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P±NJI i�v�R�KcK�kqaeUVX�UOR,L�M�P�UOR�fJdVT:F�UVMYR,MOaeF�fri�
'dVMhI�v ��i�k�P�iJ�gTJUVF+x+UORzv R�acv�dÉMOF TBUhF�b'aeHJI Rzf I�wX�acI�fWM
MOUhR�fJdVT:F+UÒMYRzMhaeF+fwR�KDMOI$UhfµRzMhacb�I3MOF\X�F+vwvwI�UhX$a R�KBR�aeU³RzfJH�x�UhF+�JfBHwMhUOR�fJdVT:F�UVMYR,MOaeF�fÉMhNJUhF��Jx+NÉx+I�fBI�UORzK:R*b'a��
RzMhaeF+f7AZP±NJI F�b+I$UOR�KcK6x+FWRzKed�R�UVI�MOFÎacfJX�UVI*R�dVI v�F��BaeKeaDM�
��3UVI�HJ�BX�I HJF'F+U���MOF��®HJF�F�U�MOUhR*b+I�KqMOaevwI�d� RzfJH
TJUVF�b'acHJI�RzaeU²MOUhR�fJdVT:F+UÒMYRzMhaeF+f�MhF �BfJHJI�U���dVI�UVb�I�H v�R�U��zI$MhdgRzM�R�f<R��:F+UhHJR��JKeI�X$F+dVM�A P�FªRzX�X�F�v�TJKcaedVN
MONBI�dhI[x+FWR�Kcd��JMhNJI²i'k�P�iGTJUhF�x+UOR�v¿aed·HJI$b�I�KcF+TJaefBxgX�F�fJX�I$TBMOdqF�L F+T�I�UhRzMOacF+fJd�R�fJHGI�fµR��JKeacfJxwMhI�XYNJfBF+KeF��
x+acI�d�A¾p6fJIGFzL MONBIGX$F+fJX�I$TBMOd�F�L6F�T:I$UORzMhaeF+f���I�aefBx HJIyb+I$KeF+T�I�H R�d�TJR�UVMwF�LqMONJI�i�k�P�i TBUhF+x+UhR�vÍacd
I�fWMhacMOKcI�H����qaex�NJI�UÊ¸³F+Ke�JvwI p	T�I�UhRzMOacF+fJd6� ��¸qp\�lR,M3fJF+f��®MOF���I�U�JfJF+f!�®UOR�HJR�UlRzaeUhT�F+UÒMOdlHB�JUhacfJx²Ð�fJdÒMOUh���
vwI�fWM EGI$MhI�F+UVF+KeF+x�aeX*RzK�jlF+fJHBacMOacF+fJd\��ÐÒE j±��"BA

jl�JUhUVI�fWM·F+T�I�UhRzMOacF+fJd3R,M3fJF+f��®MOF���I�U�JfJF+f!�®UOR�HJR�UlRzaeUhT�F+UÒMOdlHB�JUhacfJx9ÐÒE j UhI$K#
wF+f�TJUVF�X$I�HJ�BUOR�K�dhI$T!�
R�UhRzMOacF+f$�JR�dhI$H�F+f�RQv�IyMONJF'HgF�L7F+fJI%�®aef'&,F+fJI%�®F+�BM�A�P±NJacdlvwI$MONBF�H�UhI�dV�JKcMhdlacf�R[dVaex+fBac¹µX�R�fWMlUVI�HJ�JXyMOacF+f
aef R�aeUVT:F+UÒM X�R�TµR�X$acM�
�A	P±NJIÉi�k�P�i���¸qp X�F�fJX�I$TBM	�·aeKcK�I$fµR��JKcI²v²�JKDMOacTJKeI\F+T�I�UhRzMOacF+fJdqMhF�fJF+f��®MOF���I�U�
fJF+f���UORzHµR�UÊR�aeUVT:F�UVMOd³HJ�BUhaefBx[ÐÒE j A'Ð®M�aedÊaevwT:I$UORzMhacb+I3MhNµRzMÊMONJacd�X$F+fJX$I�TBM(�:I�HJI$b�I�KcF+T:I$H�aef�R[UVaex+F�UhF+�Jd
v�R�fJfJI$U\MhF)aefJdV�JUhIÉMONµR,M\dORzL�IyM�
 aed\fJF�MQX�F�v�TJUVF+vwaedhI$H7A«P±NJacdQUVI�)>�JacUhI�d\MONJRzM\MONJIÉX�F�fJX�I$TBM²�JfBHJI�UVx+F
R�f)Iy|'MhI�fJdVacb+I[I$bzR�Kc�µRzMOacF+f*�+
*��F�MON dhacv²�JK R,MOaeF�f�R�fJHGR�fµRzK#
>MOacX*R�K:v�IyMONJF'HJd�A

Ð�f<MhNJaedwTµR�T�I�U����I�HJI$v�F+fBdVMOUhRzMOI NJF��ÀMhNJI,�zI
 dOR,L�I$M�
 TJUhF�T:I$UVMOacI�dÉX*Rzf-��IGI$dVMYR��JKeacdhNJI$H-�+
 R
v�RzMONJI$vgR,MOaeX�R�K7b+I$UhaD¹µX*RzMhaeF+f�v�IyMONJF'H.�µR�dVI�H F+f L�F�Uhv�R�K¬KeF+x+acXQR�fJH MONBI�F+UVI�v TJUhF�b'aefJxBA6P±NJI²d�
�dÒMOI$v
aed�UVI�TJUVI�dVI�fWMOI$H�aefwR6L�F+Uhv�R�KBv�RzMhNJI�v�RzMOacX*R�K�K R�fBx+�µR�x+I·RzfJH«MONJI�UhI)'�BaeUhI$H�TBUhF+T�I�UÒMOaeI$dÊR�UhI3L�F+UVv²�JKeRzMOI$H
R�d�X$F+f0/VI$X$MO�BUhI�d$A1k v�RzMONBI�v�RzMOacX*R�K·TJUVF�F�L6aedgX$F+fJdÒMOUh�BX$MOI$H MOF�dVNJF�� MhNµRzM�MONJI$dhI X�F�f0/VI�XyMO�JUVI�d)R�UVI
aefBHJI�I$H�v�RzMONJI$vgR,MOaeX�R�K:MhNJI�F�UhI�vwdqR�fJH�X$F+fJdVI�)>�JI�fWMhK#
 MONµRzM·MhNJI[vwF'HJI�KcI�H d�
'dVMhI�vºNµR�d·MONJIQUhI)>�JaeUVI�H
TJUVF+T:I$UVMhaeI�d$A

kÀTJUVI�Keacv�acfµR�U�
 X�F+fJX$I�TBMÉFzL·F+T:I$UORzMhaeF+f �3R�d9HJI$b�I�KeF�T:I$H TBUhaeF�U[MOF MhNJI�X$F+v�TBKeI$MhaeF+f F�L±MONBIg¹µUhdÒM
HJUhRzL�MÉF�L·MONJI)F��wX$a R�K3X$F+fJX$I�TBMwF�LqF+T�I�UOR,MOaeF�fJd�A P±NJaed²�lR�dÉHJF+fJI�MhF x�acb+I��Bd�R NJI�R�HÎdVMOR�UVMÉF+fÎMONBI
HJIyb+I�KcF+TJvwI�fWM�F�L�RQUhaex�F+UhF+�Bd�vgRzMhNJI�v�RzMhaeX*RzKµR�fµR�K�
'dhaed³vwI$MhNJF�HÉMONJRzMÊX*R�f$�:I��JdhI$H�MhF[b+I$UhaDL1
«MONJI·¹µfµR�K
X�F�fJX�I$TBM FzL F+T�I�UhRzMOacF+fJd·aefG^��+�ztJA�P±NBI[vwF�HBI�Ked·RzfJH�TJUVF�FzL�d�TBUhI�dVI�fWMOI$H aef)MONBaed·TµR�T�I�U·X�F�fJX�I$Uhf�F�fJK#

MONBaed3TJUVI�KcaevwaefµR�U�
«X�F�fJX�I$TBM�R�fJH�fJFzM3MONJI	KeRzMOI$dVM±i�k�P�i*��¸qpZX$F+fJX$I�TBM·HJF'X��Bv�I$f>MhI�H)aef�MONJI6dV�Jvwv�I$U
F�L�^z�+�+@BA�P±NBaed9TBUhI�KcaevwaefµRzU�
GX�F+fJX$I�TBM9NµR�d[I�fµR��BKeI�H �Jd[MhF�HJIyb+I$KeF+T R)b'a R��JKcI«b+I�UVac¹µX�RzMOacF+fªvwI$MhNJF'H
R�fJHwX�UVI*RzMhI R\dhacx+fJaD¹µX*R�fWMÊR�vwF+�JfWMÊF�L"UhI��BdOR��JKcI·Kea2�BUOR�UVaeI�d��MONBI�F+UVaeI�d�'R�fJH�Rz�BMOF+v�RzMhI�HÉdVMhUORzMhI�x+acI�d�MONµR,M
�·aeKcK3��I	�JdVI$L��JK7L�F+U�MONJI6b�I�UhaD¹µX*R,MOaeF�f FzL�MhNJI6¹µfµRzK7X�F+fBX�I�T�MqFzL�F�T:I$UORzMhaeF+f�RzfJH)F�MONJI$U±d�
'dVMhI�vwd·dhaevwaeKeR�U
MOF«MhNJaed±F+fBI�A

