%'�!=6(��V Z,+*1§6<��@,C*I>7�!=r(+��*2(C%/:/*-su3/�?%'=P>rM!%/=�>G�!=).9M!*-.d -td�@=p3/,$>G*-,N(C3S5r%'�!=d(C%/�@=%/�@,$"L,$%JAª(2 4(C%/8)�@M!�@(�^¡¬ � ° ¯�X
� �/+.��� � * $�$'*�0 2 :1" < " � 8 : 
.8 -/*10 2
����*	�!=)�@(+�V%'MU0O%/M@<�*I aAB3/,Z(+�)*#3/&G(C�@5r%/MU"-3/=d(+,C3/MU 4*-(4(+�!=).d a_b*-,C*23/8)(C%'�!=)*1>o%/ a3/<G(C&)<G(bAB,+365(C�)*9>G*1 4�!./=E&),C3G"L*I C IXW���)*1 4*9%/,+*#./�!0/*I=��!=D�T%/8)M!* �GX �PX

� 	



7�%/,+�V%'8�M@* ��=)�q(C�!%/Ml0J%'M!<)*
5 ���	� ®�X ®
5 � � � ®�X ®¦)<)*IM ��3J_���:;.;�J $� �n*1 4�!./=?&P36�@=d(`AB<)*IM ��3J_" � �
� � � � �����
�  	F�/1 « � �n*1 4�!./=?&U3/�!=6(n%/,+*1%" �
	�� � � �����
�  	R�/1 « � �n*1 4�!./=?&U3/�!=6(n%/,+*1%" 	 � � � � � � � �����
�  	 �/1 « � �n*1 4�!./=?&U3/�!=6(n%/,+*1%¥K3;>)*�3'AT36&P*I,C%'(+�!3/= ��=6(C*-,C57*I>G�V%J(C*#36&P*I,C%'(+�!3/=

�W%'8)M!* �;X ���;��=)�@(+�V%'M� +*L(+(+�!=).6 �36=�(C�)*9"L36=d(+,C3/M &�%',$%'57*-(+*-,$ 
i;�!=�"L*D8U3'(C��(C�)*K +<)8� +3/=)�V"�%/=�>�(+�)*K +<)&U*-,$ 436=)�!"�573G>G*I 73/An(+��*¡i;*-M!*I"L(+�!0/*E�ZM!*-*1>*I=)./�!=)*a36&P*I,C%'(+*�_`�@(+�F3/=)*Z3'AG(C�)*Z=�3/H-HIM@*1 �"-M@3d 4*1>ltJ%2573G>G*Z +_`�q($"$�9��%6 Q(C3n8U*Z&U*-,+AB3/,C57*I>>G<�,+�!=).�(+��*`*-0J%'M!<�%J(C�@36=73'AU(+�)*257�V + +�!3/=7M@*I.6 IXT���)*	 4_`�@(C"$�7�V �"-%/,+,C�@*1>S36<G(��!5R57*1>G�!%'(+*IM@^8U*LAB36,+*#(+��*�Y�=�%'MT �(C*-&?�@=?(+��*�M@*I.�X¦)36,�(+�)*7&),C3/8�M@*I5  �(C<�>G�!*I>]�)*-,C*/t� 4(+*I&� ��!=¡(C�)*r%'M@(+�@(+<�>G*70J%',C�V%'8)M!*F3/A ° ®/®Js ± ®6®/®75_b*-,C*oAB36<)=�>� +<)�@(C%/8)M@*6Xe¥K%/"$�g=;<)5F8P*I,C F_b*-,C*�"$��%/=)./*1>e�@=�(+�)*E C%'57*oA�%6 4�)�!3/=�t�_`�q(C� 4(+*I&K 4�!H-*1 `,C%/=)./�!=).RAB,C3/5�®�X ®R(C3o®)X R Xb¦)<),+(+�)*I,+5736,+*6tGAB3/,2*I0/*I,+^�=)*-_  �(C*-&E(C�)*S"LM!36 +�!=).=)36H-HIM@*`%',C*I%#_�%/ \,C*I>G<P"L*I>S(+3 � ® �©3'A�(C�)*2&),C*-0;�!3/<� \0J%/M@<)*6XW���;<� It6%6 W(+�)*`573G>G*2 +_`�q($"$�_�%/ n&P*I,4AB36,+57*I>¡%'=�>E(C�)*R=)3/HIH-M!*9_b%6 n"-M@3d 4*1>K"L365R&�M@*-(+*-M!^/t 36=)M@^D%p5R3G>G*1 �(�"$��%'=�./*9�!=(C�)*9�@(+*-,$%J(C�@36=�0J%/,+�V%'8)M!*I 2_b%6 �=)*I"-*I C +%/,+^r(C3r3/8G($%'�!=D%78�%'MV%'=�"-*I>?*-=�./�!=)*/Xb��3rM!�@57�@(2(+��*"$��%/=)./*	�@=p(+�)*�"L36=d(+,C3/M�0J%/,+�V%'8)M!*I Z8U*L(�_b*-*-=p(+�)*� 4(+*-&P -tG%F57%' G�@5F<)5{0O%/,+�V%J(C�@36=o3'A � ® �(C3 ±�R ®�� 3/AU(C�)*20J%'M!<)*`368G(C%/�@=)*1>7�@=7(C�)*2&),C*-0;�!3/<� a �(C*-&7_b%6 �%'M!M!3J_Z*1>lXT¦�3/,N(C�)*2=;<)5S8U*-,3/A\ 4(+*I&� `<� +*I>?�)*I,+*r� � s ±�� �LtG(+�)*�5r%' ;�!5S<�5¤&U36 C 4�!8)M!*�0O%/,+�V%J(C�@36=�_�%/ `§d<)�@(+*�MV%',C./*6X�¦)36,(C�)�! a,+*1%/ +3/=QtO(C�)*I +*28U3/<)=P>) �36=F(C�)*n"-3/=d(+,C3/MG0J%',C�V%'8)M!*I \_b*-,C*`,C%/,+*IM@^9AB3/<)=�>R(C3�8P*	%/"c(C�@06*_`�)*I=?(+�)*�<� +*-,2 +&U*I"L�@Y�*1>p57�V + +�@36=EM@*I.R_�%/ b,C*I%6"$�)*I>lX

�3��+.� � �#�!8;2�� ��� � $�" -'-/*�2.<3$
���)*`36=)M!^S=)36=Gs� 4(C%/=�>)%/,C>F 4*-(4(+�!=).�AB36,N(+�)*#i�¨#j[�@57&)M!*-57*-=d($%J(+�!3/=7<� +*I>R�)*I,+*9� ha®
� 
 � ¦,C3/<G(C�@=�*b�!=D¬ �'O¯B�ct/_�%/ T(C3�,+*1>G<�"L*b(C�)*`&),C*I"L�V +�@36=S,C*I§d<)�!,+*I5R*I=d(\36=S(C�)*`3/&)(+�!57%/M@�@(�^�(C3/M!*-,+s%/=�"L*	(+3 ± X ®/h�s ° XT���)�V Z(+3/M!*-,$%'=P"L*#�! b573/,C*2(C��%'=E 4<)¢r"-�@*I=d(ItG"L36=� 4�V>G*I,+�!=).9(C�)*�%/"I"L<),$%/"-^3/AT&),C*-M!�@57�!=�%',C^p>G*1 4�!./=?573G>G*-MV -X�����*9 4*-(4(+�!=).d �3'A�(C�)*Sf�k %/,+*	AB3/<)=P>��!=D�T%/8)M!* �GX ° X

jN%',$%'57*L(C*-, 7�%/M@<)*j\3/&�<)M!%'(+�!3/=E 4�!H-* ± ®6®§K��=)3/,C5r%'M!�@HI*I>�,C%/=):;�@=�.F&�%/,C%/57*L(+*I,$� ®)X ® R8e�  4��%/&P*�&P%',$%'57*L(C*-,bAB3/,`=)36=Gs�<)=)�@AB3/,C5 5S<G($%J(C�@36=P� Rk2,C�q(C�)57*L(C�!"9"-,+3d + +3J0/*I,�AB,C*I§d<)*I=�"L^ ± ®i;�!5R&�M@*9"-,+3d + +3J0/*I,aAB,C*I§d<)*I=�"L^ ± ®

2=��qAB36,+5�5S<G($%J(+�!3/=�AB,C*I§d<)*-=P"L^ °m236=Gsu<�=)�qAB36,+5¤5S<G($%J(+�!3/=?AB,C*I§d<)*I=�"L^ °

�W%'8)M!* �;X ° �[i;*L(+(+�!=).6 p3/=�(+�)*]"L3/=d(C,+36M2&�%',$%'57*-(+*-,$ 73'A#(+��*]f�k �� +*-* ¬ '�dtZ � ¯nAB36,p%>G*-Y�=)�@(+�!3/=P�LX
���)*�A�%/�@M!<),C*�A�%/"L(+3/,`_�%/ n 4*-(`(+3o®)X � ° t)�uX *6XZ%'M!MlA�%/�@M!*I>D>G*1 4�!./=P �_Z*I,+*�.6�@06*-=E%RY)(+=)*1 + 0J%'M!<)*#*I§d<�%/MP(C3 � ° � 3'AT(+�)*#_b3/,$ �(� 4<�"I"L*1 + 4AB<)Ml>G*I +�!./=p�!=�(+�)*#&P36&)<)MV%J(C�@36=QX����)*#�@=)�@(+�V%'M

