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I?)f·�0T2zB6,/.|Bm*=2aB % 2an323032z{�B+IJI?nJ*=�	nJ*�.10 % µVB+{®0P¶#0®./·�0�03*z.lAa0Hrt)�2�u=IJ0H{�)+*a*=03{�.1) % B+*=2�.lA=0
µ¤ua*-{�.ln?)+*-BmI�r�)�2�uaI?03,8.l)¥¶-0 u-,C0T2»7	9:Aan~,8rPB+2�0 .lAa0¢B+2a2�nJ.ln?)+*e)+µ�*a0�· r�)�2�uaI?03,8s-B % �
.1n?{�uaI?B % I?q6,Cn?r�saI?0+7 9R)¢B@2a2!B�*a03· µ¤ua*={®.ln?)+*=B+I�rt)�2�u=IJ0d.l)�.lAa0P,lq�,/.10�r}>�.lAa0tu=,l0 % A=B@,
.1) '
	 ��2a2�B&u=,l0:,C.1Bm.l03rt03*�.�n?*t.lAa0�{�)+*a*a0T{�.1) % r�)42auaIJ0 % 0®µ¤0 % 03*={®n?*a��.lAa0�*=0�·¨r�)�2�uaI?0+7
	 ��2a2	BP,C.1B+*=2aB % 2�n62�0T2}{�BmI?I?nJ*a�Pn?*�.l0 % µVB@{®0
n?*}.lAa0 {�)+*a*=03{�.1) % r�)�2�uaI?0 % 0®µ¤0 % 0�*-{®n?*a�
.lAa0
*a03· r�)�2�uaI?0+7

	 ik*={ % 03B@,C0!.lAa0�nJ*�.10��+0 % s=B % B+r�0®.l0 % 2�0 �=*an?*a�c.lAa0�*4uar ¶#0 % )mµ8r�)�2�uaI?03,¢n?*F.lA=0
{®)+*=*a03{®.l) % r�)�2�uaI?0
¶4q )+*=0+7

� � % BmsaA=n?{3BmI»2�03,1{ % n?s�.ln?)+*�)mµRB�,lua¶=,l0®.:)mµ�.1Aa0;ÀfB % n?B+¶aIJ0T,�s % 0T,C03*@.:n?*H.1Aa08,/.|Bm*=2=B % 24�
n62�0T2Wn?*@.10 % µVB+{�0Hn~,d,lAa)f·�*Wn?*cwxn?�+u % 0}�a7 �a7�9:A=0�r�)�2�uaI?0�n?*�.l0 % µVB@{®0�{�)+*�.1B+nJ*-,dB!*�u=rd�
¶#0 % )+µRB+2a2an .1nJ)@*=BmI»ÀfB % n~Bm¶aI?03,�0�*=B+¶aI?nJ*a�t. % B+*=,/µ¤0 % )mµ�ÀfB % n~Bm¶aI?0�*-Bmr�03,3>�r�)42auaIJ0;n?*�.l0 % *=B+I% 03,ln?2au=BmI~,�>�I?)+�+n~{�B+I-{�)+*�. % )+I 
-Bm��,�>4Bm*H0 %1% ) % .l)@IJ0 % B+*={®0�µ¤) % r�)42auaIJ0&n?*@.10 % *=BmI#nJ.l0 % Bf.1nJ)@*=,3>
ÀfB % n~Bm¶aI?03,:u=,l032Hµ¤) % . % Bm*=,lnJ03*�.�,ln?r uaI~Bf.1nJ)@*=,�>�0�.1{+7�9:Aa0
n?*asau�.�B+*=2¢)+u�.1sau�.�,ln?�+*=B+I?,3>a,C030
wxn?�+u % 0}�a7 �a>�B % 0Hu-,C0T2W.1)�{�)+*a*a0T{�.t.lAa0}r�)�2�uaI?03,�·�Aa03*¨03*a�+n?*a0¢rt)�2�03I?,PB % 0¢B+,1,C03rt�
¶aI?032j7 9:Aa0 % 03B+I�Bm*=2cnJ*�.10��+0 % s=B % Bmr�0®.10 % ,dB % 0¢u=,l032¨.l)e,ls-0T{®nJµ¤qW.lA=0}2a03,lnJ�@*c)+µ�.lA=0
{�)+r�s-)@*a0�*�.|,�7 . u % nJ*a��. % Bm*-,Cn?0�*�.&B+*=2	)�9-�k2�0T,Cn?�+*!,ln?r uaI~Bf.1nJ)@*=,�>�.1Aa0 % 0TBmI�Bm*=2!nJ*�.l03�+0 %
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wxn?�+u % 0��a7 � 'd� ,lua¶=,l0®.d)mµ�ÀfB % n?B+¶aIJ0T,
u=,l032zn?*z.lAa0¢,/.|Bm*=2=B % 2�n323032¥µ¤ua*={®.ln?)+*=B+I�r�)�2�uaI?0
n?*�.l0 % µVB@{®0+7

s-B % Bmr�0®.10 % , B % 0 � 4�032»>�¶au�.¢,l)+r�06)+µ
.lAa0 % 03B+I�s=B % B+r�0®.l0 % ,PB % 0!u=,C0T2 B+,PnJ.l0 % Bm.ln?)+*
ÀfB % n~Bm¶aI?03,�2au % n?*a�P2�0T,Cn?�+*j7