P±NJI·TJUhI$Keacv�acfµR�U�
QX$F+fJX�I$TBMÊaed�HJI$dhX$Uha2��I�Hwaef²MhNJI·fJIy|'MÊdhI$X$MhaeF+fwR�fJHwaef«vwF+UVI±HJI$MOR�aeKcd aef54u^06�A P±NJUhI$I
�µR�dVaeXqI�KeI$v�I$fWMOdlFzL7MONJI d�
'dVMhI�vÀRzUhI vwF'HJI�KcI�Hw�JdhacfJx9MONBI6o ¸\i�L�F+UVvgRzK�v�RzMhNJI�v�RzMOacX*R�KBK R�fJx��µR�x+I�7±�ÒC��
MONBIgR�acUhdVTµR�X�IÉdV�JUhUVF+�JfJHJacfJx)MONJI�R�aeUVT:F�UVM8��X�R�KeKcI�H MONBI�i�I$KcL3jlF+fWMOUVF+KeKcI�H k UhI�Rª��iJjlk	�9����^+�	R)x+UhF+�BfJH
�µR�dVI�HªR��BMOF�vgRzMhI�H d�
'dVMhI�v X*RzKeKeI$H MhNJIÉk acUhT�F+UVM9E�R�fJR�x+I�vwI�fWM9EGF'HJ�JKcI���k	E E��%�l��@W� MONBI�RzaeUhX$UORzL�M
MOUhR:/VI�XyMOF+UVaeI$d�A P±NJI dORzL�IyM�
�UVI�)>�JacUhI�vwI�fWM�aed³L�F+Uhv9�JK RzMhI�H�R�d�R[x+I$F+v�IyMOUVaeX·dhI$TµR�UOR,MOaeF�f�TJUVF+T�I�UVM�
�A³{µUhF+v
MONBIQvwF'HJI�Kcd±R�fJH)MONJI\dhRzL�I$M�
)UVI�)>�JaeUVI�vwI�fWM8�µTBUhF'F�L�d·R�UhI\HJIyb+I$KeF+T�I�H)MONµR,M·dh�JTJT�F+UÒM�MhNJI\dORzL�IyM�
)X�KeR�aev A
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P±NJI F���/VI$X$MOaDb+I)F�LqMONJacd«X�F+fJX$I�TBM�F�LqF+T�I�UOR,MOaeF�f acd²MOF TJUhF�b'aeHBIGRzf<Rz�BMOF+v�RzMhI�HÎdhI$UVb'aeX$I �·NJacXYN �·acKeK
x+�µRzUOR�fWMOI$I�dhI$TµR�UhRzMOacF+f�R�dVdh�JUhR�fJX$I�L�F+U9RzaeUhX$UORzL�M[F+T�I�UhRzMOacfJx�acf MONBI�R�aeUVT:F�UVM[R�aeUVdhTµRzX�I�AGP±NJI�d�
�dÒMOI$v
v²�JdÒMF��IQaevwTJKeI$v�I$f>MOR��JKcI �·acMhN�vwaefJacvgR�K�aef�L�UOR�dÒMOUh�BX$MO�BUhIg�.a�AuI�AlKeF��ÌX$F+dVMY�qR�fJH dhNBF+�JKeH,�:I\b+I$UhaD¹5R��JKcI
MOF RGNJaex+N X$F+fB¹µHBI�fJX$I KcI$b�I�K�A P±NBI�d�
'dVMhI�vÍX$F+fJdhacdVMhd«F�L±L�F+�JU²TBUhaev�R�U�
 L��BfJX$MhaeF+fµRzK�TµRzUVMOd7 ��C��QMONBI

C



i�I$KcLQjlF+fWMhUhF+KcKeI�H k UVI*R ��iJjlk6�%� ��^+�²MONJIGk acUhT�F+UVMgE�R�fJR�x+I�vwI�fWM�EGF'HJ�JKeIª�.k6E E �9�6�.@W�ÉF�f!����FWR�UVH
fµR*b'aexWR,MOaeF�f MhF�F+Kcd���R�fJH��.t>�±HµRzMOR�X$F+v�v9�JfJaeX�RzMOacF+f7A·p6fJK�
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Independent of entry region:

SCA border IAF (R/L/virtual) FAF

tm_on_T?(ac)

tm_bef_T?(ac)

tm_in_SCA?(ac)

tm_bef_T?(ac)

IF RT

tm_on_T?(ac)

tm_on_final?(ac)

tm_on_baseleg?(ac)

Entry through Region M:

Entry through Regions R or L:

{�aex+�JUVI\@ 7�P±aevwaefBx²TJUhI$HJaeX�RzMOI$dqX$F+vwTµR�UhI$H�MOFÉdVMOR�x+I\F�L � aex+NWM

����� � � 0 " � � � ��� � - ! 0 � ,."�� , 	 ! 	
`6�JI·MOFQMONJIqX�F+fJdÒMOUV�JX$MhaeF+f�F�L7MONBI TJUVF�MOF'X�F+K �+MONJI$UhIqaed�R[fµR�UVUhF�� ��I�HJx+IqF�L¬R�acUhdVTµR�X�I�dh�BUhUhF��JfJHJacfJx9MONBI
��F+UhHJI$U �:IyM��lI$I�f UVI�x+acF+fJd·Ï�R�fBH � �.R�UhF��JfJH�� 3 �W�lacf)�·NBaeXYN dhI�TJR�UORzMhaeF+f aed±dVF+vwI$�·NµRzM�NµRzUhHJI$U·MhF
I�dÒMYR��BKeaedVN7A � IQX�R�KeK:MONJacd3MONJI ) ��,�)/��,���� �&) ,%7

¥���� ��¥ ¥�� �z¥����� �y�B¥�� �>� !�,� ��� !�,� � � ' ¼�½ �*��¢V����� !�,� ��� !��� � � �
�B¥�� � ����¢Y�£¡W� ��� ¢V���W�Q�_¥���� !�,� ��� !��� � ��+
�B¥�� � ����¢Y�£¡W� ��� ¢V���W�Q�_¥���� !�,� � � !��� � ��+
Á+���YÂ � ����¢°� ¡W� ��� ¢V���W�Q�_¥ ¡B� � �-�W� !��� ��� !�,� � �

Ð®M3dVNJF+�JKcH>��I fJF�MhI�H�NJI$UhI MhNµRzM�MONJacdÊ��I�HJx�I	aedÊUhI*RzKeK#
ÉUhRzMONBI�UldVvgRzKeK�A�P±NJaedlR�KedVF9dVTJKeaDMOdÊUhI�x�aeF+fJd � RzfJH
Ï acfWMOF �qR�& �±|�R�fJHGÏ¬R+&�Ï"|��·acMhN �±| RzfJH Ï7|�HJI�fJFzMOaefBxÉMhNJI\Uhacx+NWM�R�fJH KeI$L�M=) ��,�)/�.,���� �&) ,yA

P±NJI«TJUVI�HJacX*RzMhI�¼�½ �*��¢V��$ÉHBI$MOI$UhvwaefJI$d6acL !�,� � R�fJH !��� � R�UVI²I�fWMhI�UhacfJxgMhNJUhF+�Bx+N UhI$x+aeF�fJd � R�fJH Ï
�·acMhN)F+fJI\F�L�MONJIQR�acUhX�UhRzL�M±I$f>MhI�UVaefJxÉMONJUVF+�Jx+N)I�R�XYN�UVI�x+acF+f 7

¼�½ �*��¢V���>� !��� ��� !��� � � ' � e��¤�� �B¥'¼ �W� !�,� � ���  �$¤��£��¥'½��>� !��� � �V��+
� e��¤�� �B¥'¼ �W� !�,� � ���  �$¤��£��¥'½��>� !��� � �V�

C�]



P±NJIqTJUhI$HJaeX�RzMOIq�B¥�� � ����¢Y�£¡W� ��� ¢V���W�Q�_¥�$6aedÊfJF�M�d�
'v�vwI$MhUhacX*R�K5aefÉMONBIqM���F«R�Uhx��Jv�I$fWMOd��'�·NJaeXYNgaed³�·N 

acMÉacdÉR�TJTJKcaeI$HÎM��·acX�I aef ¥���� �_¥ ¥�� �z¥����� �$��¥�� $+A<P±NBI ¹µUVdVMgR�Uhx��Jv�I$fWMG�.NJI$UhI !�,� � �²v²�JdVMwNµR*b�IGMONBIR��JdVF+Ke��MOI6bzR�Ke�BI	F�L�MhNJI6|�bzR�Ke�BI	F�L aDMOd±I�fWMhU�
�T�F+aefWM·x+UVI*RzMhI�U±MONJR�f)F+U±I�)>�µR�K�MhFw¢Ò��� �\��¥ 7