� �



± ®/®R*-=�./�!=)*��@=�>)�@0;�V>G<�%'MV `_b*-,C*� 4*IM@*1"c(+*1>oAB,C3/5 ° ®6®S*I=)./�!=)*I It),$%'=�>)3/57M@^o>)�! 4(+,C�@8�<G(+*1>E�@=(C�)*9%'M!M!3J_Z*1>�>G*1 4�!./=E +&�%/"-*7�  4*I*��T%/8)M@* �GX R �cX
� w$v ��~-� �DzL|#�N~L�F� �N�2}W�Dzc�W}
iG�@=�"-*a(C�)�V W 4(+<P>G^�AB3G"L<� +*I>�36=S,C*I>G<P"L�!=).2(C�)*a5r%/ C %��3J_e3'A)(C�)*b3/,C�@.6�@=�%/Mdi;*IM@*1"c(C�@06*Z�bM@*I*I>*I=)./�!=)*S>)*I +�@.6=D./�!0/*-=E�!=�¬ � � ¯�tP%o +*-,C�!*I `3/A\36&G(+�!57�@H1%J(C�@36=K �(C<�>G�!*I 2_b*-,C*9"-%/,+,C�!*I>?3/<G(n(+3>)*L(+*I,+57�!=)*Z%	 4<��q($%'8)M!*Z>G*1 4�!./=�&U3/�!=d(T5r%/ C %��3J_[(+��%'(W%'M!M!3J_Z*1>#(+�)*a(+�),C<� 4(T,C*I§d<)�!,+*I5R*I=d(C 3/AP(C�)*2*I=)./�!=)*�(+3�8U*`57*L(1X\����*`,C%'(+*�3'Al 4<P"-"L*1 + 4AB<)M)57�V + +�!3/=r"L365R&�M@*-(+�!3/=RAB3/,\(C�)*2�!=)�q(C�!%/M&U3/&�<)M!%'(+�!3/=�>G*I"-,+*1%/ +*I>KAB,+365 �6° � %J(I	/®/®�:;.;�' n(C3 ±O° ��%'( R �6®�:;.;�J IXSkb( R ®/®o:;.G�J 36=)M!^p(C�),+*I*�3/<G(	3'A\(+�)*S�@=)�@(+�V%'M ° ®6®F57�V + +�!3/=E*-0J%'M!<�%'(+�!3/=� `_b*-,C*9 +<�"-"-*I C �AB<)MuXZ����*S"L^G"LM!*&P%',$%'57*L(C*-,$ �3'A\(+�)*F>G*I +�@.6=E_`�q(C�E(+�)*9M!3J_b*I 4( iG¦ � 3'AW(+��*I +*�(+�),C*-*S*-=).6�@=)*1 -tP%',C*�./�!0/*-=�!=D�T%/8)M!* �;X )XN���)*�*L� *I"L(23'AW(+�)*9 +<)&U*-,$ 436=)�V"#"-,+<��! +*�"L3/=P �(C,C%/�@=d(�� ���!./�d(2M!*-.r=)3PX ± �b3/=(C�)*F"-^G"LM!*�&�%',$%'57*L(C*-,$ ��! n*-0;�V>G*-=d(IX`���)*S,+*IM!%'(+�!0/*-M!^pM!3J_ "L3/57&),C*I C +3/,�&),C*I C 4<),C*�,$%J(+�!36 It�!=¡&P%',+(+�V"L<)MV%',23J06*-,n(+�)* �nj � t %'=P>E(+�)*FM@3J_ (C<),C8)�@=�*S�!=)M@*-(#>G*1 4�!./=K(+*-57&U*-,$%J(C<),+*F./�!0/*%7MV%',C./*#5r%',C./�!=oAB36,`*-=)*I,+.6^o�@=�&)<G(n%J(`(C�)*9 +<)&P*I,C"-,+<��! +*#"-3/=�>)�q(C�@36=QX

jN%/,C%/57*L(+*I, 7�%/M@<)*¦P%'=?&),C*I C 4<),C*#,C%'(+�!3 �PX ��	/® R¦�3/,C_b%/,C>p8;^d&P%/ C �,C%'(+�!3 ®�X �  °)±
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¬ �'¯4��X �9XP¦W�V 4�;8�%6"$�?%/=�> 0 X �©X :�3;*-=)�!.�XZf#*I=)*-=�.r�@��sZ%7&),C3/./,$%'5{AB36,n"-%/M!"-<)MV%J(+�!=).>G*1 4�!./=p%/=�>o3/�Ps�>G*1 4�!./=r&U*-,+AB3/,C5r%'=�"-*n3'A�(�_Z3/sW%'=P>r(+��,+*I*Ls� 4&U3;3/MP(+<),C8P3/A�%'=� Z_`�@(+�%/ �5r%/=d^�%/ �(C�),+*I*-*�=)36H-H-M!*I IX)*I=)./�!=)*I IX��T*I"$�)=)�V"-%/M 0 *-&U3/,+(n�`m �ns� °/° 	�t)mnk#iGk

�Q*I_`�! It)¦)*I8),1X ± � � R X
¬ ° ¯4��XQ�9XU¦T�V +�d8P%/"$�D%'=�>D¥gX PX � %/>�>G^/X`m2=�*-&Esa(C�)*9=�%O0;^�=�%/ C%7*-=).6�@=�*9&),C3/./,$%'5EX�T*I"$�)=)�V"-%/M 0 *-&U3/,+(2�`¥Es �2s�� ±��d° �Gtdm	k	iGk ��*-_`�V -t)¦�*-8),1X ± � � ° X
¬ J¯ PX'¦ZX/iG*-M!M@*I,C N%/=�> � X��X��#%'=)�!*-M!*/X �n^;=).6*-=Fs�%	&�,+36./,$%'5£AB3/,�"I%'MV"L<)MV%J(C�@=).� 4(+*1%/>G^ds 4(C%J(C*9%'=�>?(C,C%/=� +�@*I=6(	&P*I,4AB36,+5r%'=P"L*�3'A\(C<),+8U3'��*-(	%'=P>?(+<),C8P3/A�%'=D*I=)./�!=)*I IX���*1"$�Gs=)�V"-%/M 0 *-&U3/,+(2�`m`s �2s�� � ® ± tGm	k	iGk ��*-_`�V -t)kn&),C�@M ±�� � ° X
¬ �1¯ PX 0 X�i;H-<�"$��X �n^;>)*I I�#k ./*I=)*-,$%'M!�!H-*I>¡�;^d8�,+�V>¡"-3/57&)<G(C*-,�&),C3/.6,C%/5�AB36,� �(C<�>G^ds�!=).S(C<),C8P3/��*L(`3/,b(+<�,+8U3'A�%/=�*I=)./�!=)*�>G^;=�%'57�V"- IXW�T*I"$�)=��!"I%'M 0 *-&U3/,+(2�`¥Es �2s 	/® ± ��tmnk#iGk-�Q*I_`�! 0 *I +*I%',$"$� � *-=d(+*I,It)kn&),+�!M ± � � �PX
¬ � ¯Sk9X2�aX�h�0J%'=P -tZfRX�¦�3/M!M@*I=Qt�%'=�> � X�mn%'�!5r%'=QX m2<�5R*I,+�V"-%/M�&),+36&)<)MV 4�!3/=� 4^G 4(+*I5 +�@5F<)M!%'(+�!3/=�(  b=�%J(C�@36=�%'MQ"-^G"LM!*�&),+36./,$%'5EX �	�!�"�#
���$�����%�%�����%�%� t ± ���� X
¬ � ¯9�d(4(C&Q� �6�O_`_`_�X ./,$"'X =�%/ C%)X ./3J0�� � � � � 0 � ± ���� � R ®'®6®6� R � ®'®'=P%'�!57%'=QX �d(C5RMuX
¬ ± ®J¯ �©X��aX/¥K%/"I¥D�!M@MV%'=QX'& ��()��*,+��'-.��/102+43	�657+98;:<*=�;�?>�@����BAC+;-	�':<0D���E
E�!+�F����;-G3�+;�

0IH��JAC�;*=K�:$��0MLN+�/O+�3�P��)Q�>�:<��R�LS/T� & �UQULVF%/B
���I3�+��U-W��/'K�� X)j��+� (+��*I +�! It � ,C%/=GY�*IM!>
��=� 4(+�@(+<G(C*�3'AN��*1"$�)=)36M@36./^/t ±�� � �PX

¬ ±6± ¯ PX 0 X/jN%/M@57*-,�%/=�>BXFX � ��*-=)./s �U��3/=).PXP�T<),+8U3'(C,C%/=� WsT%#&),C3/.6,C%/5R57�!=).#M!%/=)./<�%/./*AB3/,a(+�)*	&P*I,4AB36,+5r%/=�"L*2 +�@5F<)MV%J(+�!3/=r3/AQ%',C8)�q(C,C%/,+^F.6%6 \(+<),C8)�!=)*n*I=)./�!=)*1 �_`�@(+�p%/,+8)�@s(+,$%',C^�"L36=6(C,+36MG 4^G 4(+*-5r IXGk	iG¥Kh ��R s�f��bs R ®/®)X1k257*-,C�V"-%'=ri;3G"L�!*L(�^�3/AU¥D*1"$��%'=��!"I%'Mh�=�./�!=)*-*I,C ItGk2&),C�@M ±����R X
� �



¬ ±�R ¯ �X :�<),CH-:6*/X6¥¡%'=;<�%'Md.6%6 �(C<),C8 � X ®`AB3/,W_`�!=�>G3J_2 �sl%n&),C3/./,$%'5 (+3�"-%/M!"-<)MV%J(+*b>G*I +�!./=%'=�>�3'�Us�>)*I +�@.6=�&U*-,+AB3/,C5r%'=�"-*#3/AT.d%/ b(+<�,+8)�!=)*1 -X��T*I"$�)=��!"I%'M ,+*I&P36,4(1t ± ���� X
¬ ± 	'¯ �X�kSX 0 *I*I>D%'=P>�kSXPk9XPk28 >G3/M!M!%/�QXZk��4%O0J%'su*I=�%'8)M!*I>��!=6(C*-,$%/"L(+�!0/*�./,$%'&)���!"I%'M .6%6 (+<),C8)�!=)*�&),C3/&)<)MV +�@36=� +^; 4(+*I5� +�@5F<)MV%J(+36,IX �����	�#
����$����������� �%�%� t ±��
� �;X
¬ ± �/¯ �X;k9X 0 *-*1>o%'=P>ok9X;k9XGk28 >G36M@MV%'�QXQk��4%O0J%9 +�@5F<)M!%'(+36,�AB3/,a(+*1%/"$�)�!=).9.d%/ N(C<),C8)�@=�*3/&U*-,$%J(+�!3/=�X �	�!�"�#
���$���6�������%����� t ± �
� �;X
¬ ±1° ¯ �XJk9X 0 *I*I>R%'=�>Fk9XJk9X'kn8U>)3/M!M!%/�QX � 3/57&)<G($%J(+�!3/=P%'MG 4�!5S<�M!%'(+�!3/=93/A�.6%6 Q(C<),+8��@=)*1 -�jN%',+(b�lsNAB36<)=�>)%'(+�!3/=� �3/A\"-3/57&U3/=)*I=6(+su8P%/ +*I>o573G>G*IM! IX6/<�=)* ± ���
� X
¬ ± '¯ �XJk9X 0 *I*I>R%'=�>Fk9XJk9X'kn8U>)3/M!M!%/�QX � 3/57&)<G($%J(+�!3/=P%'MG 4�!5S<�M!%'(+�!3/=93/A�.6%6 Q(C<),+8��@=)*1 -�jN%',+(b�!�ls�*L ;(C*-=� +�@8�M@*9>G365r%'�!=pAB,$%'57*-_b3/,C: X 6<)=)* ±��
�
� X
¬ ± �O¯9j\X �aX��	%'=� +*-=�t 0 X'63/�P%'=� C 436=Qt��cX'63/�P%'=� C 436=Qt6%/=�> �aXd¥K36 C 48U*-,C.�XTi;(+*I%6>G^r �($%J(C*&P*I,4AB36,+5r%'=P"L*`3'A .6%6 \(+<�,+8)�!=)*2*I=)./�!=)*1 -XU��*1"$�)=)�V"-%'MP,+*I&P36,4(1t���=d(+*I,+=�%/M 7N3/M!0/39kn*-,C3