0 ��� � �;8�	���" 	 �'	�",� ���

� ��� ��� � 

����� �'��� 

9:A=0�¶=B@,Cn~{pn~2�03B�µ¤) % {�B %1% q�n?*a��)@u�.Rn?*4À+0 % ,l0p2�03,lnJ�@*
n?,�.l)�u=,l0p.lA=0�) 9#�k2�03,lnJ�@*8BmI?�+) % nJ.lAar )mµ
.1Aa0:0�*a�@nJ*=0�{®)@r�s-)@*a0�*�.�0 7�u=Bf.1nJ)@*=,»µ¤) % .lAa0:2�03,ln?�+*8s % )�{®0T,l,37R9:Aan~,Rrt0TBm*=,R.1A=Bf.�,C)@r�0�)mµ
.1Aa0;s=B % Bmr�0�.l0 % ,pu-,C0T2�.l)�2�0 �-*a0�.1Aa0;2�03,lnJ�@*Hs#)+n?*�.�n?* . % B@2�n .1nJ)@*=BmI#�@B@,�.1u % ¶=nJ*a0;2�0T,Cn?�+*
{�)�2�03,�rPB(q¢*=)m.�¶#0�B(À(B+nJI~Bm¶=IJ0 B@,�n?*asaua.�.1) .lA=0dr�)�2�0�Iº7;E�)f·�0�À+0 % >=.lAa0T,C0ts=B % B+rt0�.l0 % ,
{3Bm*c¶-0}{®)@rts=u�.l0T2¨B+,t{®)@r�s-)@*a0�*�.d)@u�.ls=u�.1,�Bm*-2e¶-0},ls-0T{®n��=032¨¶�qzµ¤) % r�n?*a�!r�)�2�uaI?0
0 44.l0 % *=B+I % 0T,Cn~2�u=B+I?,37dw=) % nJ*-,/.|Bm*={�0+>�B+I .1Aa)+ua�@A	.1Aa0tµ¤ua0�I 
-)f·�n?,;u-,C0T2¥B@,&B+*¥n?*asaua.
.l)
.1Aa0 ¶au % *a0 % r�)�2�uaI?0PnJ*z.1Aa0P) 9#�¦2a03,lnJ�@*¥µ¤) % rduaI~Bf.ln?)+*�>j.lA=0P¶au % *a0 % 0 4�n .
.10�r�s-0 % Bm.lu % 0
n~,�,C.ln?IJIRB(À(B+nJI~Bm¶=IJ0
B+,�B+*�)@u�.ls=u�.�µ % )@r�.1Aa0
r�)42auaIJ0@7p9:A4u=,�>=n .�{3Bm*}¶-08{�)+r�s=B % 0T2 ·�nJ.lA
B+*H)@u�.lsaua.:,ls-0T{®n��-{�Bm.ln?)+* �@nJÀ@0�* n?*�B+* n?*asau�. �=I?0�.1)8µ¤) % r�B 2a03,lnJ�@* % 0T,Cn~2�u=B+IY7�9R) Á 030�s
.1Aa0 *4uard¶-0 % )mµ�nJ.l0 % Bm.ln?)+*}ÀfB % n?B+¶aIJ0T,�Bm*-2 % 03,ln~2�u=BmI~,�087@u-BmIº>a.lA=0 ,lB+r�0
*�u=r ¶#0 % )+µ % 0TBmI
2a03,lnJ�@*Ws=B % Bmr�0�.l0 % ,
rdu=,/.t¶-0�nJ*�. % )�2�u={�032WB@,8nJ.l0 % Bm.ln?)+*eÀfB % n?B+¶aI?03,376ik*e.lAa0�054aBmr�saI?0
B+¶-)fÀ@0+>4.1Aa0;µ¤ua0�I 
=)f· ·�)+uaI~2H.lAa03*¢¶#0
u=,l032}B+,�B+*�nJ.l0 % Bm.ln?)+*¢ÀfB % n?B+¶aIJ0@7
� ��� ��� � ��� ������� � � #-���]
<#6� 
z*�*��}�	

�}�
9:A=0
s % n?*={�nJs=B+I % 087�uan % 0�r�03*@.|,�µ¤) % .1Aa0
nJr�saI?0�r�03*@.|Bf.1nJ)@*�)+µR.1Aa082�03,ln?�+*¢rt0�.lAa)�2¢·�0 % 0�'
�+7�9:Aa0!2a03,lnJ�@*D,lAa)@uaI?2D¶#0!,ls-0T{®n��=032Du-,Cn?*a�z./q4san~{�BmI�2�03,lnJ�@* s=B % Bmr�0�.l0 % , % 03B+2anJI?q
)+¶a.1Bmn?*=B+¶aIJ0
Bm.�.1Aa082�0T,Cn?�+*},/.|Bm�@0+7

��7�9:A % 0�0pI?0�À@0�I~,j)+µ=2�03,lnJ�@* �-2�03IJnJ./q;·�nJI?I@¶#0�n?*={�IJu=2a032 'js % 03IJn?r�nJ*=B % q;2�0T,Cn?�+*j>f2�0�.1B+nJI?032
s % 0�I?nJr�n?*=B % qH2�0T,Cn?�+*}Bm*-2 �=*=0®�º.lua*a0T2}2�03,lnJ�@*j7

�a7�9:Aa0
u=,l0 % ,lAa)@uaI?2�)+*=IJq�A=B(À+0�.l) ,luasasaI?q ÀfBmI?ua0T,:µ¤) % .1Aa0
s=B % Bmr�0�.l0 % ,:,Cs#03{�n µ¤q4n?*a�
.lA=082�03,lnJ�@*j7
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9R)zµ¤uaI��=IJI�.lAa0 % 0 7�uan % 0�r�0�*�.1,PB+¶-)fÀ@0+>�./·�)e2�n39#0 % 03*�.�BmI?�+) % nJ.lAarP,dµ¤) % ,Cq�,C.l0�r 2�03,ln?�+*
·�0 % 0;nJr�saI?0�r�0�*�.1032 '
	 . n % 0T{�.�2�0T,Cn?�+*
	 ´�)+¶au-,/.�2�0T,Cn?�+*