�B¥�� � ����¢Y�£¡W� ��� ¢Ò���W�\��¥��'� !��� �"� !�,� � � ' � e��¤�� �B¥'¼ �>� !��� � ���  �$¤��£�B¥'½ �>� !��� � �(� !�,� � � � � ¢Ò��� �\��¥z�
+ � e��¤�� �B¥'½��>� !��� � ���  �$¤��£�B¥'¼ �>� !��� � �(� !�,� � � ) ¢V��� �Q�_¥z�

{�acfµR�KeK�
��>acL �:F�MhN)R�aeUVX�UhRzL�MlNJR�b�I6MONJI\R��JdhF+Kc�BMOI�bzR�Ke�JI$d3F�L�MhNJI |gbzR�Kc�JI�dlF�L�MONJI$aeU�I�fWMOU�
�T�F+aefWMOdlx+UhI�RzMOI$U
MONJR�fGF�U±I�)>�µR�K7MhF�� � � � � �

�
�JMhNJI\TJUhI$HJaeX�RzMOI²Á����YÂ � ����¢Y�£¡W� �z� ¢V���W�Q�_¥ ¡B� � �-$QNBF+KeHJd7

Á����YÂ � ����¢Y�£¡W� ��� ¢Ò���W�\��¥ ¡B� � ���W� !��� ��� !��� � � ' �  ��¤'�£�B¥'¼ �'� !�,� � ��� e��¤�� �B¥'½��>� !��� � ���
!��� � � � � ¢Ò��� �\��¥��+^ �
!��� � � ) ¢V��� �Q�_¥��+^+�

+ �  ��¤'�£�B¥'½ �'� !�,� � ��� e��¤�� �B¥'¼ �>� !��� � ���
!��� � � � � ¢Ò��� �\��¥��+^ �
!��� � � ) ¢V��� �Q�_¥��+^+�

P±N>�Jd�� aDL3F+fBI�F�L !�,� � F+U !�,� � acdQacfªUVI�x+acF+f � �¬R�fJH MONJI�F�MONBI�UQaef UhI�x�aeF+f Ï �¬MhNJI�f MONJIwMOF+T KeIyb+I$K
MONBI�F+UVI�vºF+fJK�
)X�F+fJdVaeHJI$Uhd MhNJF+dVI9dhaDMO�µR,MOaeF�fJd±�·NJI�UVI²I�aDMONJI$U R�acUhX$UORzL�M�NµR�d R�f�I$fWMOU�
GT�F+aefWM��·acMON�� ��� )
¢Ò��� �Q�_¥ �µF+U ��F�MON R�acUhX�UhRzL�M±NµR*b�I[I$f>MhU�
)T�F+aefWMhd3�·acMON�� ��� )�� � � � � �

�
A

��� � ��,1$ ! ��!#-�,1/),6& � ��

p6�JUwF�b�I�UhR�KeK�R�acvÑaed«MOF dhNJF��ºMONµR,M�L�F+UwR�f+
ÎM���F R�aeUVX�UhRzL�MÉ�·acMONBaefÎMONJI iJjlk �³MONJF�dhI)M��lF RzaeUhX$UORzL�M
v�R�aefWMYRzaef<MhNJI vwaefJacv²�JvÑUhI)>�JaeUVI�HrdhI$TµR�UOR,MOaeF�frRzM)R�KcK�MhaevwI�d�AZP±NJI TJUVI�HJacX*RzMhI ¢h������� » ¢V���,���������¡�$
dVMORzMOI$d·Iy|BR�X$MhK#
�MhNµRzM�7

¢V������� » ¢Ò���,�� �����$¡��B��%& ��� %& � � ' ¡B� ¢Ò�$��%& ��� %& � � ) ¢Ò��� �\��¥,+
���B¥ ��� �+¢Ò� ���-�¥���.�B��%& ��� %& � ���
¡B� ¢Ò�$��%& ��� ��!� /30+�21Î¡B�£¢��*��%& ��� ��!� /30z�*) ¢Ò��� �\��¥z�

� IgdhI$IgMONJRzM9¢V������� » ¢Ò���,���������¡�$�aedQIy|�TJUhI$dhdVI�HÎaef MOI�UVv�d[F�L3MhNJIgKcF�X�RzMOacF+f F�L3MONBI�R�acUhX�UhRzL�MQx+acb�I�f Rzd
T�F+aefWMOd aef ^�` dVTµR�X�IzA[P±NBI�dhIwR�UVI«X*R�KcX��JKeRzMOI$H �JdVaefJx �"!��� � ��� � !��� ���.� �%�"�·NBaeXYN aed6HBI�dhX$Uha#�:I$H vwF+UVI[L��JKcK#

aef dVI�XyMOaeF�f tBA�Ð�fÎx+I�fJI$UOR�K ���lI)UhI)>�JaeUVI)R dVaevwTJKeI�x+I�F�v�IyMOUhacX*R�K�dhI$TµR�UOR,MOaeF�f ��MONµRzMÉacd9MONBI HBaedVMOR�fJX$I
��I$M���I�I�fGMONJI	M���FgR�acUhX$UORzL�M±v9�JdVM ��IQx�UhI*R,MOI�U3MhNµR�f F+U±I�)>�µRzK¬MhFÉ¢V��� �\��¥9fµR��BMhaeX�R�K7vwaeKeI$d�A ��F��lIyb+I�U�
acL¬MhNJI6M��lF�R�acUhX�UhRzL�M·R�UVI\R�KeUVI*R�H!
gF+f�MhNJI\ÃC�BR�fJH)MONJI6¹µUVdVM�F+fJI	acd3F+f�¹µfµRzK¬R�TJTJUVFWR�XYN R�fJH�MONBIQFzMONJI$U
F+fJIgaed9F�f R �µR�dVI�KcI�x ��aDM²aed[I�fJF��Jx+N�MOF�NµR*b+I�¢Ò��� �\��¥ HJaedÒMYR�fBX�I�R�d9v�I�R�dh�JUVI�HÎR�KcF+fJx MONJI�Ã ��R�d9acd
HJacdhX��BdhdhI$H�acf dVI�XyMOaeF�f ^�A

i�F�MhNJI9v�R�acf MhNJI�F+UVI�vºdOR8
'dqMhNµRzMqacL�M��lF�RzaeUhX$UORzL�MqR�UVI ��F�MhN�aef)MONBI«iJjlk ��MhNJI � Ä�Ä �� � �+��c�O�£�$¢
NJF+KcH L�F�U�MhNJIQM���F�R�acUhX$UORzL�M��5R�fJHGMhNJI
GR�UVI[fBF�M acf MhNJI6) ��,�)/��,�� � �&) ,%�5MhNJI�f�dhI�TJR�UORzMhaeF+fGR�dqHJI$¹µfBI�H
R���F�b+I\aed±I$fJdh�JUVI�H7A

C�m



� � �³��� � ���w���·�@E���


� ��� ��&�,6& � 	 �%$�� ! / ��� 0 ,6&/� ��

Ð�fªdVI�XyMOaeF�fªm��lIwHJacdhX��BdhdhI$HªMONBIwMhF+T!��KcI$b�I�K³dORzL�IyM�
 TJUhF�T:I$UVM�
 P±NJI$F+UhI$v C�A�Ð�f MONJacd	dhI�XyMOacF+f ��Iw�·acKeK
x+aDb+IQR�f)F�b+I�UÒb'aeI$�1R�fJH dVMYR,MO�Jd·F�b+I$U�MhNJI\TJUhF'F�L�F�L�MhNJaed3MhNJI�F�UhI�v A

P±NJI3k6E E¿TJUhFzMOF'X�F+K'�JdhI$d�MONBIlbzR�UhacF+�Jd�I�fWMOU�
9UVI�x+acF+fJd Rzd���I�KeKBR�d�MhaevwaefJx�d¬MhF6HJIyMOI�UVv�acfJIÊacL5R�X$X�I$dhd
dhNBF+�JKeH ��I±x+UhR�fWMOI�H �>R�fJH«MONJacd aed�UhI � I�X$MhI�Hwaef²MhNJI±TJUhF'F�L����·NBI�UhI±��I±X�F+fBdhaeHBI�U�TµR�acUhd FzL"RzaeUhX$UORzL�MB�µR�dVI�H
F+f�MONBI�aeU·I$f>MhU�
�UVI�x+acF+fJd·R�fBH'&zF+U±�·NJacXYNGdÒMYR�x+I	FzL � acx+NWM±MONJI%
)R�UhIQRzM�A³{µF+U±Iy|BR�vwTJKeI��BMONBIQKcI�vwvgR

È³%�&ª&ª= � � ¢V�����y��» ¼�¼ ½�½3

� Ä�Ä � � �-�W�.�,� ��� �,� � ���¿�O�_� � ¢Ò��� �� �	�,�
¢h�W�q�  �$¤��£�B¥��'� !��� �"� !�,� � ���
� e��¤�� �B¥'¼ �>� !��� � ��+  �$¤��£�B¥'½ �>� !��� � �V���
��¥+� � ¢Ò��� �� �	���.�,� ��� ��� � � �
�Y� Á��$� Ã �W��¦ � �,� � ���À�Y� Á��$� Ã �W��¦ � �,� � �

� ¢h������� » ¢Ò���,���������¡��'� ��!��� � �'�W� !�,� � ����¦V� � �"!��� � �'�W� !�,� � ����¦V�h�

Iy|�TJUVI�dVd�MONJRzM�acL>M��lF R�aeUVX�UhRzL�M ��F�MONQI�fWMOI$U�MhNJUhF��Jx+N\UhI$x+aeF+f � �*�·acMhN\MhNJI³MOaevwI dVI�TµR�UhRzMOacF+fJd¬UhI)>�JaeUVI�H � 

MONBI9TJUVF�MOF'X�F+K¬RzfJH ��F�MON � 
 dVMhUOR�acx+NWM�L�UVF+vÀMONBI�aeU�I�fWMhU�
 T:F�aefWM·MOF�MhNJI[¹�| �5MONBI�f dVTµR�X�aeR�K�dhI$TµR�UhRzMOacF+f
aed[vgRzaefWMYR�acfJI�HªR�d²KcF+fJx R�d �:F�MhNÎR�aeUVX�UhRzL�M²RzUhI�acf�UhI$x+aeF+f �QA�p6fJX�I�MhNJIg¹µUVdVMwR�acUhX�UhRzL�M[UhI*RzXYNJI�d«MONBI
��!����� ¼ �7aDM	R�X)>�JaeUVI�d6MONBI«P@��R�fJH R�fBF�MONJI$U6KeI$v�v�R�acd6�JdVI�H MOF�NµRzfJHJKeI[MONJacd6X*R�dVI�A9i�aefBX�I9MhNJI«TJUhF'F�L³acd
d�
'vwv�IyMOUVaeX*RzKµaef�MhNJI X�R�dhI��·NJI�UVI ��F�MONgR�aeUVX�UOR,L�M�I$fWMOI�UÊMONJUVF+�Jx+NgUhI�x�aeF+f�Ï �>MhNJI KcI�vwvgR	¢V�����y��» ¼�¼ ½B½
aed±dÒMYRzMhI�H dhFÉMONµR,M·acM·X�F�b�I�Uhd ��F�MON)MONJI$dhIQX*R�dVI�d$A

P±NJI3TJUVF�FzLµF�L5P±NJI$F+UhI$v�ClMOR���I$d�MONBIlL�F+Uhv§F�LµR K R�UVx+IÊX*R�dVI3dhTJKcacM�A�P±NBIlL�F+KeKcF��·aefJx·MYR��BKeI�d�aefJHBaeX*R,MOI�d
MONBI±HJa#�:I�UVI�fWM³X*R�dVI�d�MOF�x+I$MhNJI�U��·aDMON²MhNJI±fµR�vwI�d�F�L5MhNJI±KeI$v�v�R�d�X�F�b+I$UhaefBx\MhNµRzM³X�R�dhIzA P±NJI±MYR��BKeI�d R�KedVF
dhNBF��·d3MhNJI TBUhF'F�L�dVMORzMO�BdlL�F+UlI�R�XYN�KeI$v�v�R �>oÎaefJHBaeX*R,MOI�d³MONJRzMlMhNJI6TJUVF�F�L7F�L�MONJIqKeI$v�v�RQacdlX$F+v�TBKeI$MhI��
� aefJHBaeX*R,MOI�d3MhNµRzM·aDM·aed±fJF�M�A

{�aeUVdVM��JMONJI\TJUVF�F�L�F�L�P±NJI�F+UVI�v C\X�F+fWMOR�aefJd±MhNJIQMhNJIQX*R�dVI�d�KeaedÒMOI$H acfGP�R��JKcI«C+A�P±NJaed·dhNBF��·d�MONµR,M
L�F+U\MONJIwX*RzdhI�d9UhI�x+R�UhHJacfJx UhI�x�aeF+fJd!� R�fJHªÏ¾Iy|�X�Kc�JdhaDb+I�K�
 MONJI�TJUhF'F�L�d[R�UhIwX�F+vwTJKcI$MOI$H ���·NBI�UhI�R�d[L�F�U
MONBI9X*RzdhI�d X�F�b+I$UhaefBx�UhI$x+aeF+f�E R�fBHGMONBI9vwaD|�I�HGX*R�dVI�d6F�L UhI�x�aeF+fJd �§R�fJH�ÏD�:R�fJHGUhI$x+aeF+f E R�UVI[fJFzM

+IyM TBUhF�b+I$f7A

{µ�JUVMhNJI�UVv�F+UVI�� MhNJI TJUhF'F�L[F�L9MhNJI KeI$v�v�R�¢h�����$�.» Á+�z�YÂ �B¥ Ã aed*�µRzdhI�H F+frMONJI X*R�dVI dhTJKcacMOd)acf
P�R��JKeI[^�A � I\dhI�IQMONµR,M�R�KeK"MhNJIQX*R�dVI�d·�·NJI�UVI ��F�MONGR�acUhX�UhRzL�M�R�UVI[RzKeUhI�R�H 
gF+f MhNJIQPSNµR*b+I[X�F+vwTJKcI$MOI
TJUVF�F�L�d$A

{�aefJR�KeK�
��>MONJI\TJUVF�F�L�F�L�KeI$v�v�R � �����$�.» �Q� 0z��¡ Ã¾acd �µR�dVI�H�F�f)MhNJI\X*R�dVI[dVTJKeaDMOd3KcaedÒMOI�H)acf P�R��JKcI\@BA
�qI$UhI ��I6dVI�I MhNµRzMlMhNJI6vwaD|�I�HgX*R�dVI�dl�·NJI$UhI6F�fJI	R�acUhX�UhRzL�M�aedÊF+fgMONBI6P R�fJHgMhNJI F�MhNJI�UlF+fJI acdlfJFzM(
+IyM
F+f�MONBIQP NµR*b+IQfJF�M ��I�I�f TJUVF�b�I�f7A

Ð�fSMONBI fJI°|'M dhI$X$MhaeF+fJd �lI �·aeKcK6HJaedVX��JdVd aef dhF�v�I v�F�UhI HJI$MOR�aeK	dVF+vwI F�L9MONJI X*R�dVI�d�[fµRzv�I$K#

¢V�����y��» ¼�¼ ½B½ ��dhI�XyMOacF+f s�A_^+�9��¢V�����y��» Á����YÂ �B¥ Ã��.dVI�XyMOaeF�f s�An@W�	R�fJH ¢h�����$�.» ¼"�'½�� ��dhI�XyMOacF+f s�Aut>�°A�Ð�f
dhI$X$MhaeF+f)s'A�]Q��I6TJUVI�dVI�fWM·dhF+vwI F��JdhI$UVbzRzMOacF+fJd±R��:F+��MlF+fBI6X*R�dVI6aefWb�F+Kcb'aefBx9F+fJI6R�aeUVX�UOR,L�M�F�f�MONJIqP RzfJH
MONBI[F�MhNJI�UqF�� F�L MhNJIQP	A7i�F�v�I\vwaefJF+U±vwF'HJac¹µX�RzMOacF+fJd3MhF�MONBI[vwF�HBI�Ked±�·acKeK ��I[fJI$X�I$dhdORzU�
�MhF�NJR�fJHJKcI
MONBaed±X*RzdhI�A

C�s




qR�v�I	FzL�KcI�vwvgR j3R�dhI+�.dY�±X�F�b�I�UhI$H i'MORzMO�Jd
¢V�����y��» ¼�¼ ½�½ !�,� � R�fJH !�,� � R�UVI �:F�MhNSacf UVI�x+acF+f �ÓF+U,��F�MhN acf

UhI�x�aeF+f Ï
o

¢V�����y��» ¼ �W½ ½'�W¼ !�,� � aed�aef[UhI�x�aeF+f!�Î�·aDMON\|[bzR�Kc�JI³F�LµI$f>MhU�
[T:F�aefWM�KcI�dVd
MONµR�f�F+UqI)>�µR�K¬MOFg¢Ò��� �\��¥wR�fBH !��� � acdqacf�UhI$x+aeF�f�Ï
8�p	U±d�
'v�vwI$MhUhaeX��·acMhN !�,� � acf�UhI$x+aeF+f�Ï R�fBH !��� � acfUhI�x�aeF+f �

o

¢V�����y��» ¼�½ � ½�¼ � i�aevwaeKeR�U�MOF[¢h�����$�.» ¼ �W½ ½ �+¼ � �J�BM��·acMON�I�fWMOU�
gT�F+acf>M
F�L !��� � UhI$dVMhUhaeXyMOI$HGacfJdVMhI*R�H F�L !�,� �

o

¢V�����y��» ¼:��½z� !�,� � aed\acf UVI�x+acF+f � R�fJH !�,� � acdQacf UVI�x+acF+f Ï � �:F�MhN
�·acMON R��BdhF+Kc�BMOI�bzR�Kc�JI F�L	| bzR�Kc�JI F�LQI$f>MhU�
 T�F+acf>M
x+UhI�RzMOI$U·MhNµR�f)F+U·I�)>�µRzK7MOF � � � � � �

�

o

¢V�����y��» Ä ¢V�W� � �- �,¡��������z¥�� !�,� � R�fJH !�,� � R�UhIqaefÉMONJIqdOR�vwI�F+UlRzH0/hR�X�I$fWM3TµR�UÒMOd�F�LUhI�x�aeF+fGE
�

¢V�����y��» Ä ¥���¥ �,¡��������z¥�� !�,� � R�fJH !�,� � R�UVI$��F�MON aef UhI$x+aeF+fªE � �J�BM[aef fJF+f��
R�H0/hR�X$I�fWM�TµR�UVMhd

�

¢V�����y��» Ä ¼�½ !�,� � aed)acf UVI�x+acF+f E � !�,� � acf I$acMhNJI�U)UhI$x+aeF�f �ÓF�U
UhI�x�aeF+f Ï

�

¢V�����y��» ¼�½ Ä !�,� � acd±aef)UhI$x+aeF+f �SF�U±UhI�x�aeF+f Ï � !�,� � acf�UhI$x+aeF+fGE �

¢V�����y��» Á����YÂ �B¥ Ã !�,� � R�fBH !��� � R�UhI ��F�MON)F+f�MhNJI\P o
� �����$�.» �\� 0z��¡ Ã p	fBI[RzaeUhX$UORzL�M3NµR�d·UhI�R�XYNJI�HGP@�JMONJI\F�MhNJI�U·NµRzd�fBF�M �

P�R��JKeI«C�7�j3R�dVI�d�aef�MhNJI\TJUhF'F�L�F�L�P±NBI�F+UVI�v C


qR�v�I	FzL�KcI�vwvgR j3R�dhI+�.dY�±X�F�b�I�UhI$H i'MORzMO�Jd
Á,��¢V� �>¥�¡ /�¥,�-� !�,� � acd±F+f ¹JfµR�K¬R�fJH !��� � aed±F+fGR �µR�dVI�KeI$x o
�B¥ ��� �+¢Ò� �$�3�¥��� !�,� � R�fJH !�,� � R�UhI�F+fgR[X�F�UhfJI$U��JRzd�HJI$dhX$Uha2��I�HgaefwdhI�X9�MOaeF�fG@�A_@

o

Á����YÂ �B¥ Ã /:¥,�-� !�,� � R�fBH !��� � R�UhI ��F�MON)F+f�¹µfJR�K o
Á����YÂ �B¥ Ã ¢h�W�q� !�,� � R�fBH !��� � R�UhI\F+f�MhNJI\dOR�vwI@�µR�dVI�KeI$x o
Á����YÂ �B¥ Ã ¥���� ¢V�>�q� !�,� � R�fBH !��� � R�UhI\F+f)F+TBT:F+dVacMhI@�µR�dhI$KeI$x+d o

P�R��JKcI[^!7Êj3R�dhI$dqacf�MONJI\TJUVF�F�L�F�L�KeI$v�v�R²¢V�����y��» Á����YÂ �B¥ Ã

C�~




qR�v�I	FzL�KcI�vwvgR j3R�dhI+�.dY�±X�F�b�I�UhI$H i'MORzMO�Jd
¢V�����y��» Ã Ä !�,� � acd±F+f MhNJI\P@� !�,� � acd±aef)UhI$x+aeF�f E �

¢V�����y��» Ä Ã !�,� � acd±aef)UhI$x+aeF+fGE � !��� � aed±F�f)MhNJI\P �

¢V�����y��» Ã ¼�½ !�,� � acd±F+f MhNJI\P@� !�,� � acd±aef)UhI$x+aeF�f �ÌF+U±UhI$x+aeF+f Ï �

¢V�����y��» ¼�½ Ã !�,� � acd±aef)UhI$x+aeF+f �SF�U±UhI�x�aeF+f Ï � !�,� � acd±F+f�MONJI\P �

P�R��JKeI\@ 7�j3R�dVI�d�aef�MONBIQTBUhF'F�L�F�L�KcI�vwvgR � �����y��» �\� 0z�$¡ Ã

� ��� � /)� �%$ � $ � ��� � ��� ��� ���

Ð�f«MONJacd dhI$X$MhaeF+f �z�lI±�·aeKcK�TBUhI�dVI�fWM³MONJI �JR�dhacX3aeHJI�RF��I�NJacfJH«MONJI3TBUhF'F�L�F�L5MONJI±X�R�dhI3�·NJI$UhI ��F�MONÉRzaeUhX$UORzL�M
R�UVIqacf�UVI�x+acF+f � F+U³UVI�x+acF+fgÏ�A>P±NJacd�acd�acKeKe�BdVMOUhRzMOI$HÉaefÉ¹µx+�JUVIqtJA�i�aefJX$IqacfwMhNJaedÊX*RzdhIqMhNJIqR�aeUVX�UOR,L�M�NJR�b�I

{�acx+�JUVI6t 7�k TBTJUhFWRzXYN o�R,MONJd±L�F+U�j3R�dVI � �

fJF�MqUhI�R�XYNJI$H�MONJIQP@�µMONJIQdhT�I�I$HJd	R�UVI[X$F+fJdÒMYR�fWM R�fJHGMhNJI ��!�,� � ���	L��JfBX$MOacF+f dhaevwTJKcac¹µI$d3MOF�MhNJIQv�F�MhaeF+f
F�L RÉTJR�UVMhaeX�KcI	F+fGRwdÒMOUORzaex+NWM·KeacfJI�A³Ð�f L.R�X$M��µacM·aed±T�F+dVdha2�BKeI	MOFwUhI�R�dhF+fGR���F+�BM�HJacdVMYRzfJX�I$dqacfGR«MOUVa R�fBx+KeI
UOR,MONJI$UÊMhNµR�f�R��:F+��MlT�F+aefWMhd�vwF�b�acfJxQaefg^�` dVTµR�X�I R�dlacKeKc�JdVMhUORzMhI�HÉaefÉ¹µx+�JUVI	]�A�P±NJI TµRzUOR�vwI$MhI�UhdÊ�JdVI�H
aef�MhNJI	¹µx+�JUVI[RzUhI	HJIy¹µfJI�H�R�d±L�F+KeKcF��·d�7

C��



{�aex��JUhIQ]!7�kC�JdVMhUOR�XyMOacF+f)P�F�`6aedÒMYR�fJX$I�d±acfGR«P�UhaeR�fJx+KcI

¦ X$KeF'X �gMOacv�I���¦ 3 �«�·NBI�f�dVI�X$F+fJH RzaeUhX$UORzL�M3I�fWMOI$Uhd i�k�P�i RzaeUhdVTµR�X$I
� MhaevwI HJI�KeR8
 �:IyM��lI$I�f �·NJI�f ¹µUhdÒM�RzaeUhX$UORzL�M�I�fWMOI$Uhd�i�k�P�i RzaeUhdVTµR�X$I R�fJH

�·NJI$f�dVI�X�F�fJH R�acUhX$UORzL�M±I$fWMOI�UVd�A
¢Ò��� �\��¥ dVI�TµR�UhRzMOacF+f�vwaefJacv²�Jv A�P3��FÉR�acUhX�UhRzL�M�dhNJF+�BKeH�fJIyb+I$U±x+I$MlX�KeF�dhI�UÊMONµRzf�MONJacd

HJacdVMOR�fJX�I���I�AuxJAÊ@ÉvwaeKcI�dO�yA
�(� X$F+fJdVMOR�fWM dVT:I$I�HGF�L�MhNJI	¹µUhdÒMqR�aeUVX�UOR,L�M
�$� X$F+fJdVMOR�fWM dVT:I$I�HGF�L�MhNJI	¹µUhdÒMqR�aeUVX�UOR,L�M � dÒMYR�UÒMOaefBx«HJaedÒMYR�fJX$I\F�L¬¹µUhdÒM RzaeUhX$UORzL�M�L�UhF+v�MONJI	Ð�k { �.aefBacMOaeR�K�R�TJTJUVFWR�XYN)¹B|J� � dÒMYR�UÒMOaefBxGHJacdVMOR�fJX�IwF�L±dVI�X$F+fJH R�acUhX$UORzL�M	L�UVF+vÓMONJIwÐ�k6{ �.acfJacMha R�K�R�TJTJUVFWR�XYN

¹B|J�
�ªI�dV�·aDMOXYNgMhF9R\KeF'X*RzKBMOacv�I3MÊ�·NJaeXYN�aed³dhIyM�MhF9�	�·NJI$fgMONJI�dhI$X�F+fBH�R�aeUVX�UhRzL�M³I�fWMOI$UhdÊMONJIqR�aeUVdhTµRzX�I�A

i�acfJX�I R�aeUVX�UOR,L�MqC I�fWMOI$UhdlMhNJI	i�k�P�i�RzaeUhdVTµR�X$I � dVI�X$F+fJHJd ��I$L�F+UVIqMhNJI dVI�X�F�fJH)R�aeUVX�UhRzL�M8�WMONBI L�F+KeKcF��·aefJx
I�)>�µR,MOaeF�fJd�HBI$¹µfJI MONJI$aeUÉUhI$vgRzaefJacfJx HJaedÒMYR�fBX�I�dÉMOF MONJI Ð�k6{�A��:��¦V�Éacd«MONJI UhI$vgR�acfJaefBx HBaedVMOR�fJX$I)L�F�U
R�acUhX�UhRzL�M	CQR�fJH��,��¦V�3aed3MhNJI\UhI$vgR�acfJaefBx«HJaedÒMYR�fJX$I6L�F+U·R�acUhX�UhRzL�Mq^!7