0 *-&U3/,+(It ±�� � � X
¬ ±�� ¯ 
9X���X PX�f#,
	36=� 4(+*I>G(�%/=�>�
9X ���%/M@MuX7¥D�! C +�@36=[>G*I&P*I=�>G*I=6(936&G(+�!57�@H1%J(C�@36=]3/Ab%/>Gs0O%/=�"L*1>9YP./�d(+*I,W*I=)./�!=)*1 -X/��= ���%0SHB�U/10 ���U/'��0MLN+�/'��*�1@;-	��+;QULS:<- +�/?�"LS���������0SH<LS/ F

� / F%LS/'��Q��	A H��;0 0D�;/'+9+�F����������� t ±��
� �GX
¬ ± � ¯ 
9X)��X+PX)f#,
	36=� �(C*I>;(1X � 3/=d(+,C3/M 3/&)(+�!5R�!HI%'(+�!3/=?3'AT(+�)*#(+,$%'=P 4�!*-=d(�&P*I,4AB36,+5r%'=P"L*#3'A(+�)*2 +*-M!*I"L(+�!0/*�8)M!*-*I>R0J%',C�V%'8)M!*`"L^G"LM!*�*-=).6�@=)*2>)<),+�!=).�573G>G*�(+,$%'=� +�@(+�!3/=QX/��= ��$5 �>�������� � � 
!�"�#���$�%� 5 :</$LNK�H#�	P����U-W��/$@ t R ®/®/®�X
¬ R ®'¯ �X 0 <�5S8�%/<)./�QtQ�bMV%'��%?¥eX!t�%'=P> �©XQja,+*I5R*I,+MV%'=�� X ��R'&���K�0 �(� �ULN��/10 ��8 5 + 8���*VLS/ F

�;/'8 & ��QULVF�/ X�j�,C*-=d(+�V"L*-s �	%'M!M t ±��
�)± X
¬ RG± ¯I�cX�63/�P%'=� C 436=QX �R'&���K�0 �(� �ULN��/10 ��8)T+43�0+* ���!� � / F�LS/T�����ULS/ F X¤k	>)>G�V 436=Gs �]*1 4M!*-^6t± �
� �;X
¬ R
R ¯9¥�¥D*L($"-%'M@A)%'=�>IPX 0 *-�V>lX#, +;�U0 �!�;/W��� �.- �T*,�;LS/T��8 t'"$��%'&)(+*-, ° X)n ;AB3/,$> 
2=)�!0/*I,C +�q(�^j�,C*I C -t ± ��� 	�X
¬ R 	'¯9� �nh ¥KkN� � � ) 0 :9i t ��m � X@t R ��j�,C�@57*���%O^/tUmn%J(C�!"$:E¥KkSX 5 �;0 *,�%R/��� �7�;/T8

1LS-?:<* LS/10/�#� � X
¬ R �/¯I��=6(C*-.6,C%'(+*I>?i;^G �(C*-5r It ��m � X!t)�d(4(+&�� �6�O_`_`_�X �! +� X "L365EX 5 �;0 �UL -%� 
E�!+98;:$K�0 , �;-?LS* @ X
¬ R/° ¯9kn>G0J%'=P"L*I> 7	�! +<�%/M6i;^G �(C*-5r ��=P"'X!t ��%'M@(+��%/5EtO¥¡k9tI¥¡%O^ ± ����R X �324 & ��()��*,+�������5 Q

PE:<LN8�� X
¬ R '¯ 
9X ��XQEf#,
	36=� 4(+*I>G(IXnk	>G0J%'=�"-*I>¡ +3/M!0/*I,C bAB36,	.6*-=)*I,C%/MQ�)�!./�K&U*-,+AB3/,C5r%'=�"-*�(+,$%'=)s 4�!*-=d(S.d%/ #(+<�,+8)�!=)*p +�!5S<)MV%J(C�@36=](C3;3/MV -X ��= ����0IH �U/10 ���U/'��0MLN+�/'�;* 1@;-	��+;Q�LS:<- +�/

�"LS�6��!����0SH<LS/ F � / F%LS/'��Q�� , *,+;�!��/'K��7� �U0D�;*V@ t ± ���
� X
¬ R �O¯���XT¦bX\i;��%'57&)�!=)*6tW¥eX �©X 0 *I�!"$��*-M@(It\%'=�> PX�k9X :��@*I,+HI*-=):J%�X?i;36M@0;�!=).D�@=P>G*L  ±>)%'*1 ��@=E5r%J(CM!%/8?%/=�>E 4�!5S<)M!�!=): X <�!�J58�"��(9LN�9* t/� ± � ° 	 �%:)°/°�R t ±��
��� X
¬ R � ¯ �X)kSX 0 *-*1>lX ��=d(+*I,+=�%/MQ"L365R5F<)=)�V"-%'(+�!3/=Qt R ®/®/®�X
¬ R�� ¯���X�¦bXPi;�P%'57&)�!=)*/X ��=d(+*I,+=P%'Ml"L365R5F<)=)�V"-%'(+�!3/=Qt ±��
�
� X

� �



¬ 	6®J¯ �9Xdk9X � 36�)*-=�t;fRX/¦bX � X 0 36./*-,$ It'%'=�> �SX
�cX
�SXdiG%/,C%O0J%'=P%'5S<)(4(+3;3PX P��)QW>�:<��R�LS/T�
>TH���+;�U@ XD�Q3/=�./5r%'=DiG"L�!*-=d(C�qYP"�%/=�>E��*1"$�)=)�V"-%'Mut ± ��� �X

¬ 	 ± ¯ PX'�FX)¥K%'(4(+�!=).6M@^6X � *,��-.��/$0MQ +43 F �)Q 0 :<��R�LS/T� �'��+��':<* Q�LN+�/ tU"$��%'&G(C*-, ° t;&�%/./* R � ± X¥K"1f#,C%O_�s �2�!M@Mut'��=�"'X!t ±��
� �X
¬ 	 R ¯ PX@��X :�*-,C,+*I8),+3G"$: X �"LS�!K��!�43�0 � / F%LS/'��QB�;/'8 P��)QO>�:<��R�LS/'��Q t "$��%/&G(+*I, R tP&�%'.6*�&QX

RG± XN���)*�¥ ��� ja,+*1 + It ± � �
�;X
¬ 	�	J¯ �9X��cX'�9X)iG%',$%O0J%'=�%/5S<G(+(+3;3�Xlid(C*I%/>)^7%/=�>7(C,C%/=� 4�!*-=d(a&U*-,+AB3/,C5r%'=�"-*2&),C*I>G�V"c(C�@36=o3'A.6%6 Z(+<),C8)�!=)*�*-=).6�@=�*I IXW&P%'./*1 ± X ±(: ± X ±�� X;k2f�k 0 �2s �Tids ±�� 	)t ± ����R X
¬ 	
�'¯9j\X)mn%/<)./�d(C3/=D%'=�> �9X iG"$�)�!M!>G(IX�� �;(;����� >TH�� AC+;-	�'*,��0D�!�"�N3����!��/'K�� X )# 48U3/,C=)*¥K"1f#,C%O_�s �2�!M@Mut ± ���
� X
¬ 	 ° ¯ �	�@.6�q($%'Ml0;�! +<�%/M AB3/,+(+,$%'=?,+*-AB*-,C*-=�"-*	5r%'=;<�%/MQ)X ®)t ±��
�� X
¬ 	6J¯ PX\kSXam2*IM!>)*-,o%'=P> ¥D*1%/>lX�k  4�!57&)M!*L �57*L(C�)3G>gAB36,7AB<)=�"L(+�!3/= 57�@=)�!57�@H1%J(C�@36=QXAC+;-	��� � +�:<�9� tQ�;� 	/® �%: 	 ± 	�t ± �  ° X
¬ 	'�1¯ �©X �9XGj�,C*I C Itdi XGk9XG�T*-<):63/MV 4:;^6td%/=�> �©XG��X 7N*L(4(C*-,CM@�!=).PX�� :<-.���ULNK���*T�!��K�L �$�UQJLS/

, � �6> �	� � � 0SH$�B���U0E+�3�Q�K�LN��/10ML �EKBK�+�-��T:<0MLS/ F X � %/5S8),C�!>)./* 
2=)�!0/*I,C +�q(�^oja,+*1 + It± ����R X
¬ 	 � ¯Si X 0 %'<�X � / F%LS/'�����ULS/ F +��'0 LS-BL��9��0MLN+�/7� 0IH���+;�U@ ��/'8	�'���%K�0MLNK�� X��b*-M!5R36=d(ItGkb(+�)*I=�%iG"-�@*I=6(C�qYU"'t ±��
� �X
¬ 	 � ¯ 0 X
� �b,C3J_`=QX ��=d(+*I./,$%J(+�!3/=F3'Al%#0O%/,+�V%'8�M@*`"L^G"-M@*�*-=�./�!=)*2"L36=�"L*I&G(N�@=r%� +<)&P*I,C +3/=��!""L,C<)�V 4*�%/�@,$"L,$%JAª(1X �	�!�	� 
���$����� ���4�����1� t)/<)M!^ ±�� � � X
¬ �d®J¯ 0 X%�FXTknM@MV%'=�X�f#*-=)*I,C%/M�*-M!*I"L(+,C�!"7"-3/57&�%'=;^K0J%/,+�V%'8)M!*o"L^G"-M@*7*-=�./�!=)*7(+*1"$�)=)3/M!3/.6^>G*I5R36=� 4(+,$%J(+36,�&),+36./,$%'5r IX �����	�#
����$���/�9���4�%���%� t ±�� � � X
¬ � ± ¯9¥eX �©XW¦�,+*I=�"$��%'=P>gfRX��aXTk2M!M!*-=QX¡m	%/ C%D06"-*r(+*1 �(R8P*1>e*-=�./�!=)*p%'*I,+3G>G^;=�%/57�!"&U*-,+AB3/,C57%/=�"L*#"$��%',$%/"L(+*I,+�V �(C�!"I �%'=P>r(+*1 �(`,C*I +<)M@(C IX%��= �	�!�"�
	��� � 	��!15 ��� +;LS/10