�¢S¤�f�4�mQP�¢��gTSV`#[
9:Aa0¥2�n % 03{®.�2�0T,Cn?�+* r�0®.1Aa)�2 n?rts=IJ03rt03*�.1,H.lAa0	¶-B+,ln?{6n~2�0TBzµ¤) % nJ*4À+0 % ,l062�03,ln?�+* n?* B
,C. % Bmn?�+A�.Cµ¤) % ·:B % 26µVB@,CA=nJ)@*j7!9:Aa0�n .10 % Bf.ln?)+*zr�0®.1Aa)�2�)+I?)+�@q¥n~,
.1Aa0�,1Bmr�0HB@,
.1A=Bf.tu=,C0T2
µ¤) % ,l)+I?À4nJ*a�c) 9#�¦2a03,lnJ�@*F,Cq�,C.l0�rP,3>�·�nJ.lA .lAa0�) 9#�¦2a03,lnJ�@*F0 7�u=Bm.ln?)+*=,¢{®)@rts=IJ0�.l032 ·�n .1A
.1Aa0�2�0T,Cn?�+*e087�u=Bf.1nJ)@*=,�7¥9:Aa0H*4uard¶-0 % )+µ�2a03,lnJ�@*W0 7�u=Bm.ln?)+*=,dB % 0 u=,lu=BmI?IJqzBm¶#)+ua. .lA=0
,1Bmr�0
) % uas6.l) ./·�)�.1nJr�03,�.lAa0 *�u=r ¶#0 % )+µ�.lAa08)�9-�k2�0T,Cn?�+*6087@u-Bf.ln?)+*-,�>=2a0�s#0�*=2�n?*a� )@*
·�Aa0�.lAa0 % µ¤03Bm.lu % 03,�µ¤) % � ,ls-0T{®nJµ¤q�n?*a��) 9#�k2�03,lnJ�@*�nJ.l0 % Bm.ln?)+*¢ÀfB % n?B+¶aIJ0T, �dBm*=2 � )+s�.1nJr�n62�n?*a�
.1Aa0�2�0T,Cn?�+* µ¤) % r uaI~Bf.1nJ)@*	�
B % 0�u=,l032	½Y,C030�,l03{®.ln?)+*=,�¶-03IJ)f·�¿®7 � 030�sPn?* r�nJ*-2P.lA-Bf.�. % B@2�nJ�
.1nJ)@*=BmI-�@B+,�.lu % ¶an?*a0�2�0T,Cn?�+*�.1)4)+I~,�*a) % rPBmI?IJq�{�B %l% q8)@u�.�2�0T,Cn?�+*P·�nJ.lA=)+u�.�B+*4qd087@u-Bf.ln?)+*-,
·�A=Bm.1,l)40�À+0 % 7

9R)&,lu={�{�0�0T2»>(.lAa0�B+IJ�@) % n .1Aar¹�+0�*=0 % BmI?IJq % 087�uan % 03,x,C.1B % .ln?*a��03,C.ln?r�Bm.l0T,�µ¤) % .1Aa0�2�03,ln?�+*
B+*=28)�9-�k2�03,ln?�+*8nJ.l0 % Bm.ln?)+*8ÀfB % n~Bm¶aI?03,�.lA=Bm.�B % 0�µVBmn % I?q
{®I?)@,l0�.1)�.1Aa0�,C)@IJu�.1nJ)@*j7�i¦.�A=B@,R¶#0�03*
µ¤)@ua*=2P.1)d¶#0
7@u=n .10&2�n � {®uaIJ.:.l)t)+¶�.|Bmn?*H,lu={|AH0T,/.1nJrPBf.103,3> % 087@u=n % nJ*=� 054�s#0 % . Á *a)f·�I?032a�+0
)@*8.lA=0�r�)�2�0�I~,xnJ*-{®I?u=2�032dn?* $ ��oa9�°»��¼87f��À+0�* ·�n .1A .1Aa03,l0�, Á nJI?I~,�>(.1Aa0:·�) %lÁ n?,R.1032�n?)+u=,
B+*=2F0 %l% ) % s % )@*a0+7�9:A=0z2an % 03{®.}2�0T,Cn?�+* rt0�.lAa)�2 ·�)@uaI~2Fs % )+¶=B+¶aI?q ¶#0zÀ+0 % qDu=,l0®µ¤uaI
µ¤) % 2�0T,Cn?�+* s % )@¶aI?0�rP,�2a03,1{ % nJ¶#032 ¶4qDI?nJ*a0TB % ,Cq�,C.l03r�,3>�·�nJ.lA {®)+r�s#)+*a03*�.�rPBms=,�*a)+.% 03,C. % n?{®.l0T2 .1)�{�0 % .1B+nJ*¢ÀfB % n?B+¶aIJ0 % Bm*a�@03,37

9:Aa0�Aan?�+A=03,C.pIJ03À+0�I�)+µ#2�0T,Cn?�+* �-2a0�I?n ./q8n~,�u=,l032dµ¤) % .lAa0�2�n % 03{�.�r�0®.1Aa)�2»7�9:Aan~,�r�03Bm*-,
.1A=Bf.�B+IJI % 0TBmIjBm*-2}nJ*�.l03�+0 % 2�03,lnJ�@*}s=B % Bmr�0®.10 % ,:r u=,C.�¶#0 ,ls-0T{®n��=032¢¶4qH.1Aa08u=,l0 % .1) ¶#0
B+¶aIJ08.l) % ua*}.1Aa0 s % )�{®0T2�u % 0+7�9R) r�)42a0�I�BPr�n:4�032��¦,C. % 03B+r�.lu % ¶#)mµVB+*j>#B+¶-)@u�.d� �	� % 03B+I
s=B % B+r�0®.l0 % ,:B+*=2!�(­dnJ*�.l03�+0 % s=B % Bmr�0®.10 % ,�·�)+u=I?2¢A=B(À@0�.1)t¶#08,l0®.37

��Z=« ª g3Q��R�4gTSV`#[
9:Aa0 % )@¶au=,C.�2�03,ln?�+*Pr�0®.1Aa)�2Pn?,�u=,l032t.l)dBmu�.1)+rPBf.1n?{3BmI?IJq��=*=2��@)�)�2P,C.1B % .1nJ*a� 03,C.ln?r�Bm.l0T,
µ¤) % .1Aa0
,Cn?r u=I .|Bm*a03)+u=,:2�0T,Cn?�+*¢Bm*=2H) 9#�¦2�0T,Cn?�+*�0 7�u=Bm.ln?)+*=,37�9:A�u-,�>�.lA=0&r�0�.lAa)�2}{�B+*H¶#0
s#0 % {®03nJÀ@032�B+,8B}s % 0�s % )�{®0T,l,ln?*a�¢B+IJ�@) % n .1Aar�.1)}.lAa0H2an % 03{®. 2�03,lnJ�@*zrt0�.lAa)�2z2�0T,l{ % n?¶-0T2
B+¶-)fÀ@0+7