�:��¦V� 3  � � �(� � � 1Î¦V�
�,��¦V� 3  � � �$� ¦

� dVaefJx[MONJI	Ï¬R*�Sp L�jlF+dhacfJI�d�BMONJI HJaedÒMYR�fJX$I ��I$M���I�I�f�MhNJI M���FÉR�aeUVX�UOR,L�M±RzM�MOaevwI·M3X*Rzf*�:I6X$F+vwTJ�BMOI$H
R�d±L�F+KcKeF��·d�7

� � ��¦V� 3 � � ��¦V�21�� � ��¦V� � ^�����¦V���,��¦V� � � �	�
�·NJI$UhI � aed3MONBI[RzfJx+KeI\R,M±MONJI\Ð�k6{�AP�FwI�dÒMYR��BKeaedVN)x+I�F+vwI$MhUhacX6dhI$TµR�UOR,MOaeF�f �J�lI\v²�BdVM�dhNJF�� 7

^��



P �q´�p#��´ÊE 75Ð�{ � � ¦ 5����� � � � P � ´ 
 � ��¦V� 7 ¢Ò��� �Q�_¥
� IQUVI�vwI�v ��I�U3MhNµRzM � � )�� ���
	 � )��gL�F�U±fJF+f!�®fJI�xWR,MOacb�I � � �3��dhFwKeIyM��ud�KcF�F��gRzM � �,��¦V�97

� � ��¦V� 3 � � ��¦V�21�� � ��¦V� � ^ �:��¦V���,��¦V� � � �	�
) � � ��¦V�21�� � ��¦V� � ^ �:��¦V���,��¦V�3 � ����¦V� � �,��¦V�V� �

P±N>�Jd��5aDL���I\X*R�f I�dÒMYR��JKcaedVN

� ��¦V� ) � ����¦V� � �,��¦V� � ) ¢Ò��� �\��¥
��I9R�UVI	HJF+fJIzA

�ªI\X�R�fGdVaevwTJKeaDL1
ÉMONJI	L�F+UVv²�JK RzdlL�F+U ����¦V�±R�fJH��,��¦V� �+
��JdVaefJxÉMONJI	L�F+KcKeF��·aefBx²dh� �BdVMOaDMO�BMhaeF+fBd�7
 3  � �  � � �(� �

� 3 �$� � � �

P±NJI$f
� ����¦V� � �,��¦V� � 3 �  � � �(� � � 1Î¦V� � �� � � �$� ¦V� �3 �  � �  � � �(� � 1S�

�$� � �(� ��¦V� �3 �  1 � ¦ �
P±N>�Jd��5aDL���I\X*R�f I�dÒMYR��JKcaedVN

�  1 � ¦ ��) ¢V��� �Q�_¥ ��^��
��I9R�UVI	HJF+fJIzA �ªI\X*RzfGHJI$X�F+vwT�F+dhI	MONBaed±TJUVF�F�L �+
)RÉdhaevwTJKcI6X*R�dVIQR�fµR�K�
�dVaed7

� � 5 �$� �(� ) � � � �  � j3R�dhIwC j3R�dVIQ@ � 7  � j3R�dhIwC j3R�dVI\t
�ªI	�·acKeK7acKeKe�BdVMOUhRzMOI�MONJI\TJUVF�FzL�F�L�X*RzdhIQ@�RzfJH)X*R�dVI[tJA

¶�� � � � 89=J#�% /
� ���	��
°A³{5UVF+v�MhNJI\X*R�dVI9@«TJUVI�vwaedVI�d��J��I\NµR*b+I�7

 � �  � � � � ) �$� �  3  � �  � � � � � � � 3 �$� � �(� �
����������� �� ���  ��� � �"���$��� � �

P±NJIQTJUhI$v�acdhI � Ä�Ä ��� acd±HJI$¹µfBI�H Rzd·L�F�KeKeF��·d
����� ���g�� ���  �����(�����$��� � �(' � )!� �\��¥��� ���  � ���(�����$� � � � � �$� �� � � �(� � � �*) ¢Ò��� �\��¥

^�C



Ð®M¬L�F+KeKcF��·d7MOUhaDb'a R�KcK#
±L�UhF�vSMONJI�MhF+T!��KcI$b�I�KWTJUVI�vwaedhI � Ä�Ä �� � �+��c�O�£�$¢¬L�F�U¬MhNJaed�dVacMh�µRzMOacF+f7A¬P±NJI³L�F+KeKcF��·aefJx
KeI$v�v�R9NJF�KeHJd7

¢V�>�q� e��¤�� �B¥��>� !��� ��� !��� � � �Å�  �$¤��£��¥'¼ �W� !��� � ��+  ��¤'�£�B¥'½ �'� !�,� � �h���
� Ä�Ä �� � �+��c�O�£�$¢��'����� ��� ��� � �

�DÄ���½ ��� �
� Ä�Ä �����.¡B�£¢���� !��� ��� �qÂ+� �zÂ ������� !��� � �V� �

¡B� ¢Ò��� !��� � � ��Â+�£�zÂ �£����� !��� � �h� �
!��� � ��� ��� !�,� � ��� ��� �,¥��"e» �O���q�W�.�,� � � � �z¥��"e» �O�_� �>�.�,� � �h�

�·NJI$UhI !�,� � ��� �-� !��� � ��� � R�UhI6MhNJI\x+UhF+�BfJHGdVT:I$I�HJd�F�L�R�aeUVX�UhRzL�MOd	CQR�fJH�^²UhI$dhT�I�X$Mhacb�I�K#
�A
�ªI	�·acKeK7TJUVF�b+I\KeI$v�v�R)��^+�lacf�M��lFwdVMhI�TJd7

�  �3) ¢Ò��� �\��¥ ��@+�

�  1 � ¦ ��)��  � �.tW�

R�fJH � �\��¥9dhaevwTJKcac¹µI$dlMOF 7

� �\��¥��� ���  � ���(�����$� � ' � �� � 7  � � �(� 7 � � Ã �����
�.¢Ò��� �\��¥41S�� � �  � �V��� �(�

�"½ � �
¢Ò��� �Q�_¥��

�(�
� �� !� �

3 ¢Ò��� �\��¥�
�(�

{�aeUVdVM±��I[fBI�I�H)MOFÉI$dVMYR��JKeacdhN dVMOI$T C�7

�  �3) ¢V��� �Q�_¥

i�acfJX�I � �\��¥B�� ���  � ���(�����$� � 3 ¢Ò��� �\��¥��
�(� R�fJH � 7 3 � �Q�_¥��� ���  �����(��� � � �3��I\F��BMOR�aef 7

�(� � ) ¢Ò��� �\��¥

{µUhF+v�MONJIQR�dVdh�JvwTBMhaeF+fJd3��IQdhI�I\MONJRzM  5 �!�JdhF

�  � 3 �  3  � �  � 1 �(� �
)

�(� �
) ¢Ò��� �\��¥

^+^




qF��ÌR�KeK"��I\NµR*b+I\MOFÉHJFwaed±I$dVMYR��JKeacdhN)dVMhI�T ^�7
�  1 � ¦ ��)��  �

�l�BM·L�UVF+v�MhNJI\X*R�dVI9@«TJUVI�vwaedhI$d�7 ��I[NJR�b�I � � �ÉR�fJH NJI�fJX$I � ¦ � �BA³P±N>�Jd
�  1 � ¦ � 3 �  � � ¦

) � 3 �  �

R�fJH)��I[RzUhI\HJF+fJIzA

¶�� � � � 89=J#�% �
� ���	��
°A³{5UVF+v�MhNJI\X*R�dVI[tÉTJUVI�vwaedVI�d��J��I\NµR*b+I�7

 � 7  � � � � ) �$� �  3  � �  � � �(� � � � 3 �$� � �(� �
����������� �� ���  �����(��� � � � � �

{�acUhdVM±��I	�·aeKcK7I�dÒMYR��JKcaedVN)MhNµRzM
�  1 � ¦ ��)��  � ��]��

P�F dVI�IGMhNJaed«��I�fJFzMOI�MONµR,MwMhNJIGR��JdhF�Ke�BMhI)bzR�Kc�JI�L��JfJXyMOaeF�f R�XYNBaeI$b�I�d�acMOdÉvwaefJacv²�Jv RzM ��I$UhF �lMhN>�Jd
�  1 � ¦ �¬aed²R v�acfJaev²�Bv �·NBI�f � ¦ 3 �  � � ��A {5F�U9bzR�Ke�JI$d«F�L·¦9x�UhI*R,MOI�U[MONµR�f MhNJaed9��I)NµR*b+I�MONBI
UhI$K RzMhaeF+fBdhNJacT ¦ � � ¦ � � �  1 � ¦ � � � �  1 � ¦ � ��A P±N'�Bd�� L�UVF+v �  � � � � � ¦w�lI F���MYR�acf
�  � � �  1 � ¦ � �JMhNJI\HJI�dVaeUhI$HGUVI�dV�JKcM�A�
�F��ÌIy|�TµRzfJHJaefBx ����������� �� ���  ��� � �"���$��� � ����I[x�I$M