E�!+��':<* QULN+�/ AC+;/93�������/TK��7�	AC+;*=+;�!��8%+���T�ULS/ F�Q ��AC+�*,+;�!��8%+ t)6<)M!^ ± � �)± X
¬ � R ¯���X �9X`¦W�! +�;8�%/"$��X mn%/ C%e,C*I +*I%/,C"$���@=  4<)&U*-,$ +3/=)�V"D&),C3/&)<�M! +�@36=Q��k >G*1"-%6>G*K3'A&),C3/.6,+*1 + IXT�T*I"$�)=��!"I%'M 0 *I&P36,4(2�`¥ ��R�  R tGmnk	i)k-�Q*-_`�V It ± ���R X
¬ ��	J¯9¥eX�hnX)�b,C%/H-�!*-,`%'=�> 0 XPjN%'<)MV + +3/=�X 7�%/,+�V%'8)M!*�"L^G"LM!*�*-=�./�!=)*�"L3/=P"L*-&)(IX ��= �����	�!�

� *,��(;��/10SH��U/10 ���U/'��0MLN+�/'��*$'@;-��$+)QULS:<-#+;/��"LS� ���!���;0IH LS/ F � / F%LS/'��Q�� >1+ 0�@%+ t/iG*-&G(1X± ��� 	�X
¬ ���'¯9¥eX+PX+�n�@,$ +"$�;8U*-,C.�X����)*9%6>G0J%'=�"-*I>�(C%6"c(C�!"I%'MlY�.6�d(+*-,`*I=)./�!=)*9>G*I0/*IM@36&)57*-=d(2&),C3's./,$%'5EX���= �%��0IH.�U/10 ���U/'��0MLN+�/'�;* '@;-��$+)QULS:<- +;/O�"LS� ���!���;0IH LS/ F � / F�LS/T�UQ���A H���0M�

0D�;/'+9+�F���� ��<�3� t ± ��� �GX
¬ � ° ¯Si Xak	>G�!8)��%J(CM!%�t�fRX3�X � 36M@M!�!*-,1tb%/=�> �FX �U��%/3�X*)� "-3/=d(+,C3/M`>G*1 4�!./= AB3/,�%p��*-(*-=�./�!=)*/X �����	�#
����$�������������
��� t ±��
� � X
¬ �dJ¯���X�)	././*I,+3D%/=�>�j\XTj��!M!�!>G�V IX?k�=�3J0/*-Ma3/&G(C�@57�V +%'(+�!3/=�57*L(+��3;>[AB36,S0J%',C�V%'8)M!*r"L^ds"LM!*?*-=).6�@=)*1 -X�k	iG¥¡h�jN%/&P*I, � � s�f��bs ± � R XTk257*I,+�V"-%/=�i;3G"L�!*L(�^e3/A#¥D*1"$��%'=��!"I%'Mh�=�./�!=)*-*I,C It ± �
� � X

�
�



¬ �'�O¯9¥eX kSX 0 Xamn%6 +"-�@57*-=d(C3�X >TH�� T��*,��K�0 LS(;� ��*,����8 21�;�ULN��R�*=� A @%K�*,� � / F%LS/'� X j��+�(+�)*1 4�V -t � ,C%/=GY�*-MV> ��=� �(C�q(C<G(+*�3/A\�T*I"$��=)3/M!3/.6^/t ± ����R X
¬ � � ¯9¥eX kSX 0 XUm	%/ C"L�!5R*I=d(+3o%'=P>Dj\X�j��!M@�V>G�V -X`���)*F 4*IM@*1"c(+�!0/*�8�M@*I*I>E0J%',C�!%/8)M!*9"L^G"LM!*�*-=Gs./�!=)*/X/k#iG¥KhKjN%/&P*I, �)± s�f��bs 	 � � XLkn5R*I,+�V"-%/=9i;3G"L�!*L(�^#3'A)¥D*I"$�P%'=)�V"-%/M6h�=�./�!=)*-*I,C It± �
��± X
¬ � � ¯I�cX 
nM@�!HI%/,W%/=�>Sj\XOj��!M!�!>G�V IX;�T,$%'=� +�q(C�@36=S"L36=d(+,C3/M6%/=�>9&U*-,+AB3/,C5r%'=�"-*a3/A)(+�)*� +*-M!*I"c(C�@06*8)M@*I*I>R0J%',C�!%/8)M!*�"-^G"LM!*�(+<),C8P3/A�%'=QXUk	iG¥¡hejN%'&U*-, �6° s�f��bs R � )XOk257*-,C�!"I%'=oi;3G"L�!*L(�^3'AN¥D*I"$��%/=)�V"-%'Mlha=)./�!=)*-*I,C It ± ���6° X
¬ ° ®'¯��6(+(+&Q� �/�J_`_`_�X =�*L(+M!�!8QX 36,+.G�;X
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¬ °
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+ * ��� t �� � ± � ® : ± �� t6kn&),+�!M ±�� �J�X
¬ ° 	'¯ �SXQf�%',C,$%',$>lt�¥eX)/,1X)�	%O0;�V -t k9X)�n%/M@*6t)PX � ��%'M!: tU%/=�>¡i XliG%O0/*IM@M!*/X	k2=�%/M@^G +�! n3'A.6%/ a(+<�,+8)�!=)*#*-=).6�@=�*	36&P*I,C%/8)�@M!�@(�^F_`�@(+��(+�)*�%'*I,+3G>G^;=�%/57�!"2(+<),C8)�!=)*	*I=)./�!=)*#"L3G>G*/X

��= �(<�6� � �����(�%����� tP&P%'./*1 R
R 	 : R 	 R X;k.��k	k9tPiG*-&G(C*-5S8U*-, ± �
� �;X
¬ ° �/¯9¥eX �©X�/,1X
�#%O0d�V �%/=�> �©X6¦bX ) ( �b,+�!*-=QXlid($%'./*-su8;^ds� �($%'./*Z&P3d �($ �($%'M!MP"-3/57&),C*I C 4�!3/= 4^G 4(+*-5 573G>G*IM@�!=).?(+*1"$�)=)�V§6<�*/X �	�!�"� � +�:<�U/'�;* +436
E�!+��T:<* QULN+;/ �;/'8 
+�* ��� t;�Gtm23J0/*I5S8U*-, ± ���)± X
¬ °/° ¯9j\X'j��!M@�V>G�V W%/=�> �9X 0 X��aX'¥K%/" � %'M!<)5EX)���)*�&),C*I>G�V"c(C�@36=S3'A  4<�,+.6*Z5r%',C./�!=� \>G<),C�!=)..6%/ o(+<),C8)�!=)*K(C,C%/=� +�@*I=6($ -X�k	iG¥Kh�jN%'&U*-, �6° s�f��bs R ® � X�k257*-,C�V"-%'=£i;3G"L�!*L(�^�3'A¥D*I"$��%/=)�V"-%'MQha=)./�!=)*I*-,$ -t ± � �6° X
¬ ° '¯ 0 Xlk9X � ,$%O_�AB3/,$>D%'=�>]k9Xlh2Xl�b<),C_Z*IM@MuXS¨	<�%'=d(+�@(C%'(+�!0/*F*-0J%'M!<�%J(C�@36=¡3/A�(+,$%'=� +�!*-=d(�)*I%'(N(+,$%'=� 4AB*-,N36=R%' ;�V%'M'�P3J_ "L3657&),+*1 + +3/,N 4(C%/8)�@M!�@(�^/X�k���knk jN%/&P*I, �6° s�f��bs ± 	 °�R t± ��d° X
¬ ° �O¯ �9X�f#3/MV>¡%/=�>]ilX 0 36 +*-=)HI_Z*I�@.PX�k 57*L(C�)3G>DAB36,#*1 �(C�@5r%'(+�!=).? +&U*-*I>¡,+*1 4&U3/=P 4*F3'A.6%/ Z(C<),+8��@=)*�*I=)./�!=)*1 -X��T*I"$�)=��!"I%'Ml,C*-&U3/,+(ItGmnk � k2s 0 ¥Ds�h °G± : R)± t ± �d°
R X
¬ ° � ¯9¥eX���XUi)"$�)3/8U*-�!,+�ut�¥eXPkb(4(+�V%)tU%'=�> � X@���@&�&):/*6XZf#*L(C,C%/=Q�ak©.6*-=)*I,+�V"'tG573G>G<)MV%',CM@^ �(C,+<�"L(+<),C*I>7"-3/57&)<G(C*-,�"L3G>G*�AB36,� 4�!5S<�M!%'(+�!3/=73'Al>G^;=�%'57�V"�8P*I��%O0;�@36,\3'Al%'*-,C3'sQ%/=�>&P3J_b*-,	./*-=�*-,$%J(+�!3/=E.d%/ `(C<),C8)�@=�*S*-=�./�!=)*I IX � +;:<�U/T�;*2+�3 � / F%LS/'��/'�����ULS/ F 3�+;�OP��)Q

><:<��R�LS/'��Q��;/'8?
+�* ��� t ±6± �� � � 	 : � � ��t
6<)M!^ ± ��� ��X
¬ °�� ¯9¥eXdkSX � �P%'&)&U*-MU%'=�>oj\X �©Xd¥¡"���%/<)./��M@�!=QXlk2&)&�,+3d%/"$�R(+3F5R3G>G*IM@�!=).S"-3/=d(+�!=;<)3/<P (+<),C8)�!=)*�*-=).6�@=)*�36&P*I,C%'(+�!3/=9AB,C3/5  4(C%/,4(C<)&F(+3� 4�;<G($>G3J_`=QX � +;:<�U/T�;*$+43 
E�!+��':<* QULN+;/

�;/'8?
+�* ��� t � t)¥K%O^ ±��
� 	�X
¬ /®'¯9j\X/�n�!*-,$"$:d  X A :<�U()�B�;/T8 1:<�I3���K�� , LS0M0 LS/ F�*2LS0IH ��T* LS/'��Q X )n dAB36,C>?iG"L�!*-=P"L*�j�<)8)sM@�V"-%'(+�!3/=� It ± ��� 	)X
¬  ± ¯ :7XPh2XP�Z,C*-=P%'=QtPilX ��X � %'57&)8U*-M!M tU%'=�> �aX 0 XUj\*L(CH-3/MV>lX � :<-.���ULNK��;*�T+�* :<0MLN+�/ +43

�U/$LS0D�;LS*V��21�;* :$�W
E�!+�R�*=��-BQ LS/ & L � ���!��/10MLN��* �M�"* F � R��!��LNK ��� :$��0MLN+�/�Q X�haM! +*-0;�!*-,SiG"-�qs*-=�"-*9j�<)8)M!�V 4�)�!=). � 3�X!t ��=�"/X@t ±����� X
� ®