9:Aa0�¶=B@,Cn~{:n~2�03B&n?*�.lAa0 % )+¶au-,/.p2�0T,Cn?�+*PBmI?�+) % nJ.lA=r n?,�.1)82�)
)+*=0:,l·�0�0�st.1A % )@ua�+Ad.lA=0
03*a�+n?*a0+>�2�u % n?*a�H·�Aan~{|A6.1Aa0 )�9-�k2�03,ln?�+*	Bm*-2	2�03,ln?�+*	nJ.l0 % Bm.ln?)+*6ÀfB % n?B+¶aI?03,�B % 0dB+2(�/u=,C.l0T2
.1)Hr�nJ*=nJr�n62�08.1Aa0 % 03,ln~2�u=BmI~,�n?*6.1Aa0d087�u=Bf.1nJ)@*	,Cq�,C.l0�r}7�w=) % .lAa0 � % ,/.&rt)�2�u=IJ0T,�n?*6.lA=0
0 440T{®u�.1nJ)@*6) % 2�0 % .lAa0 % 0 n?,�*a)m.&B � % 03Bm.�2�03B+IR)+µp{®)+*-,/. % B+nJ*an?*a�Pn?*�µ¤) % rPBf.1nJ)@*	B(À(B+nJI~Bm¶=IJ0@>
¶#03{3Bmu=,l0 r�)@,C.�)+µ�.lAa0d) 9#�¦2a03,lnJ�@* % 0T,Cn~2�u=B+I?,�B % 0
µ¤) % r�0326¶4q6{®)@r�s=B % nJ*=�P./·�)H)+u�.1sau�.1,
µ % )+r 2�n39#0 % 03*@.�r�)42auaIJ0T,�7�w=) % nJ*=,C.1B+*={®0@>@nJµ�B {�)+r�s % 03,1,C) % r�)42auaIJ0�n?,�¶#0�n?*a� 0 440T{®u�.1032»>
*a)!s-)f·�0 % ¶=B+I?B+*={®0H0 %1% ) % {�Bm*z¶#0Hn?*�. % )42au={®0T2�,ln?*={®0P.1Aa0P.1u % ¶=nJ*a0�A=B+,8*a)m. q@0®. ¶#0�03*
0 440T{®u�.1032»7 � *8.1Aa0�)+.lAa0 % A-Bm*=2»>f·�A=0�*8.1Aa0�.lu % ¶an?*a0�n~,x054�03{�u�.l0T2»>(.lA=0�s#)f·�0 % ¶=B+I?B+*={®0�n?,
,l0®.T>�B@,�B % 0�)m.1Aa0 % ) 9#�¦2a03,lnJ�@* % 0T,Cn~2�u=B+I?,37R9:Aa0�*a) % rPBmI=,lnJ.lu=Bm.ln?)+* n~,�.1A�u-,�.lA-Bf.�r�)�2�uaI?03,
0 440T{®u�.1032 03B % I?qcn?*F.1Aa0�,l·�0�0�s ·�nJI?I;�+n?À+0 % n~,C0!.l) ua*=2�0 % �k2�0®.10 % r�nJ*a0T2F,lq4,C.l03rP,�B+*=2
r�)�2�uaI?03,
0 4�03{®ua.l032�I~Bf.10PnJ*�.lA=0 ,C·�0�03s¥·�n?IJI��+n?À+0 % n?,l0t.l)6)fÀ+0 % �k2�0�.l0 % r�nJ*=032!,lq�,/.10�rP,37
9:Aan~,�,CnJ.lu-Bf.ln?)+*dn?,�B@2a2 % 03,1,C0T2
u=,lnJ*=�&B+* )+sa.ln?rtn62�0 % rtn?*an?r�n323nJ*a�&.1Aa0 % 03,ln~2�u=BmIº7R9:A=n?,�{3Bm*
¶#0t2a)+*a0tnJ*¥¶-)+.lA�{�B+,l03,3>-µ¤) % ·�Aan~{|A6.lAa0�� % ,/.;I?03B+2=,�.1) �=*-2�nJ*=��)@*a0 )@u�.&)+µ�n?* �=*anJ.l03IJq
rPBm*4q8,l0®.|,�)mµ-nJ.l0 % Bm.ln?)+*tÀfB % n?B+¶aIJ0T,�,lBm.ln~,/µ¤q4n?*a��.1Aa0�0 7�u=Bm.ln?)+*=,�B+*=28.1Aa0:I?Bm.C.10 % .l)��=*-2�nJ*=�
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VATN (VAriable Area Turbine Nozzle)

forward VABI (VAriable Bypass Injector)
rear VABI (VAriable Bypass Injector)
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,ls#0�032=,�>4.1Aa0
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ik*¢�3�@�a�@>(.lAa0�5�ot��n % w=) % {®0�,C03IJ0T{�.1032 .lAa0�° �
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½Y<@9 . ��¿®>an?rts=IJ03rt03*�.1,:.1Aa082�)+u=¶aIJ0
¶4q4s=B@,l,�0�*=�+n?*a0
{®q�{®I?02� ¬4­ �¦7

�2��� ���
	 " 	���	�! ($��8�	 6'��	�	�� 	�� ��� �
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n~,:µ % 087�ua0�*�.lI?q % 0®µ¤0 %l% 032
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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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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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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
¬ °G± ¯9k9X�
PXT¦P%O_`:/*o%/=�> �9X��cX���i)%',$%O0O%/=�%'5F<G(4(C3;3�X��	�@.6�q($%'Mb"L3/57&)<)(+*-,R 4�!5S<�M!%'(+�!3/=3'A�(+�)*�>G^;=�%'57�V"r,+*1 4&U3/=P 4*r3/A`%D(�_`�@=Gs� +&P3;3/M�(+<),C8P3/A�%'=e_`�@(+�g57�@ G*I>�*L G��%/<� 4(C IX

�	���!+;/T�;:<0 LNK��;* � +;:<�U/T�;* t ± � ��	)X
¬ °
R ¯9h2XP¥gX f#,C*-�@(+HI*-,1X	i;<),C./*S%/=�>E,C3'(C%'(+�!=).p 4(C%/M@MT�@=¡%' G�!%/M ��3J_©"L3657&),+*1 + +3/,$ bs�&�%',+(� �a����*-3/,C*L(C�!"I%'MQ"-3/57&),C*I C 4�!3/=E 4^G 4(+*I5¤573G>G*-MuX ��
$5 � � +;:<�U/T�;* +43 � / F%LS/'�����ULS/ F

3�+;��

+ * ��� 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 
2=)�!0/*I,C +�@(�^r3'AN¥D�!"$���@.d%'=Qt ±�� �J­�X
¬ ­ ° ¯ �FX;f#36M!>G8U*-,C.�X 0 *1%'M@s�"-3;>)*I>7./*I=)*L(C�!"n%'M!./3/,C�@(+�)5r It/0;�@,+(+<P%'M�%/M@&)�P%'8U*L(C Z%'=�>o8)M@3G"$: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/$LS/ F X�k	>)>G�V 436= �[*I +M@*I^/t ±��
��� X
¬ ­'�1¯ � X 0 XQ�n3/<�"$: t 
PXPkSXQ
63/�!=)*1 -tU%'=�>D¥eX fRX :�%O^6X2f#*-=)*-(+�V"9%'M!./36,+�@(+�?AB3/,nAB<)=�"L(+�!3/=3/&)(+�!5R�!HI%'(+�!3/=Q�Tk 5r%'(+MV%'8S�!57&)M!*-57*-=d(C%'(+�!3/=QXGmn3/,+(+� � %/,+36M@�!=�%#id(C%'(+* 
2=)�!0/*I,C +�@(�^/t