¬  R ¯9k9X � X �2�!=�>G5r%/,C C"$�QX	�T 43G>G*�%'=P>oMV 43G>G�utd(�_Z3F=)*-_ �!=)�@(+�V%'Ml0J%'M!<)*#3/,$>G�!=�%',C^R>)�q� *-,+s*-=d(C�!%/Ml*I§d<�%J(C�@36=? +3/M!0/*I,C IX �BA 5 'LVF�/1:<- � �9* QU*,��0M0D��� t ±1° � ± ® :U±6± t ±��� ®)X
¬ �	J¯ PX/�23/M!MV%'=�>lX �"8%���'0 LN+;/ LS/ /T�;0 :<�!�;* ��/'8 �;�U0 L � K�LN�;* Q�@)QU0D��-BQ X����)* 
2=��@06*-,$ 4�@(�^o3'A¥D�V"$�)�!.6%'=?j�,C*I C -t)kn=)=Dk2,C8P36,It ±�� � ° X
¬ 
�'¯ :7X6kSX��	*�63/=).PX �"/ ��/'�;*V@)Q�L Q +�3"0SH$� R���H$�;(9LN+;:<� +�3J�?K�*,�;Q�Q +�3EF���/'��0MLNK��%8%���'0 LS()�

QU@)QU0 ��-�Q XNj�� � (+�)*1 4�V It 
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¬  ° ¯ �FX;f#36M!>G8U*-,C.�X 0 *1%'M@s�"-3;>)*I>7./*I=)*L(C�!"n%'M!./3/,C�@(+�)5r It/0;�@,+(+<P%'M�%/M@&)�P%'8U*L(C Z%'=�>o8)M@3G"$:ds�!=).�XQ�T*I"$�)=��!"I%'M 0 *-&U3/,+(Z��*1"$�)=)�V"-%/M 0 *I&P36,4(Z=)3 � ®/®/® ± t 
n=)�!0/*-,$ +�q(�^R3'A ��M!M@�!=)3/�V b%J(


2,C8�%/=�%Js � %'57&�%/�@.6=Qt;iG*-&G(C*-5S8U*-, ± �
� ®)X
¬ 6J¯ �FXTf#3/MV>G8U*-,C.�X P���/T��0 LNK?�"* F�+��ULS0SH<-�Q.LS/  ���;�!K�H#�3� �T0MLS-?L��9�;0 LN+;/G�;/'8 5 �%K�H LS/'�

� �����U/$LS/ F X�k	>)>G�V 436= �[*I +M@*I^/t ±����� X
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¬  � ¯ �WX)¥D�V"$��%/M@*I_`�!"-H/X P���/T��0 LNK��"* F�+��ULS0SH<-�Q�� & ��0 � 10 �U:$K�0 :<�!��Q�� � ()+�* :<0 LN+;/7
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� ��X
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� ��X
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¬ � �'¯ �WX)¥D�V"$��%/M@*I_`�!"-H/X P���/T��0 LNK��"* F�+��ULS0SH<-�Q�� & ��0 � 10 �U:$K�0 :<�!��Q�� � ()+�* :<0 LN+;/7
E�!+;�

F%�!�;-BQ Xai;&),C�@=).6*-,1t ± �
� ��X
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 :7X >TH�� � �BP , +��U0M���;/ � LNR��!���U@.5 �;/1:$�;* �C5 ��� 0 ��� X
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R X

¬ � ®'¯ 
9XN��X PXNf#,
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¬ �
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� X
¬ � ®'¯ �©XafRX � 36,+=�*-M!M Xgh� ;&U*-,C�!5R*I=d(C%'M`§d<)�!*L(7*-=).6�@=�*�&),C3/.6,C%/5 s9 +<)575r%',C^e,+*I&P36,4(1X��*1"$�)=)�V"-%'M 0 *-&U3/,+(`m	k	iGk �A0 s R6°G±�� tGmnk#iGk-�Q*I_`�! It)¥K%',$"$� ± � � ° X
¬ �)± ¯9j\X 0 X �n3/M!M@3J_�%O^/tnfRX ��X :�=)�!./�d(1t � X � X :�3G"$�Qtn%/=�> ilX PX2i;��%J� *-,1X{h�=)*I,+.6^*L¢o"L�!*-=d(�*-=).6�@=�*F�)�!./�]&),C*I C 4<),C*F"-3/57&),C*I C 436,	>G*-(C%/�@M�>G*1 4�!./=¡,+*I&P36,4(1XS��*1"$�)=)�V"-%/M

0 *-&U3/,+(2mnk	i)k �A0 s ±  °6°/°� t;mnk	i)k-�Q*-_`�V It�¥K%O^ ± � ��R X
¬ ��R ¯Si;�@,C�!=)3/.6M@36<[kSX���57&)M!*-57*-=d(C%'(+�!3/=e3/Ab0J%',C�V%'8)M!*7./*-3657*L(+,C^DAB36,9.6%6 #(+<),C8)�!=)*o&U*-,+sAB3/,C57%/=�"L*6XF¥K%6 �(C*-, (  #(C�)*I +�V -t � ,$%'=)Y�*-MV> ��=� 4(+�@(+<)(+*r3'A���*1"$�)=)36M@36./^/t�iG*-&G(C*-5S8U*-,± �
��R X
¬ � 	'¯ �SXWh2XQ¥D<)�!,1t��9X��cX%� iG%/,C%O0J%'=P%'5S<)(4(+3;3PtQ%'=�>��FX%�XT¥K%',$ 4�P%'M!M X �2*1%'M@(+�e573/=)s�q(C3/,C�@=).E3/Ab0J%',C�V%'8)M!*7./*-3657*L(+,C^D.6%6 #(+<),C8)�!=)*I �AB3/,�(+��*p"-%/=�%/>G�V%'=]=�%O0;^/X ��$5 �

� +�:<�U/'��* +43 � / F%LS/'�����ULS/ F 3�+;�OP��)Q7><:<��R�LS/'��Q?�;/T8 
+�* ��� t ±6±/± � R ��� :/R/° ®�tGk2&),C�@M± ���� X
��R



¬ � �'¯ PX �FXW¥¡%J(4(C�@=�./M!^/X � *,��-.��/$0MQO+�3WF��;Q 0 :<��R�LS/T� �T�!+��T:<* QULN+;/ tZ"$��%/&G(+*I, ± ®�t\&�%'.6*I 
� 	 R
: � 	
	�X�¥K"1f#,C%O_�s �2�!M@Mut ��=�"/X@t ±��
� )X

¬ �d° ¯9k9X;id(+3G>G36M!%�X '0 ����- ��/'8 P��)QW>�:<��R�LS/T�UQ X j\*L(C*-,Zi;57�@(+�Qt;m2*I_ X�3/,C:UtdJ(C�r*I>G�@(+�!3/=*I>)�q(C�@36=Qt ± � � ° X
¬ � J¯ �©X+�SX 0 368)8)�!=� 2%'=P> PX�¦bX �	<).d%'=QXbj�,C*I>G�V"c(C�@36=�3/AW3/�Ps�>G*I +�!./=E&P*I,4AB36,+5r%/=�"L*�3'A5S<�Mq(C�! 4(C%/./*9"L3657&),+*1 + +3/,$ IX ��= �"���!+98;@;/T�;-?LNK & ��QULVF�/ +�3J� - LN�;*V� , *=+�* AC+�-��T�!�UQU�

Q�+;��Q t)&�%/./* � �d° X)mnk#iGk iGj�s 	6)t ± �  ° X
¬ � �1¯9k9X �SXJiG��%'&)�!,C3�X >TH$� & @;/'�;-?LNK�Q��/'8 >TH����U-.+ 8�@;/'�;-?LNK�Q�+43JAC+;-	�'�!��Q�Q�LNR�*,� , * :<LN8

, *,+�* XZ���)* 0 3/=�%/M!>?j�,C*I C � 3/57&�%/=d^6t ± �d° 	)X
¬ � � ¯SfRX � X )#%J(+*1 -X �	���!+�0SH$���U-.+ 8�@;/'��-BLNK�QJ+43E�"LS�!K��!��3�0 � / F�LS/T�BA2+�-��$+;/T��/10NQ Xlk.��k	kha>)<�"c($%/"c(C�@36=EiG*-,C�@*1 -t ±��� �PX
¬ ��� ¯ � X�fRX��b,+3J^G>G*I=QXgk�"LMV%/ C F3/A	57*L(C�)3G>) FAB3/,o +3/M!0;�@=).]=)3/=�M@�!=)*I%/,r 4�!5S<)M@(C%/=)*-36<� *I§d<�%'(+�!3/=� IX AC+;-	��� � +;:<�9� t ±�R t ±��  � X
¬ ± ®6®J¯ � XlfRX �b,C3J^G>G*-=QX#k =�*-_ 57*L(C�)3G>DAB36,# +3/M!0;�@=).p=)3/=)M!�!=)*I%/,# +�@5F<)M@(C%'=�*-3/<P n*1§6<P%Js(+�!3/=P -X AC+;-	��� � +�:<�9� t ±�R t ± �  � X
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��w-x �Q�Dz-���
���)*��!=)M!*L(a"L3657&P36=)*-=d(N*I§d<�%'(+�!3/=� \%',C*b<� 4*1>F(+3�"-%/M!"-<)M!%'(+*Z(+�)*2%/5S8)�!*-=d(�"L36=�>G�@(+�!3/=� \%/=�>,$%'5 &�,+*1 + +<),C*	,C*I"-3J0/*-,C^/X
� ���6��� �#= �>*1"�2 - &)0 2���*1- *�0 2�$
���)*9%/5S8)�!*-=d(2"L36=�>G�@(+�!3/=� `%/,+*�"I%'MV"L<)MV%J(C*I>�<� 4�!=).r%7 4�!57&)M!*I�4iGk 573;>)*-M�%6"-"L36,C>)�@=).S(+3P�
� � � ��� � � ������� �
�	� � ����� ���
�������������	�
� �

� � � R � � � ±1° 6[@� ° � ± ® � � � ��kSX ± �
� � � ± ® ± 	 R/° � ® �6� ± � ®�6 R � R/°6° � � ± ® � 	 �	� 	�� « 	�  ��kSX R �

� � � ��� � � ������� �
�	� ������� ���������������	�
� � ���
�����������	�
�
� � � RG± B�  ° ��kSX 	d�

� � � R
R 
	 R � ® ��� � �� 	�������  ��� ��� � �!�   � � ��� � � ��kSX �;�
k >G*-0;�V%J(+�!3/=7AB,C3/5�(+��*��4iGk  4(C%/=�>)%/,C>lt & � � ��� tG"I%'=r8U*	 +&P*1"L�@Y�*I>r>G�!,C*I"c(CM@^7%/ Z%'=r�!=)&)<G((C3F(C�)*�573G>G<)M!*/t)_`�)�V"$�E573;>)�qY�*1 b(+�)*9%/5S8)�!*-=d(`(C*-57&P*I,C%'(+<),C*�%/"I"L3/,$>G�!=).F(+3��

� � � � ��P & � � ��� ��kSX ° �
� ���6� � � 8 = ,>(/"%$'$�
.(/" (/"%&)0�� " ( �
��A�&)M!36 C r�V p +*L(p*1§6<P%'M2(C3 ± X ®)t�,$%'5 &�,+*1 + +<),C*D,+*1"L3J0/*I,+^e�V p"-3/57&)<G(C*I> %6"-"L36,C>)�@=).[(C357�!M@�@(C%/,+^p +&U*I"L�@YP"I%J(+�!3/= ° ®6® � �	t;�uX *6X@�
� � � ��� �"! ��� � � � � � � � � ������� ���	���#���
� mn3�0;�V +"-3/<� 	M@3d + +*I �%/,+*F*I 4(+�!57%'(+*1>ltl� X */X(C�)*�&),C*I C 4<),C*#,+*1"L3J0/*I,+^RA�%6"c(+36,It%$'&)(�*dtG�V 2 +*L(�(+3 ± X ®R�!=?(+�)�V �,+*I./�!57*/X
� � � ��� �+! � ��� � �!� ����� � � � ��������� ���	�������
� ���
� ������� ���
���,�-�.�

$ &)(�* � ± � ® 6�®B� ®�� ° �6� � 6 ± � ®6� �� � 	 ��kSX d�
��A�&)M!36 C ��! � +*L(�(C3E%/=;^K3'(C�)*-,�0J%'M!<)*R(+�P%'= ± X ®)tl(C�)�V �0J%'M!<)*7�! �<P 4*1>]>G�!,C*I"c(CM@^KAB3/,/$0&)(�*�!=� 4(+*I%6>E3'AW(+�)*F0J%'M!<)*�(+��%'(2(+��*S57�@M!�@(C%',C^� +&U*I"L�@YP"I%J(+�!3/=D +<)./.6*I 4(C IXb����*9%'5S8��@*I=6(#"L3/=)s>G�@(+�!3/=P 	%/=�>?(+�)*R&),C*I C 4<�,+*�,C*I"-3J0/*-,C^rA�%6"c(+36,	%/,+*S"-3/5F8)�@=�*I>?(+3?"-%/M!"-<)M!%'(+*936<G(+M!*L(� �($%'./s=�%'(+�!3/=?&),C3/&U*-,+(+�!*I It � « %/=�>�� « tGAB,+365�(+��*��@=)M!*L(2573G>G<)M!*9%/"I"L36,C>G�!=).F(+3P�

� « � � � �6� ± P HE6 ±
R � � « � ��kSX �/�

� « �*� � ��$0&)(�* �21 ± P HE6 ±
R � � «�3544 � � ��kSX � �

��=�>)*L "6p_b%6 �<� 4*1>o(C3o>G*-=�3'(+*�%/5S8)�!*-=d(2"L36=�>G�@(+�!3/=� IX

� 



��w�� � LDz-~$�T�W�2�
� ������� � 0�� " ( 2�*�2�< "�� 
�8 - *�0 2�$
����*b +&)M!�q(+(+*-,N"-3/57&P36=)*-=d(\�! T<� +*I>9(+3� 4&)M!�@(T(C�)* �P3J_e�@=d(+3	(�_b3	 4(+,C*I%'5r IX����)*b�@=�M@*-(T(C�)*-,+s573G>G^;=�%/5R�V"F&),+36&P*I,4(C�@*1 	%/,+*F&),C*I +*-,C0/*I>QtU%/=�>D(C�)* ��3J_©�! �>G�!0;�!>)*I>K�!=d(+3�(�_Z3? �(C,+*1%'5r <P 4�!=).7(+��*�8d^;&�%6 + b,$%J(C�@3Pt 	�
�� t�%6"-"L36,C>)�@=).S(+3P�

1 « � 1 
8)&), P ± ��kSX � �

1�����1;A6 1 « ��kSX ± ®6�
_`�)*I,+*�
 	�
�� � 1 «1�� ��kSX ±6± �

� �



��w@? y{�F�MLE�N�2}T}W�S�
���)*	"L3/57&),C*I C +3/,�"L3657&P36=)*-=d(a573G>G*-M!�!=).9(C*I"$�)=)�V§d<)*2<� +*I Z%9 +*L(a3/AQ*-57&)�!,+�V"-%/MG(C%/8)M@*1 N(C3.6*-=)*I,C%'(+*N"L365R&�,+*1 + +3/,l5r%'&P -X ��=�(C�)*�,C*-&U3/,+(Q3/=�_`�)�V"$��(+��*�&),C3;"-*I>G<�,+*N�V l8�%6 4*1>lt1m	k	iGkiGj�s 	6e¬ � �I¯�tN*L G&P*I,+�!57*-=d(C%/MZ>)%'(C%D36=e*-�!./�d(F5F<)M@(+�V �($%'./*�"L3/57&),C*I C +3/,$ �_Z*I,+*o"-3/M!M@*1"c(+*1>%/=�> "-3/,C,+*IM!%'(+*1>g�!= ($%'8)M!*EAB3/,C5EX ���)*D57*L(C�)3G>�%/M@M!3J_2 R&P*I,4AB36,+5r%/=�"L*E5r%'&� 73/A#=�*-_5F<)Mq(C�! 4(C%/./*-s�"-3/57&),C*I C 436,9>G*I +�@.6=� F(+3]8P*?3/8G($%'�!=)*I>�*I%6 4�!M@^[AB,C3/5 %]:d=�3J_`M@*1>G./*o3/A2(+��*>G*1 4�!./=�"L36=�>G�@(+�!3/=� �%/M@36=)*/X7���)*r 4<P"-"L*1 + #3/Aa(+���! �57*L(C�)3G>[�! � 4(+,C3/=).6M@^K>)*-&U*-=�>G*I=d(�36=(C�)*	*- ;(+*-=d(b(+3R_`�)�V"$�r(+�)*�>G*1 4�!./=p5R*-(+�)3G>G36M@36./^r%'&�&)M@�!*I>o(+3S(+�)*#=)*-_ "L3/57&),C*I C +3/,a�V �%�)*I,+�@(C%/./*	AB,+365 (C�)*�&),C*-0;�@36<� �>G*I +�!./=� ���3/=E_`�)�V"$�p(C�)*9"L36,+,C*-MV%J(C�@36=� Z%/,+*�8�%6 4*1>��cX
� ��� ���  "%$'&)(+*1,�- *�0 2 065 -/7." 06(+*�< *�2�8 : = " -/7.0 �
��_b3?"-3/=�"-*-&G($ �5S<� 4(98U*R�!=d(+,C3G>G<�"L*1>K(C3D>G*I C"L,C�@8U*R(+�)*r57*-(+�)3G>G36M@36./^ �n(C�)* �!�M3�������/TK��
�$+;LS/10 %'=�>�(C�)*S"L3657&),+*1 + +3/, R��%K�0�R�+�/'� Xb����*�,+*-AB*-,C*-=�"-*#&U3/�!=d(2�! n>G*LY�=�*I>D%/ b(C�)*9&U3/�!=d(_`�@(+��(C�)*o�)�!./�)*1 �(F*L¢o"L�!*-=�"-^]�!=�(+��*o*-=d(+�!,C*p"L365R&�,+*1 + +3/,�5r%'&QtN%/=�>](+�)*p"-3/57&),C*I C 436,8�%6"$:;8P36=)*S�V �>G*LY�=�*I>¡%6 2(C�)*RM@�!=)*7�@=d(C*-,$"L3/=�=)*I"L(+�!=).o(C�)*F5r%' ;�!5S<�5 *L¢o"L�!*-=�"-^E&P36�@=d(C %'(`%/M@M�,+3/(C%J(C�@36=�%'Ml +&P*I*I>) IX���)*�>G*I&P*I=�>G*-=P"L^r3'A�(+�)*�,C*LAB*-,C*-=P"L*n&U3/�!=d(b&�,+*1 + +<),C*n,$%J(+�!3S36=o(C�)*�8�%/"$:;8U3/=)*#"$��%',+s%6"c(+*I,+�V 4(+�V"- ��V 9"L36M@M!*I"L(+*I>[�!=�(+�),C*-*o +*L($ �3'Ab(C%/8)M!*I IX��b^¡:;=)3J_`�!=).?(+�)*r,C*LAB*I,+*I=�"L*-su&U3/�!=d(&),C*I C +<),+*�,$%J(C�@3o%/=�>E%7./�!0/*-=E,C3'($%J(+�!3/=P%'MQ +&P*I*I>lt�(+�)*98P%/"$:;8P36=)*�5r%/ C ���3J_�tG(C�)*98�%6"$:ds8U3/=)*	�! +*-=d(C,+36&)�!"2*L¢o"L�!*-=�"-^r%'=�>7(C�)*n8P%/"$:;8P36=)*2&),C*I C +<),+*n,C%'(+�!39�! Z%/"I§6<��@,C*I>78;^r 4�!57&)M!*($%'8)M!*�M@3;3/:ds�<)&� IXN���)*�(C%/8)M@*1 ` �(C3/,C*/�

�����
����� �5,�'��� 
�� ���'� � k9X ±�R �
�1 �	��1 ��� �5, « ��� 
�� ���'� � k9X ± 	d�
� ���
� ��� �5, � ��� 
�� ���'� � k9X ± �;�

_`�)*I,+*
�F� �9�9 ��� t �1 � 1; � � 
�  t �9 � 9

� � 
_`�)*I,+* ,��
 , « 
 , � ,C*-&),C*I +*-=d(	(+�)*R>)%J($%o�!=K(+��*9(+��,+*I*9(C%/8)M!*I IX�i;<)¢R G*1 n,C&¡%'=P>D8)8¡,C*-&)s,C*I +*-=d(�(+�)*�,C*LAB*I,+*I=�"L*�%'=P>�8P%/"$:;8P36=)*�"L36=�>G�@(+�!3/=� ItG,+*1 4&U*I"L(+�!0/*IM@^6X���)*2&�,+3G"L*1>G<),C*bAB3/,a>G*-(+*I,+57�!=)�@=�.�(+�)*`0J%',C�V%J(+�!3/=R3'A &),C*I C 4<�,+*�,$%J(+�!3�t/57%6 + ��3J_ %/=�>*-¢r"-�@*I=�"L^�%'M!3/=).e"-3/=� 4(C%/=6(p +&U*-*I>�M!�@=�*I o�V r8�%6 4*1>�3/=�(+�)*EAB36,+5F<)MV%J(+�!3/= 3/A	(C�)* ��3J_&�%/,C%/57*L(+*I,It �Tt�%6"-"L36,C>)�@=).F(+3P�

� � 1  � �!
�  � � �

�

_`�)*-,C* �  � �,
± ® ± 	 R6° � ® t��  � � 

R�� � ±1° t � � � «
� 

t �;� � «�� � k9X ±1° �
_`�)�V"$�e�V S C"-%'M!*I>�_`�@(+�g(+�)*o8P%/"$:;8P36=)*o0J%'M!<)*r(C3K./*-(9(+��*p,C*-MV%J(+�!0/*r0J%/M@<)* � �
	  � ���� X7�%/,+�V%J(C�@36=R�!=o*-¢r"-�@*I=�"L^7%'=P>7,+*IM!%'(+�!0/*�(+*I57&P*I,C%'(+<),C*2,C�! +*n%/ Z%#AB<)=�"L(+�!3/=o3/Al(+�)*2,C*-MV%J(C�@06*
��3J_ &�%',$%'57*-(+*-,1t � � 	  4t�%',C*	.6�@06*-=?�@=?(�_b3R(C%'8�M@*1 -tG�uX *6X\(+�)*�($%'8)M!*I n �(C3/,C*/�

� � « 6 �  �� � « 6 � -� ��� �5, � � � � 	  �� � k9X ± d�
�
����� �5,�	'� ��� 	  � � k9X ± �/�

� �



����*2*-57&)�!,+�V"-%/M�368� 4*I,+0J%'(+�!3/=R3/=r_`�)�V"$�7(+�)�V �57*-(+�)3G>G36M@36./^S�V N8�%6 4*1>7�! N(+��%'(Z8;^S.6,+36<)&Gs�!=).�(C�)*20J%',C�!%/8)M!*I N%/"I"L36,C>G�!=).	(+39kSX ±O° t k9X ± �%'=�>7kSX ± )t'(C�)*`,C*-MV%J(+�!0/*�=;<)5F8P*I,C N8U*I"-3/57*A�%/�@,CM!^r�@=�>)*-&U*-=�>G*I=d(23'A�,C3'($%J(+�!3/=P%'M  4&U*-*1>lXN���d<P b(+�)*	(�_Z3F(C%/8)M!*I b./�!0;�@=).F(+��*#3/�D8�%/"$:ds8U3/=�*F8U*-��%O0;�!3/,1t)(C3/./*-(+�)*I,	_`�@(+�¡(+�)*S(+�),C*-*F(C%/8)M!*I 	./�!0d�!=).r(C�)*R8�%/"$:;8U3/=)*S>�%J(C%�t 57%/:/*(C�)*�5r%'&D>G*-(+*-,C57�@=��@=).7&),C3G"L*1>G<),C*�"-3/57&)M!*L(C*/X
� �+��� � ��7�06( -/&)0 = *�2�< $�065 -/7." 06( *1< * 2.8 : = " -/7.0 �
k©"-M@3d 4*I,`�@=P 4&U*I"L(+�!3/=E3'AT(+�)*�36,+�!./�!=�%'M 57*L(C�)3G>?,+*I0/*I%/M@*1>p +*-06*-,$%'M _Z*1%':;=)*1 + +*I I�
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� « � ���� ± 6�� � 1 1; � � �  3 « � ��kSX 	 ± �
_`��*-,C* � �V `%7&),+*1 + +<),C*	M!36 C `"L3;*-¢r"-�@*I=d(`>)*L(+*I,+57�!=)*I>E>G<�,+�!=).R(+�)*9>)*I +�@.6=�&),C3G"L*1 + IX

± ®
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���)*�&�,+*1 + +<),C*	,$%J(C�@3R�! 2./�!0/*-=?8;^ �

�;� � � «
_`�)*I,+*	8P3/(+� �  %'=�> � « %/,+*	�@=�&)<G(�(+3S(+�)*#573;>)<)M@*6X����)*	(+<),C8)�!=)*	�!=)M!*L(�5r%/ C 6��3J_ �V �%AB<)=P"c(+�!3/=E3/AT(C�)*�(+<),C8)�!=)*�&),C*I C 4<),C*�,C%'(+�!3R%6"-"-3/,$>G�@=�.S(C3��

� � � � ��� �� � � � �

#�������$
�������%

�F��HBI� � � ± 6 ���	�� � � � �  � « 
 ��
 �	3

�F� H  � 
�� � �	3

_`�)*I,+*!
 �F��HBI�2� � H@� � 
 « � 4 ��� ���� 4 � � ��� � k9X 	 R �

_`�)*I,+* �	3b�V W(+��*2"$�)3/:;�!=).	&�,+*1 + +<),C*Z,$%J(C�@3PXT���)*`"$�)36:d�!=).�&),C*I C 4<�,+*b,C%'(+�!3	�V N%'=R�!=)&)<G(N(C3(C�)*�573;>)<)M@*�_`���!"$�D>G*I&P*I=�>) `36=�(C�)*�=;<)5S8U*-,`3/A\ 4(C%/./*1 ��@=?(+��*�(+<),C8)�!=)*/X �	3��! 2 +*L(�(C3
R X ±O° t R X 	 ± t�	)X ® ° %/=�> 	�X ° ®`AB36,W36=)*/tO(�_b3�tO(C�),C*-*`%'=�>9AB3/<),N 4(C%/./*�(C<),C8)�@=�*I It',+*1 4&U*I"L(+�!0/*IM@^6Xha§d<�%'(+�!3/=ek9X 	 R �V 9%'=�*- d(C*-=� +�!3/=�3'Ab(+�)* �$id(+3G>G36M!%DhaM@M!�!&� 4* �)t� +*-*K¬ �6° ¯uXEid(+3G>G36M!%6 36,+�!./�!=�%'MUAB36,+5F<)M!%R_�%/ I�

1  � � 
�, � "-3/=� 4( � � ± 6 1 � «�, 3 « � "L3/=P �( � � ± 6 1 ±� 3 « � k9X 	
	d�

mn3'(+*E(C��%J(p(+�)*DAB<�=�"c(C�@36= %/"c(C<�%'M!M!^��V o%'= *-M!M!�@&� +*D�!= � %/=�> � � � � �� � X£���)*]id(C3G>G3/MV%AB36,+5F<)M!%#��%6 \(+��*n>G,$%O_`8�%/"$:�(C��%J(N(C�)*n +�@=).6M@*2"-3/=� 4(C%/=d(a"-%'=R=)3/(a8P*2%6>G3/&)(+*I>F(C3S +%'(+�V �AB^%?H-*I,+3E5r%/ C ��3J_{%J( � � ± %/ �_b*-M!Ma%/ �%E"-3/=d(+�!=;<)3/<� �>)*-,C�@0J%J(C�@06*r%'=�>](+��*o"$�)3/:;�!=).5r%/ C ���3J_©%'( �$� �	3/X������! 	"-%'=E8U*F%6"$�)�@*I0/*1>�8;^��@=d(+,C3G>G<�"-�@=).�%rM@�!=)*1%',`(C*-,C5 %/=�>D%AB,C*-*�"L36=� 4(C%'=d(`�!=6(C3R(+�)*Sid(C3G>G3/MV%7*L G&),C*I C 4�!3/=?%/"I"L3/,$>G�!=).9(C3��

1  � � 
�  ���  � � « P � �

� P � �
� « � k9X 	��;�

k2&�&)M@^;�!=).o(C�)*9,C*I§d<)�!,+*I57*-=d(C `.6�@06*-=K%/8P3J06*�(+3¡� k9X 	��d�`^d�!*-MV>) F��k9X 	 R �cX ��(	"I%'=D*1%/ 4s�!M@^?8U*90/*I,+�@Y�*I>�(C��%J(	(+�)*�AB<�=�"c(C�@36=K./�!0/*1 �,+*1%/ +3/=�%/8)M@*�&)�;^G +�!"I%'MQ8U*-��%O0;�!3/,2�!=E(+��* �4*I=�>
&U3/�!=d(C �)X h�0J%'M!<�%J(C�@=�.�� k9X 	 R �F�!= � � ± � ®]^;�@*IM!>) � � � � �� � � ®�X�¦�3/, � � �	3JtZ(+��*
"-3/,C,+*1"c(+*1>r5r%/ C 3��3J_ (C%/:/*1 a(C�)*�"$�)3/:;�!=).S0J%/M@<)*6t � � � � �� � � � � � � ���� � � 3 tG_`���!"$�?57*I%'=P 
(C��%J(	(+�)*R5r%/ C ��3J_©"L<�,+06*9�! #"L36=d(+�!=d<�3/<� n�@=¡(+�)*F�@=d(+*I,C +*I"L(+�!3/=D8U*L(�_b*-*I=¡"$�)3/:6*I>D%/=�><)=P"$�)3/:6*I>r"L36=�>G�@(+�!3/=� IX\¦)<),+(+�)*I,+5736,+*6t/(C�)*	>G*I,+�!0J%J(C�@06*23'Al(C�)*2AB<)=P"c(+�!3/=? 4��3J_2 �%9&)�;^G 4s�V"-%/Ml8P*I��%O0;�@36,�%6 �_Z*IM@Mu�

� � � � � � �� � �
� � �

�	3 � � �� 6 ± � � � � � � �� � � 3
� « � � 3 6 ± � «

� ± 6 ��� �� � � � �  � «
� k9X 	 ° �

± ®��



��=?(C�)*�*-=�>)&P36�@=d(C 2_Z*�./*-(I�
� � � � � � �� � �

� � � �C� � 3 �2� ®
� � � � � ���� � �

� � � �C� ± � ®6��� P��
_`���!"$�D�V `,C*I%/ +3/=P%'8)M!*/X6��=K%7,C*I%/M (+<),C8)�!=)*/tP(+��*9>G*-,C�@0J%'(+�!0/*�3'A\(C�)*95r%/ C ��3J_£�@=��=� ±_b3/<�M!>?3'A\"L36<),C +*�8P*�M!*I C b(+�P%'= P�� 8)<G(n 4(+�!M@MQA�%'�!,+M!^oMV%',C./*/X
� � ��� � � 
.( � *�2." "�� & *1"%2>& �
)n�Us�>G*I +�@.6=7(+<),C8)�!=)*n*-¢o"L�!*-=�"-^R�V a"-3/57&)<G(C*I>r<P 4�!=).9(C�)*n*- G&),+*1 + +�!3/=r 4<�././*1 �(C*I>7�!=¡¬ � O¯��

� � � � � � ��� ± 6 ��� �� � �� �� � � � � � 6 ±	��
�
« ��
� ��kSX 	66�

k� +�!5R&�M@* 0 *I^d=�3/MV>) �=;<)5S8U*-,9"-3/,C,+*1"c(+�!3/=]�! � +<)8� +*I§d<)*I=d(+M!^K%'&)&)M!�!*I>](+3 �!�o%6"-"L36,C>)�@=).(C3��
� � ± 6 ± 6 �!��
� ��kSX 	'�'�

_`��*-,C*/� �
� �

� �� « ��kSX 	 � �
h�¢o"L�!*-=�"-^7"-3/,C,+*1"c(C�@36=� �,C*I +<)M@(+�!=).9AB,C3/5�ha§d<�%'(+�!3/=okSX 	'�#(+�P%J(`%',C*2M!%/,+.6*-,a(+��%/= ± ��%/,+*06*-,C^o,$%',C*/X
� � ����� � 0�0 :�* 2.< $�& 7."%= "
¦W�!./<),C*	kSX R �@M!M!<� �(C,C%'(+*1 �(C�)*	"-3d36M@�!=).I�P3J_ %',C,C%/=)./*I5R*I=d(�<� 4*1>r�!=o(+��*2(+<�,+8)�!=)*	5R3G>G<�M@*6X����*�*-=d(+��%/M@&;^o8U*LAB36,+*#(C�)*�,+3/(+36,ItB)  � � t)�! `"-3/57&)<G(C*I>?<� +�@=�.��

)  � � � )  1  P ) � �/1 � � � P 1 � �  � � �1;6P 1�� � �;P 1�� �  � �
_`��*-,C* )��It 1�� � �1t 1 � � ��%/=�>-1�� �  � �b%',C*Z(C�)*b(+�)*`*I=d(+��%/M@&;^�3'AP(+�)*2"-3;3/M!�@=).>��3J_�tJ(C�)*�&�%',+(3/AQ(+��*#"-3d36M@�!=). ��3J_ "L3;3/M!�!=).�(+��*# 4(C%'(+3/,1t6(+�)*#&�%',+(`"L3;3/M!�@=�.�(+�)*#,C3'(+36,Z%/=�>r(C�)*	&P%',+(Z3'A(C�)*SM!*I%/:J%'./*F"L3;3/M!�@=�. ��3J_ *-=d(+*I,+�!=).o8U*LAB36,+*�(C�)*S,C3'(C3/,1t),C*I +&P*1"c(+�!0/*IM@^6X2k2=K�@(+*I,C%'(+�!3/=D�V "I%',C,+�!*I>736<G(a(C39Y�=P>r(+��*	*I=6(C��%'M!&;^R>),+36&o3J0/*I,N(+�)*	(+<�,+8)�!=)*6t & )�XN¦)3/,b%9.6�@06*-= & )�t/(C�)**-¢o"L�!*-=�"-^p�V �3/8G($%'�!=)*I>�<� +�@=).7*1§6<P%J(+�!3/=Ek9X 	/�X�¦)36,�(+�)�V �*L¢o"L�!*-=P"L^/t)(+�)*�(C<),+8��@=)*�,C3'(C3/,*- G�q(`(C*-57&P*I,C%'(+<),C*/t

� « � � t��! �368G(C%/�@=)*1>E%/"-"-3/,$>G�!=).9(C3

� « � � 6 �
 � � �

�
 � ��� 1 ± 6 ±

� 4 � �
4

3 ��kSX 	 � �
_`��*-,C*(H��V a(+�)*�%',C�q(C�)57*L(C�!"`57*1%'=o3/Al(+�)*�HW�  a368G(C%/�@=�*I>o%'(�(+�)*	(�_b3�(+*I5R&U*-,$%J(C<),C*I 

� « � �%/=�>
�
 � �'X & )D�! �(C�)*-=�� & ) � )  � � 68) « � � ��kSX �d®6�

± ® °
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Stator

mcs
mcr

Rotor

mclarmclbr

m1 m2

¦W�!./<),C*�k9X R � � 3;3/M!�@=�. �P3J_ %',C,$%'=).6*-57*-=d(

_`�)*I,+*() « � � �V \3/8G($%'�!=)*I>SAB,+365 %#.6%6 �($%'8)M!*�<� +�@=).
� « � � %/ \�!=)&)<G(1X\����*b�@(+*I,C%'(+�!3/=F&),+3G"-*I C �V b(+*I,+57�!=�%J(C*I>?_`�)*-=

6��
	6� � « � �A6 � « � � � � �
	�� � ��� �
� « � � � � �
	�� � ��� � � �� � k9X � ± �

���)*�(C<),C8)�@=�*#&U3J_b*-,1t � � t)�V `3/8)(C%'�!=)*1>oAB,C3/5E�
� � � & )9��1  P 1 � � � P 1 � �  � � �

%/=�>o(C�)*�(+<�,+8)�!=)*�(C3/,$§6<�*/t � � tGAB,C3/5E�
� � �

� �
R �I9

���)*�*- G��%'<� 4(�(+*I5R&U*-,$%J(C<),C*/t
� « t��! bAB36<)=�>�AB,+365 (C�)*�3/<G(CM@*-(`*-=d(+��%/M@&;^6t ) « tG./�!0/*I=�8;^ �

) « �
) « � � ��1  P 1 � � � P 1 � �  � � �%P ) � �/1 � �  � � P 1 � � � �1  P 1�� � k9X � R �

_`�)*I,+* 1 � �  � � �! W(C�)*`M!*I%':J%/./*�"L3;3/M!�@=�.���3J_ *-=d(+*I,+�!=).�%JAª(C*-,\(+��*`,+3/(+3/,1X����)*��!=)&)<G(a +&U*I"cs�@YP"-%'(+�!3/=o3/AQ(+��*�"-3;3/M!�@=). ��3J_ >G�V �(C,+�!8)<G(C�@36=p�V �>G3/=)*	8;^r<� 4�!=).F(+�),C*-*	=)3/=)s�>G�!57*-=� +�!3/=�%/M=;<)5F8P*I,C It��>�
�� « %/=�>�� � t�>G*-Y�=)*I>E%6 -�

�  � 1 � � �1 � � k9X ��	d�
� « �

1 � � �1 � � k9X �
�;�
� � �

1�� �  � �1��26 �/1�� � � P 1�� � �-� � k9X � ° �

± ®/
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����*¡<)=)�@Y�*I,?"-3/57&P36=)*-=d(?*I§d<�%J(C�@36=� p%/,+*¡<� 4*1> (+3 573;>)*-M	(+�)*]5R�@ G�@=�.�3'A�(�_b3 ��3J_ 4(+,C*I%/5r -tG_`�)�V"$�E�! ��!M!M@<� 4(+,$%J(C*I>��@=D¦W�!./<),C*�k9X 	)X

m2,p2,t2

m1,t1,p1

m3,t3,p3

¦T�!./<�,+*�k9X 	)��¥K�q G�!=).r3'AT(�_Z3 ��3J_£ �(C,+*1%'5r 

� � �3��� � 0�� " ( 2�*�2�< "�� 
�8 - *�0 2�$
����*#¥K%6"$�o=;<)5S8U*-,$ Z3'Al(+��*���3J_2 Z%',C*n,C*-MV%J(C*I>7(C39(+��*	5r%/ C �P3J_ %'=�>7(C�)*	(+�)*I,+573G>G^ds=P%'57�!"S&),C3/&U*-,+(+�!*I `3/AN(+�)*F.6%/ `(+�),C3/<).6�E(+�)* ± s � "-3/57&),C*I C 4�!8)M!*9"L3/=d(C�@=;<)�@(�^�*1§d<�%J(C�@36=Qt�uX */X!�

1  � �  � 
� � �  "  �  � � H �  1 ± P H@A6 ±

R � « 3 � 4 � � ���� 4 � � � �
� � /� � �
 H@L� ��kSX �d6�

1 « � � « � «
� � � « " « � « � � H � « 1 ± P H « 6 ±R � «« 3

� 4 � � ���� 4 � � � �
� � « � � « 
 H « � ��kSX � �'�

1 � � � � � �
� � � � " � � � � � H � � 1 ± P H � 6 ±

R � «� 3 � 4 � � ���� 4 � � � �
� � � � � � 
 H � � ��kSX � � �

����* � �F0O%/M@<�*I #%',C*9<� +*I>E(C3�"L36,+,C*I"L(`AB3/,	8P36<)=�>)%/,+^EMV%O^/*-,n8)M@3G"$:J%'.6*�3'AN(C�)* �P3J_�X � �0J%/M@<)*1 `%',C*	*I�q(C�)*-,`.6�@06*-=?%/ b�@=�&)<G(n>)%'(C%S(+3R(+�)*�573G>G<)M!*�3/,�3/8)(C%'�!=)*1>rAB,C3/5�($%'8)<)MV%J(C*I>>�%J(C%�XT�T3�Y�=�>#(C�)*a¥K%6"$�#=;<)5F8P*I,�%JAª(C*-,T5R�@ G�@=�.�tI(+�)*NAB36M@M!3J_`�!=).bAB<)=�"c(C�@36=9�V l�@=d(C,+3G>G<�"-*I>�  4*I*o¬ � �I¯B�c� �
� � � "� 
 � ������	�
������������
�	�

P;H � � "� «� 
	� ���� �	������
�	�
��kSX � � �

k 57365R*I=d(+<)5�8�%'MV%'=�"-*�^d�!*-MV>) I� �
« �

�
 P

�
� ��kSX ° ®6�

��=d(C,+3G>G<�"-�@=�.7kSX � � �@=d(+3okSX ° ®R^d�!*-MV>) I�
� « � � " « P H � « � ��" « � «« � �� � �	" 6P H �� � ��" �� « P1� � � ��" � P8HI� � � �	" � � «����
� « � �	" «�� ± P H � ««�� �*�, � ��"  � ± P H � « � P1� � � �	" � � ± P H � «� � ��kSX °)± �

����*p �($%J(C�!"r&�,+*1 + +<),C*R�V 9,C*-MV%J(C*I>](+3K(+�)*r(C3'($%'Ma&�,+*1 + +<),C*7%6"-"-3/,$>G�@=�.�(C3D(+��*rAB3/M!M@3J_`�!=).,C*-MV%J(C�@36=� +�)�@&��
�
� � � 1 ± P H 6 ±

R � « 3 44 � � ��kSX °�R �
± ®��



��=d(+,C3G>G<�"-�@=).rkSX �d)t)k9X �'�F%/=�>�kSX � � �@=d(+3okSX °)± ^d�!*-MV>) I�
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 H � � � k9X /d�

�T3RY�=�>�(+�)*�¥K%6"$��=;<)5F8P*I,2%JAª(C*-,`�)*1%J(+�!=).R(+��*	AB36M@M!3J_`�!=).RAB<)=�"c(C�@36=E�! ��!=d(+,C3;>)<�"L*1>oAB36,(C�)*�AB3/,$"L*6� �
� � � "� 
	� ������	����� ��� �� ���	�

P;H � � "� «� 
	� �� � �	�  �����	�
� k9X ��/�

k 573/57*I=6(C<)5¤8P%'MV%'=�"-*	^;�!*-MV>) -� �
� �

�
« � k9X  � �

��=d(+,C3G>G<�"-�@=).rkSX '�9�!=d(+3rk9X  � ^;�!*-MV>) 9� " � ��" « �L�
� � � P8HI� � � � «� � � � « P8HI� � « � «« � k9X  � �

���
±6±�R
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1 � � � � � �
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