0 *IM@*I�@.6�Qt)m � t ±��
� ��X
¬ ­ � ¯ �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
¬ ­ � ¯���X�
�X

PX/j\X/m	%/>G36=QtdilX � X	:�,$%'57*-, � ,$%'57*-,1t/%/=�>7j\X��cX	:��!=).�XU¥D<)M@(+�V>G�! C"L�!&)M!�@=P%',C^3/&)(+�!5R�!HI%'(+�!3/=��!=9"L36=�"L*I&G(+<�%/M6>G*1 4�!./=�3/A)5R�@ G*I>;s� 4(+,C*I%'5 (+<),C8U3'A�%'=�*I=)./�!=)*1 -X � +;:<�U�

/'��* +�3	
 �!+��T:<* QULN+;/ �;/'8?

+�* ��� t ±��
��� X
¬ �'®J¯9j\X h2XNf#�@M!M t �©X\¥K<),+,$%O^/t�¥gX\kSX�iG%'<)=P>G*-,$ -t�%/=�>�¥gX �SX
�[,C�@.6�6(1X � Q�����QWF�:<LN8��

3�+;� � 
�
 � �NX��	*-&�%/,4(C5R*I=d(b3/A�)	&P*I,C%'(+�!3/=� 0 *1 4*1%',$"$�Qt;i;(C%'=)AB3/,$> 
2=��@06*-,$ 4�@(�^/t; 436M
� ­'s ± *I>)�q(C�@36=Qt ± � � ­)X

¬ � ± ¯I�cXTf#<� 4(C%O0G C 436=QX > LS*S*����-��$�%8 +��'0 LS-W���ULS/ F�QU*���;�!� X ��=� 4(+�@(+<G(C�@36=)*-=�A�	36, �	%'(C%O06*L(+*I=Gs +:O%/&Qt � � �9t ± �
� ��X
¬ � R ¯ 0 X)¦WM!*L(C"$��*-,1X 
E�!�%K�0 LNK���* 5 ��0SH$+ 8;QB+�3 � �'0 LS-BL��9��0MLN+�/ X � �!M@*I^/t ±��
� �;X
¬ ��	J¯ �FXZj\XZ�b*I,4($ 4*I:O%6 -X � +�/$* LS/T�����?�'�!+�F%�!�;-?-BLS/ F X©�b*-M!573/=d(It2kb(C�)*-=P%giG"L�!*-=d(+�@YP"/t± ���6° X
¬ � �'¯ �WX)¥D�V"$��%/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
¬ � ° ¯ 0 X ��XG�b<�"$:;=)*IM@MuXTid(C3J0dMU*-=�./�!=)*O�'%'�!,4AB,$%'57*2�!=d(+*-.6,C%'(+�!3/=QX � +�:<�U/'�;* +43

 �!+��T:<* QULN+;/ t° � ± �L� ± R
R
: ±�R6° t ±��
��� X
¬ �'­J¯9���)*#m2<)57*-,C�V"-%'MlknM@.63/,C�q(C�)5r bf#,C3/<)&E�Q�!5R�@(+*1>lt � �!M@:;�!=� 436=��236<� +*/t 
/36,C>�%'=O�2�!M!M

0 3d%/>lt�)��	¦�) 0 �St 
 :7X >TH�� � �BP , +��U0M���;/ � LNR��!���U@.5 �;/1:$�;* �C5 ��� 0 ��� X
¬ ���1¯ 
PXWhnXNf�%/,+8U*-,C3/.6M@�!3�t;
PX )FXNi;36=).�ta%/=�> �©X2�aX\�b36<�>G,C*I%'<)  X )	&G(+�!57�@H1%J(C�@36=�3'A"L3657&),+*1 + +3/,�0J%/=)*p%'=P>�8)M@*I*I>e +*L(+(+�!=).6 IXF��= ����0IH �U/10 ���U/'��0MLN+�/'�;*"P��)Q >�:<��R�LS/T�

AC+;/93����!��/'K��?�;/T8 �.- H<LNR�LS0 t@�Q36=�>G36=Qt)k2&),C�!M ± � ��R X
¬ � � ¯9j\XP��X :�*-,C=)*I^/X67�%'=�*S3/&)(+�!5R�!HI%'(+�!3/=EAB36,n5r%J G�!5S<)5�*L¢o"-�@*I=�"L^?<� +�@=).?>G*I +�!./=D3'A*L G&U*-,C�@57*I=6($ -X ��= ���%0SH � +;LS/$0 
E�!+��':<* QULN+;/�� AC+;/93�������/TK��J��/'8 � - H<LNR�LS0 t6¥K3/=d(+*I,+*I^/t

� k9t 
/<)=�* ±��
� 	)X
�)±



¬ � � ¯ � X;�SX �]<QXgk�./*I=)*-,$%'Ma(+�)*I3/,C^e3'A`(C�),+*I*Ls�>G�!5R*I=� +�@36=�%'M3��3J_��!=  +<)8� +3/=)�V"p%/=�> 4<)&U*-,$ +3/=)�V"W(+<),C8U3/5r%/"$�)�!=)*1 3'AG%J G�!%/Mqs$t-,$%/>)�!%/Mqs$tI%/=�>�57�q G*I>>��3J_](�^;&P*6X'��*1"$�)=)�V"-%/M
0 *-&U3/,+(2����m R ­/®
��tGmnk � kSt ± �d°
R X

¬ � ®'¯ 
9XN��X 
PXNf#,
	36=� �(C*I>;(1t���X 
63/�P%'=� C 436=QtN%'=�> 
9X ���%/M@MuX]���)*�3/&G(C�@57�!HI%'(+�!3/=g3/A	% 4*I0/*-=? �($%'.6*	"L3657&),+*1 + +3/,1X ��= �U/10 ���U/'��0MLN+�/'�;* 
'@;-��$+)QULS:<- +;/ , * :<LN8W5 ��K�H<LS/'���U@
�;/'8 , * :<LN8 � / F%LS/'�����ULS/ F t ± �
� ­)X

¬ �)± ¯ 0 XN¥eX �2*I%/,C +*-^6X]mn<)57*-,C�!"I%'Mb3/&G(C�@57�!HI%J(C�@36=g3'An%' G�!%/Mb"-3/57&),C*I C 436,S>G*I +�!./=QX���=P
�;QO><:<��R�LS/'�?�;/T8B�"����+ ��/ F%LS/'� AC+;/ F��!��Q�Q��;/'8 �.- �$+)QULS0MLN+�/ tU��36,+36=6(C3�t � %'=P%/>)%�t

/<)=�* ± �
��� X

¬ ��R ¯9k9X'¥K%6 + C%',$>G32%'=P>Sk9X/i)%J(4($%)XG���)*b<� +*Z3/A�3/&G(C�@57�!HI%'(+�!3/=9(C*I"$�)=��!§d<)*�%'=�>9(+�),C3/<�./�
��3J_ %'=�%/M@^G +�! \AB36,�(C�)*	>G*1 4�!./=r3/AQ%J G�!%/M ��3J_ "L3657&),+*1 + +3/,� 4(C%/./*1 -X)��= AC+;/93����!��/'K��
+;/ , * :<LN8.5 �%K�H LS/'���U@ t �Z<P>)%'&U*I 4(It+�n<)=).d%',C^/t ± � � �GX

¬ � 	'¯I�cXbmSXbha./3/,C3J0 X )	&G(C�@57�!HI%'(+�!3/= 3/A�%g5S<)M@(+�V �($%'.6*¡%J G�V%'M	"-3/57&),C*I C 436,r�@= %e.6%6 (+<),C8)�!=)*e*-=).6�@=�*g 4^G 4(+*-5EX ��= �U/10 ���U/'��0MLN+�/'��*.P
�;Q >�:<��R�LS/'� ��/'8 �"���!+ ��/ F%LS/'�
A2+�/ F%�!��Q�Q���/'8 �.- ��+;Q�LS0 LN+;/ t��b<�>)%/&P*1 �(1t+�2<)=�.6%',C^/t ±��
� �;X

¬ � �/¯ � XT*-(F%'MuX �n�@,$ C"$�QX¡¨ 	/>'��3Ks#"L3657&)<G(+*I,S&),C3/.6,C%/5 AB36,9(+<�,+8U3/5r%/"$���@=)*I,+^ ��3J_2 IX��*1"$�)=)�V"-%'Ml,C*-&U3/,+(It)mn<)57*I"I%F06*-,$ -X ± ®/® ±/± t'
6<)=)* ± ���)± X
¬ �6° ¯Si Xd��%/,C%/M@36=QX � / 5 :<* 0ML QU0D��F �	�"/'��* @)QUL Q�+�3.>��!�;/$Q�+�/$LNKWAC+�-��T�!�UQ�Q�+;��Q � , ��+;- � - �L Q�@;-?-.��0 �ULNK >TH ��+;:%F)H��
+�* 0 LS-W��� 5 �;�!K�H LS/ F 0D+ � /$QU0 ���%8�@ >'H<�!����� & LS-.��/$Q�LN+�/'��*

57��0IH�+98)Q Xaj�� � (+�)*1 4�V It � ��%'M!57*-,$ 
2=)�!0/*I,C +�q(�^p3'AW�T*I"$��=)3/M!3/.6^/t R ®6®/®)X
¬ � ­'¯ �9X)�b,+3J_`=�X�¥D<)M@(+�@su0J%/,+�V%'8)M!*�"L^G"LM!*	36&G(+�!57�@H1%J(C�@36=p8;^r./,$%/>G�!*-=d(b5R*-(+�)3G>) IX ���!�"�



���$���B���;�����$� � t ± �
� ®)X
¬ � �O¯ �©X �9X 0 3/8)8��@=� 	%'=�>F
PX�¦bX+�	<).6%/=QXZja,+*1>G�!"L(+�!3/=?3'AN3'�Us�>G*I +�@.6=�&U*-,+AB3/,C5r%'=�"-*�3'A5S<)M@(+�V �($%'.6*S"L365R&�,+*1 + +3/,$ -X ��= �	���!+98;@;/'��-BLNK & ��Q�LVF%/ +�3�� - LN�;* � , *,+ * AC+;-	�'�!��QU�

Q�+���Q t)&�%'.6*I R
� � : 	 ± ®)X6m	k	iGk i)jNs 	/­)t ±�� ­ ° X
¬ �
� ¯9k9X �	Xl¥K" :�*-=)HI�@*6X � - LN��* , *,+ * , �;/$Q?�;/T8 AC+;-	�'�!��Q�Q�+���Q X�k	 4��.6%J(C*Fja<)8)M!�! +�)�!=).

�Q�!5R�@(+*1>lt ±��
� �GX
¬ �
� ¯ 
9XG��X 
�XGf#,
	36=� 4(+*I>G(IXTf#*1 �(C&�%'=p"-3/57&),C*I C 436,�573G>G<)M!*/XT�T*I"$��=)�!"I%'MU,+*I&P36,4(1t 7N36M@063k2*-,C3 � 3/,C&P36,C%'(+�!3/=Qt �	*I"/X ± ���
� X
¬ � ®'¯ �©XafRX � 36,+=�*-M!M Xgh� ;&U*-,C�!5R*I=d(C%'M`§d<)�!*L(7*-=).6�@=�*�&),C3/.6,C%/5 s9 +<)575r%',C^e,+*I&P36,4(1X��*1"$�)=)�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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� ��� ��������� � � �����
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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-~$�T�W�2�
� ������� � 0�� " ( 2�*�2�< "�� 
�8 - *�0 2�$
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_`�)*I,+*2" � � �V �(C�)*`"L,C36 C � +*I"L(+�!3/=�%/M;%/,+*1%2%J(W(+��*3�U%'57*Z��3/MV>G*-,\%'=�> �?�! T(+��*b%'Aª(+*-,C8)<),C=)*I,M!*-=)./(+�QX	���)*S,$%J(C�@3o8U*L(�_b*-*I=E(+�)* �p0J%'M!<)*S%/=�>E(C�)*F>G*1 4�!./=��p0O%/M@<�*/tU� X */X �� 

� tU�! n(+�)*I=<� +*I>p(+3o>)*L(+*I,+57�!=)*�(+��*9%JAª(+*I,+8�<),+=�*-,�*L¢o"L�!*-=P"L^/t � �It;AB,+365 (+��*�,+*IM!%'(+�!3/=� +�)�!&Q�
� �D� ��� � � , « � �� � � � � k9X ­
	d�
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mn3'(+*	(+�P%J(b(+�)*#8)<),C=)*-,�*-¢r"-�@*I=�"L^o%'�U*1"c($ a36=)M@^7(C�)*	(+*-57&U*-,$%J(C<),+*#�!=�"L,C*I%6 4*`(C��%J(2%6"c(+<)s%/M@M!^o3G"-"-<),+,C*I>p�@=?(C�)*9%JAª(C*-,C8)<),C=)*-,1X
��=D(C�)*F"I%/ +*93'A�%rM!�q(�%JAª(C*-,C8)<),C=)*-,2(+�)*R �($%'./=P%J(+�!3/=E&),C*I C +<),+* � � tP_`�!M@MW8U*F>G�@�U*I,+*I=d(AB,C3/5 � « XZ���)*F¥K%/"$�E=;<)5S8U*-,	%J(n 4(C%J(C�@36= 	7_`�@M!MQ8U*S"L3657&)<G(+*1>E<� +�@=).7(C�)*9*1§6<P%J(+�!3/=P 3/AT573/57*-=d(C<)5�%/=�>E"L3/=d(C�@=;<)�@(�^/XN���)* ± �©"L3/=d(C�@=;<)�@(�^o*I§d<�%'(+�!3/=E �($%J(C*I I�

1 « � � « � «" « � « � � � « � � H�� « 1 ± P H « 6 ±R � «« 3
� 4 � � �� � 4 � � ���

� � « � � « 
 H « � � k9X ­ ° �
1 � � � � � �" � � � � � � � � � H�� � 1 ± P H � 6 ±

R � «� 3 � 4 � � �� � 4 � � ���
� � � � � � 
 H � � � k9X ­/­d�
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� � � � ± P8H � «� � �*� � « � ± P8H � «« � ��kSX �'®6�

� � � ± P H � «� �
� ± P � � 
« � «� � 44 � � � � « � ± P8H � «« �

� ± P � � 
« � «« � 44 � � ��kSX � ± �
��=d(C,+3G>G<�"-�@=�.7kSX ­ ° %'=�>Ek9X ­/­R�!=d(+3rk9X � ± ^;�@*IM!>� -�

1 � � � � � �
� � � � X � � 1 « � � « � «

� � � « X « ��kSX � R �
_`��*-,C*���_�%/ �>G*-Y�=)*1>?%6 -�

� � ( � ± P � � 
« � « � 44 � �
� ± P8H � « � �

H � � ± P � � 
« � «
� ± P H � « � ��kSX ��	6�

hZ§d<�%J(C�@36=7kSX � R ./�!0/*1 �� � td_`�)�!"$�o"I%'=78U*n<� +*I>R(C3�Y�=�> � � XW�b^7>G*LYP=)�@=�.�� %6"-"L36,C>)�@=).(C3
� � � ± P H � «« �

� ± P � � 
« � «« � 44 � � ��kSX � �d�
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� � � � � � « � « ��kSX � ° �
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� � � � "( � � � � �
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 H � �2� �Z� ��
 H � � ��kSX �'­6�
_`��*-,C* 1 � � 1 
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� � � � 	�� � ��� ��	��6X
� � ���
� � � ��� � �	��� �������	��� � � ����� � ����� � �	��" " ���	� �
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��� � � � 1 � . � 1 ��� H � � � ��1��

�
H � � �
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� ��1 �
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H � ±

� ± P � � 
« � « � � ����� � �   1 � � � � �
� � H

� ± P � � 
« � «
8�<G(�_Z*R%'MV 43���%O0/*�AB36,#(+�)*R=)3/HIH-M!*S&),C*I C +<),+*S,C%'(+�!3 �1� � �� � � ¬ <)=)M!�q(n%'Aª(+*I,+8)<�,+=)*I,�¯,�� �� � (+��%'(S�ª(+��*�*L G&�%'=P 4�!3/=?&),C3;"-*I C b�! `�V>G*1%'M!�@HI*I>?%/ ��V 4*I=6(C,+36&)�V"I�c�

�C� 1 ± P H 6 ±
R � « 3 44 � � ��� � �

� R
HE6 ± � ± 6 � 4 � �

4 � ��kSX � � �
±6± 	
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� R H
HE6 ±

� ± 6 ±
� 4 � �
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� k9X � � �

_`�)*I,+* �1� ��� �����	� � XI��(� +�)36<)M!>¡8P*R=)3/(+*I>K(+��%'(	AB36,#"-3/=;0/*I,+.6*-=d(n=)36H-HIM@*1 2(C�)�! #M!*-06*-MW3'A(C�),+<P �(2�V �3/=)M!^p%6"$�)�@*I0J%'8)M!*#AB3/, �;� ��� �����	� � 
 � �	��� 
�� ��� � X
� � � � � � � � (+�)*#=)3/HIH-M!*n,C<)=� b"$�)3/:6*I>lt � � ± %'=�>r�@(��)3/MV>) a(+��%'(2"g� � �D6 � � � '�®�X
�[*�(+��*-=E��%O0/*6�

1 � . � 1 � R H �
H P ± � � � k9X � ®d�

���)�V b"-%'=r8U*	 +*-*I=rAB,C3/5 3/=)*	3'A (+�)*	�@=d(C*-,C5R*1>G�V%J(+*# �($%'.6*I N3/Al(+�)*#>G*-,C�@0J%'(+�!3/=r3'Aa� k9X � � �"I%',C,+�!*I>E36<G(9%'8U3J0/*/tU�@Ab¥=� ± �! #<� +*I>] 4�!5S<)M@(C%/=)*-36<� +M@^6X�¦�3/,	(+�)*7&),C*I C +<),+*9(+�),C<� 4(ItQ_b*.6*L(I� "�� � � 6 � �r�>� 1	 � . � � � 6 � �p�2� ¬ 
�� (�
�����
�����
�� ¯ �
1 � � �

� � H � � � � � � � � 6 � �r� 1 � � � �� � H
1 ± 6 � �� � 3 �

� � �� � �
� ����� �� ��� �

1 � � � �
� � H � ± P � � 
« � «

�� ± 6 � ± P � � 
« � « � 44 � �
� �� � ¬ � � ± ¯ �

1 � � � �
� H � � 
 
«

�� ± 6 � � 
 
« � 44 � �
� �� � 1 � R H �

H P ± � �
±
H

�� ± 6 � � 
 
« � 44 � �
� �� � k9X �)± �

� k9X � ®6�b%/=�>���k9X �)± ��"-%/=�8U*9"L365S8)�!=)*I>?%'=P>p�!=d(+,C3;>)<�"L*1>��!=d(+3rk9X �
�9(C3r^d�!*-MV>l��
1 � � � � �

� R H
H P ± 1 ± P ±

H
� ± 6 ���

� � 3 � k9X ��R �

_`�)*I,+* � � � � 
 
« 44 � � X���)*�(C�),+<P �(n"-3d*-¢o"L�!*-=d(�AB3/,�(+��*�=)3/HIH-M!*/t � �;t)�V `>G*LY�=�*I>l�
� � � � � � �

��
� � � � � k9X � 	d�

_`�)*I,+*?(C�)*D*-57&)�!,+�V"-%/MbA�%/"c(C3/,1t � � � �dtZ�V 7�@=d(C,+3G>G<�"-*I> (+3�5r%':6*? +3/57*D"L36,+,C*I"L(+�!3/=� FAB36,(C�)* ± �¤�V +*-=d(+,C3/&)�V"o�V>G*1%'M!�@H1%J(+�!3/=P 95r%/>G*?�)*I,+*6X[mn3'(+*�(+�P%J(S(C�)*�(+�)*I3/,C*L(+�V"-%/MZM!�!5R�@(73'A
� � � ± � ®F3/=)M!^o%'&)&�M@�!*I ZAB3/, � 
 ���1XN��37%'&)&�,+3d%/"$�r(C�)*#AB<)M@M (C�),C<� �(`M!*-06*-MUAB3/, ��� ���`%"-3/=;0/*I,+.6*-=d(Z>G�!0/*I,+.6*-=d(Z=)36H-HIM@*#_Z36<)MV>o��%O06*2(+3R8U*#<P 4*1>lX����)*	Y�=�%'Ml*- G&),+*1 + +�!3/=7AB3/, � ��V -�

� � � � �G� � ��
��� � � � � �G������ H 6 ±

��H P ± �L� ± 6 

� 4 � �

4
� 1 ± P ±

H
� ± 6 � �

� � 3 � k9X � �;�

±6± �



� � ���
� � � ��� � �	��� �������	��� � � ����� � ����� ��� �
� ����� ����� � �
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k "L3/=;06*-,C./*-=d(+s�>G�!0/*I,+.6*-=d(a=)36H-HIM@*��V 2 +%/�!>�(C3r8P*�&U*-,+AB*I"L(+M!^�*- ;&P%'=�>G*1>p_`��*-=E(+��*9 �($%J(+�V"&�,+*1 + +<),C*n�!=p(C�)*	=�3/H-HIM@*#*L G�@(b*1§d<�%'MV �(C�)*�%'5S8��@*I=6(�&),C*I C 4<�,+*6XW���)*#*L G�@(2¥K%/"$�o=;<)5F8P*I,AB36,`(+���! `"I%/ +*�"I%'=?8P*9"-3/57&)<G(C*I>?<� +�@=�.��

"
� � � � �(� ±
� � ± P � � 
« � «

± P � � 
«
� 4 � ���� 4 � � � ��kSX �d° �

%/=�>�(+�)*�&�,+*1 + +<),C*	,$%J(C�@3RAB,C3/5E�
� � 	�� � 	�� � �©� ± P HE6 ±

R � « � 44 � � ��kSX � ­6�
¦�3/,�=)36H-H-M!*#&),+*1 + +<),C*	,$%J(C�@3d a.6,+*1%J(C*-,Z(+��%/= � � 	�� � 	�� � t;(+��*#*- G�q(2¥K%6"$�p=;<)5S8U*-,`"I%'=E �(C�@M!M8U*9"L3657&)<G(+*1>oAB,C3/5 hZ§d<�%J(C�@36=�k9X �6° t) 4�!=�"-*	AB<�,4(C�)*-,�*L G&�%/=� +�@36=p3'AT(+�)*�.d%/ Z_`�@M!Ml3G"-"-<),36<G(C +�V>G*�(+�)*�=�3/H-HIM@*6XN¦)3/,�(C�)�V 2"-%6 4*6t;(+�)* ��3J_ (+�),C<� 4(n"-%/=�8U*9"L365R&�<G(+*1>pAB,C3/5E��

�
�
� � � � ��1 � . � 1�� � H � � �A� 1 �

�
H � � �

� � �
��� ��kSX � �'�

1��
�
H � ±

� ± P � � 
« � « � � �
����*�&),+*1 + +<),C*n(C�),C<� �(2�V `368G(C%/�@=)*1>oAB,C3/5E�"g� � �>6 � � �>� 1	 � . � � �26 � � �2� ¬ 
�� (�
�� � 
�� ��
 � ¯ � ��kSX � � �

1 � � �
� � H � � � � � � � � 6 � �r� 1 � � � �

� � H
1 ± 6 � �� � 3 �

� � �� � �
� �� �� �� � � �

1 � � � �
� � H � ± P � � 
« � «

�� ± 6 � ± P � � 
« � « � 44 � �
� ��

����*aY�=P%'M;*L G&),C*I C 4�!3/=�AB36, � � �V W3/8G($%'�!=)*I>S8;^�"-3/5F8)�@=��@=).#ha§d<�%'(+�!3/=� Wk9X �
� t1kSX � � tOk9X � �%/=�>Ek9X � 	��

� � � � � � �
� � H P � � � 
 
 4 � �� � � � 44 � �

� � � �� « �� � 
 � ± P � � 
« � « � ± 6 

� 4 � �

4
��kSX ��� �

¦�3/,r&),C*I C +<),+*�,C%'(+�!36 RM!*I C S(C��%'= � � 	�� � 	�� � tb 4�!57&)M@*E*- ;&�,+*1 + +�@36=� SAB3/,7(+��*�(C�),C<� �(o"-3d*-AªsYU"L�!*-=d(It � �;t`"-%/=�=�3'(p8U*K3/8)(C%'�!=)*1>�>)<)*D(+3�(C�)*K&),C*I +*-=P"L*D3'A�"L3657&),+*1 + +�!3/= "$�)3G"$:; IX
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