� )Z�� � �  � 1 ¢Ò��� �\��¥z��� � �
RzL�MhI�U²X$UhF+dVd���v9�JKcMhaeTJK�
�acfJx)�lI�dVaevwTJKeaDL1
 R�fJHÎF��BMOR�aefª� ) � �(� � 1� � �  � 1 ¢Ò��� �Q�_¥>A � dhacfJx MONBI
HJIy¹µfJacMhaeF+f)F�L  ��IQx+I$M �  )r¢V��� �Q�_¥«R�fJH NJI$fJX�I �  �3)r¢Ò��� �Q�_¥>A�jlF+v �JacfJaefJx²MhNJaed·UVI�dh�BKcM±�·acMhN
��]���¹µfJaedVNJI�d·MONBIQTBUhF'F�L�A

� � � � /)� �%$ � $�� � ��� ��� �
Ð�f MONJacdQdVI�XyMOaeF�f ���lIwTJUhI$dhI$f>MQMONBI �JR�dhacXwacHJI*R�F�LÊMONBI�TJUVF�FzL�FzLlMONBIwX�R�dhI$dQ�·NBI�UhI ��F�MON R�aeUVX�UhRzL�M\R�UVI
X��BUhUhI$fWMOK#
�F+f MhNJI\P@7
È³%�&ª&ª= / � ¢V�����y��» Á����YÂ �B¥ Ã*


�O���q� ¢V��� �� �	�,� � Ä�Ä ��� ���W����� ��� ��� � ���
�Y� �B¥ Ã ��¦ � ��� � ���¿�Y� �B¥ Ã ��¦ � ��� � �
�
¢h������� » ¢Ò���,�� �����$¡��B� ��!�,� � ����� !��� � �$��¦V� � ��!�,� � �'�W� !�,� � ����¦V�V�

^�@



� ���	��
°A�P±NJI[TBUhF'F�L�F�L�MhNJaed±KcI�vwvgR9acfWb+F+KDb+I�d·twX*R�dVI�d7
C+A��lFzMON R�aeUVX�UhRzL�M·F+f)dOR�vwI	KeI$xÉF�L�MhNJI\P
^�A·kqaeUhX$UORzL�M±R�UhI\F+f)F+TJT�F+dVacMOI	KcI�x+d·F�L�MONBIQP
@BAqp6fJIQR�acUhX�UhRzL�M±acd±F+f ¹JfµR�K�R�fBH MhNJI\F�MONJI$U·aed±F+f RÉKeI�x
tJA��lFzMON R�aeUVX�UhRzL�M�R�UhI	F�f ¹µfJR�K�A

� I\�·acKeK:aeKeKc�JdVMhUORzMhI MONBIQTBUhF'F�L�F�L�MhNJI	¹µUhdÒM X�R�dhI�7

Á����YÂ �B¥ Ã ¢h�W� � 7¬½ �7Ä�Ä � ½ ��Ã %& � 3 ��!��� � �'�W� !�,� � ����¦V� �
%& � 3 �"!��� � ���+� !��� � �$��¦V� ���

¢V�>�q� Á,��¢V��� �$¤���� & ��� & � ���
� Ä�Ä �� � ��¢��'����� ��� �,� � ���
�Y� �B¥ Á,�,¢Ò��� ��¤��'��¦ � ��� � ���¿�Y� �B¥ Á,�,¢Ò��� ��¤��'��¦ � ��� � �
�DÄ���½ ��� � ¢h������� » ¢Ò���,���������¡��'� %& ��� %& � �

P�F�I$dVMYR��JKeacdhN�MONJI\X$F+fJX�Kc�JdhacF+f �JaDM±dh�!��X$I�d�MOFÉdhNJF��ÌMhNµRzM
¡B�£¢��$� & ��� & � � ) ¢V��� �Q�_¥

i�aefBX�I �:FzMON R�aeUVX�UhRzL�M·R�UVIQF�f MhNJI\dOR�vwI	KeI$x �B��IQNJR�b�I
¡B�£¢���� & ��� & � � 3 ¡B�£¢�� ¤+�B¥��+����� � �$��¦V� � ¡B� ¢Ò� ¤+�B¥��+����� � �$��¦V� ��m+�

�.P�F)dhI$I²MONJacd6L�F+U MONBI«X*R�dVI²�·NJI�UVI ��F�MhN RzaeUhX$UORzL�M6R�UhI9F+f Á,�,¢Ò��� ��¤µ¼ �7fJF�MhI²MONµRzM & � 3 ��!�,� � �'�W� !�,� � ����¦V�
dhacv�TBKeac¹JI�dlMhF � ��� �B¥ � �$¤µ¼ ��¡B�£¢�� ¤+�B¥��+����� � ����¦V�h�3R�fBH & � 3 �"!��� � ���+� !��� � �$��¦V�ldhacv�TBKeac¹JI�dlMhF� �'� ��¥ � ��¤J¼ �.¡B� ¢Ò� ¤��B¥��W�.�,� � ����¦V�V�yA � dhaefBxÉMhNJI\HJI$¹JfJacMhaeF+f)F�L � �'� �B¥ � ��¤µ¼ �B��I[NµR*b�I

& � ��3 ¡B�£¢�� ¤+�B¥��+����� � �$��¦V�21 �£��� ¼ �
& � 	 3 ����� ¼ 	
& � ��3 ¡B�£¢�� ¤+�B¥��+����� � �$��¦V�21 �£��� ¼ �
& � 	 3 ����� ¼ 	

L�UhF�v��·NJacXYN��.mW�3aed±F��BMOR�aefBI�H7A_�
� 
�HJIy¹µfJaDMOaeF�f FzL�¡B� ¢Ò� ¤+�B¥��6��IQNµR*b+I

¦ 3 �Y� � ��������� � ��� � � � � ¡B� ¢Ò� ¤+�B¥��+����� � �$��¦V� 3 � �
¦ 3 �Y� � ��������� � ��� � � � � ¡B� ¢Ò� ¤+�B¥��+����� � �$��¦V� 3 � �

� dVaefJxÉKcI�vwvgR²Ã  ¢V�����y��» �����3��s+�9�B�lIQNµR*b+I
� � � � � 3 ¡B� ¢Ò� ¤+��¥��W����� � �$��¦V� � ¡B� ¢Ò� ¤+��¥��W����� � �$��¦V� ) ¢Ò��� �\��¥

{µUhF+v�MONJacd6Á+���YÂ ��¥ Ã ¢V�>�q�	L�F+KeKcF��·d�A

^zt



È³%�&ª&ª= � � Ã  ¢h����� ¢Ò��� �£��� 

�O���q� �£¢ �������� �£�����W����� ��� �,� � � ¦V���
�O���q� ¢V��� 
q�Q�_¥ ¢��+�$��¡ ) ¢Ò��� �\��¥,�
�O���q� ¢V���,������O�£�B¥ ��� �����"�>����� �"� �,� � ���
�O���q� ¢V���,������O�£�B¥ ��� e���'����� ��� ��� � ���
¦ 3 �Y� � ���$����� � �$� � � ���¿¦ 3 �Y�=� �����.�,� � ����� � �

�cÄ���½�� � � � � � � � )r¢Ò��� �\��¥ ��s��
� ���	��
°A³{5UVF+v¿Ã  �Y� ¢Ò��� � � ��c»��qÂ��� �

� �B7+�Y� � ���$����� � �$� �.� ) �Y�=�����$����� � �$� �.� 1Î�O���q� ¢Ò���
Ð�f TµR�UVMhaeX$�JK R�U�MONJacd±aed3MOUV�JI	L�F+U � � 7

�Y�=� ���$�.�,� � ����� � �4)¾�Y�=�����$����� � ����� � �21 �O���q� ¢V���
i�acfJX�I	�Y� � ���$����� � �$� � � � 3 �Y�=� ���$�.�,� � ����� � �lMONJacd �:I$X�F+vwI�d

�Y�=�����*�.�,� � ����� � � � �Y� � ��������� � �$� � � �*)¾�O�_� � ¢V��� ��~+�
{µUhF+v�HJI$¹JfJacMhaeF+f)F�L��Y�=�����\�ÒC��%�B��I[x�I$MQ�Y� � ���$�������$� �.� � 3 C

¢��+���$¡ ��e� / � �W�.�,� � ¡ ����� � �.� ���+�

R�fJH)dVF  �  ���Y�=� ���$�.�,�*�������4)r�BAD��I�fJX$I	�Y�=� ���$���.�laed±R�f�acfJX�UVI*R�dVaefJx²L��BfJX$MhaeF+f)R�fBH dVF � � ) � � A³{µUhF+v���+���lI[R�KedVF«F��BMOR�aef
C

�\��¥ ¢��+�$��¡ )
C

¢��+�$��¡ �� � /�� �+����� � ¡ �£��� � ��� 3  �  �5�Y�=� ���$�.�,�*�������

R�fJH)MON>�Jd

� � �
���

C
�\��¥ ¢��+�$��¡  � ) � � ����

�Y�=�����$�����������.�  �

'aeI$KeHJacfJx

� �
�\��¥ ¢��+���$¡ � � �

�\��¥ ¢��+�$��¡ )¾�Y� � ���$�������$� � � � � �Y�=� �����.�,�*��� � � �

L�F+U·R�KcK�����A�k TBTJK#
'aefBxÉMhNJaed3MhFw�,� � R�fBHG�JdVaefJxG�.~W�%�B��IQx+I$M�7
� � �'�\��¥ ¢��+���$¡ � � � �>�Q�_¥ ¢�������¡ )¾�O���q� ¢Ò���

EG�JKDMOacTJK#
'aefBx �:FzMON)dhacHJI�d �+
 �Q�_¥ ¢������$¡ 
'aeI�KcHJd
� � � � � )¾�O���q� ¢V��� 
q�Q�_¥ ¢������$¡

�l�BM·L�UVF+v¿TJUVI�vwaedVIQ^!�J�lI\NµR*b�I
�O���q� ¢V��� 
q�Q�_¥ ¢������$¡ ) ¢V��� �Q�_¥

R�fJH)��I[RzUhI\HJF+fJIzA

^+]



È³%�&ª&ª= ? �h�9( ��& #�%>- % ��%>��!�� �¬%>��% 

�O���q� ¢V���,������O�£�B¥ ��� �����"�W�.�,� ��� �,� � ���¿�O�_� � ¢Ò���,������O�£�B¥ ��� c���'�.�,� ��� ��� � �

� ��� �B7+�Y� � ���$�.�,� � ��� �.� )¾�Y� � ��������� � �$� �.�21Î�O�_� � ¢Ò����� �ÒC��W�

� ���	��
°A³{5UVF+v¿KcI�vwvgR)��C��%���lI\F��BMOR�aef

� �B7 \�Y�=�����*�.�,� � �����.� � ) \�Y�=�����*�.�,� � �����.� � � ¼

� �B7 \�Y�=�����$����� � �����.� � ) \�Y�=�����$����� � �����.� � �ÒC+C��

j3R�dVI�C�7���� �B7  �  ���Y� � ���$����� � �$� �.� )  �  ���Y� � ���$����� � �$� �.�h�97P±N>�Jd

� � � ���
�

�Y�=� ���$�.�,� � �������  � ) � � � ���

�
�Y� � ���$�.�,� � ��� �.�� �

R�fJH NJI$fJX�I
�Y�=�����$����� � ����¡ �����h� � �Y�=� ���$�.�,� � ������� )¾�Y� � ��������� � ���.¡ �£���h� � �Y� � ��������� � �$� �.�

�·I*R�UVUOR�fJx�aefJx 7
�Y�=�����$����� � �����.� � �Y�=� ���$�.�,� � �����.�*)¾�Y� � ��������� � ���.¡ �£���h� � �Y� � ���$����� � �$�.¡ �£���h�

{µUhF+v�HJI$¹JfJacMhaeF+f)F�L��O���q� ¢Ò���,�� ���O� �B¥ ��� c�����.�,� ��� ��� � �
�Y� � ��������� � ���.¡ �£���h� � �Y� � ��������� � �$�.¡ �£���h�4)¾�O���q� ¢Ò���

R�fJH)MON>�Jd±��I9RzUhI	HJF+fBI�A
j3R�dVI²^!7���� �B7  �  ���Y� � ���$����� � �$� �.� )  �  ���Y� � ���$����� � �$� �.�h�97P±N>�Jd

� �" �Y�=� ���$�.�,� � �������  � ) ���" �Y�=�����$����� � �$� �.�  �
R�fJH NJI$fJX�I

�Y� � ��������� � ��� �.� � �Y� � ��������� � �$���W� )¾�Y� � ��������� � ��� �.� � �Y� � ���$����� � �$���W�
�·I*R�UVUOR�fJx�aefJx

�Y� � ��������� � ��� �.� � �Y� � ��������� � �$� �.�4)¾�Y�=�����$����� � ���.�W� � �Y� � ���$����� � �$���W�
{µUhF+v�HJI$¹JfJacMhaeF+f)F�L��O���q� ¢Ò���,�� ���O� �B¥ ��� �£�����>����� ��� �,� � �

�Y�=�����$����� � ���.�W� � �Y� � ��������� � �$���W� )¾�O�_� � ¢V���
R�fJH)MON>�Jd±��I9RzUhI	HJF+fBI�A

^�m



� ��� � /)� �%$ � $ � ��� � ��� � � � �
Ð�fGMhNJaed±dVI�XyMOaeF�f �µ�lI\�·aeKcK7TJUhI$dhI$f>MqMONJI �µR�dVaeX\aeHBI*R �:I$NJaefBH MhNJI[TBUhF'F�L�FzL�MONBI[X�R�dhI\�·NJI�UVI[F�fJI[FzL�MONBI
R�acUhX�UhRzL�M�acd aef«UVI�x+acF+f �¾R�fJH«MhNJI·F�MONJI$U�aed acf«UhI$x+aeF+fÉÏ�A+P±NBaed�aed�acKeKc�JdVMhUORzMhI�H²acf²¹µx+�JUVIqm�A�i�acfJX�I±acf²MONJacd
X*RzdhI³MONJIÊR�acUhX�UhRzL�M¬NµR*b+IÊfJF�M�UVI*R�XYNJI$H[MhNJI³P@��MhNJI³dhT�I�I$HJd�RzUhI³X�F+fBdVMYRzf>M�R�fJH\MONBI !����L��JfJXyMOaeF�f[dVaevwTJKeaD¹µI�d
MOFQMONJIqv�FzMOaeF�fwFzL¬R[TµRzUVMOacX�KcI�F�f�R[dÒMOUORzaex+NWM�KeaefBI�A�Ð�fwL.R�X$M���aDMlacd�T�F+dVdha2�BKeI±MOF[UhI*RzdhF+f�R��:F+��MlHJacdVMOR�fJX�I$d
aef�R )>�µR�HJUVaeKeRzMOI$UOR�K¬UOR,MONJI$UqMONJR�f R���F+�BMqT:F�aefWMOdqv�F�b'aefJx�aef ^�` dhTJR�X�IzA	{µ�JUVMhNJI�UVv�F+UVI�� �:I$X*R��BdhI²MONBI
R�acUhX�UhRzL�M	RzUhI«UhI$dVMhUhaeXyMOI$H � �+
 TJUhFzMOF'X�F+K �·L�UhF�v I$f>MhI�UVaefJx�MONBI«UhI�XyMYR�fBx+�JK RzU6UhI$x+aeF+fBd	K R���I�KcKeI�H ����RzfJH
Ï��ºaef�¹µx��JUhI)m�MhNJI�TJUhF'F�L�aed )'�BacMOI�I$KeI$v�I$f>MOR�U�
�AªP±NJI$dhI UhI$x+aeF+fBd²NµR*b+I��·aeH�MON ¢Ò��� �Q�_¥��+^ dhF MONBI

path of 
aircraft 1

aircraft 2
RX LX

a

b

c = d =IAF_R IAF_L

path of 

{�aex��JUhI\m 7��·I�dÒMOUVaeX$MhI�H ��I$x+aeF�fJd

dhNBF+UVMhI�dVM�HJaedÒMYR�fJX$I.��I$M���I�I�f R�f+
 T:F+dVdha#�JKeI)MOUhR:/VI�XyMOF+U�
 acdgx+UVI*RzMhI�U�MhNµR�f ¢Ò��� �\��¥>A ��F���I$b�I�U�qMONBI
TJUVF�F�L�NµR�d ��I�I$f L�F+UVvgRzKea �$I�H�RzfJHGXYNBI�X ��I$H aef)o ¸\i�A�P±NBI �zI
 R��BdVMOUhR�X$M�KcI�vwvgR9�lR�d�7

� ��� � �  � ) � �
� ��� � � � � ) � �
� ��� � ¢V��� �\��¥,�  � ) ¢V��� �\��¥,�
� ��� � ¢V��� �\��¥���^ � � � ) ¢Ò��� �Q�_¥��+^ �
� 	 ) � 	 � 	 ) � 	 �
�B¥ ¢V�$¤B�q�z¥����'��%� � %� � %& � ���
�B¥ ¢V�$¤B�q�z¥����'� %� � % � %& � �
� ¡B� ¢Ò��� %& ��� %& � �4) ¢Ò��� �\��¥

^+s



P±NJI6TBUhI�vwaedVI�dÊ�·acMONwMONJIqTJUhI$HJaeX�RzMOIq�B¥ ¢Ò��¤B�q�z¥���$\X�F+fJdÒMOUhR�aef�KeF'X*RzMhaeF+fJd %& � R�fJH %& � MOF ��I dVF+v�Iy�·NJI�UVI
F+f�MONBIQKcaefJI	dVI�x+vwI�fWMhd·L�UVF+v %�ÉMOF %�6R�fJH %�qMhF %� UVI�dVT:I$X$MOaDb+I$K#
+A

Ð�fWMOI�UVI�dÒMOaefBx+K#
��+�lI±F+UVaex+acfµR�KcK#
6I°|�T:I$X$MOI$HwMhF@�:I3R��JKeIÊMOF	TJUVF�b+I3MONBaed�MhNJI�F+UVI�v§�·acMhNJF+�BM MhNJI3UVI�vwF�bzR�K
F�L�MONJIÊUhI$dVMOUVaeXyMOI�H ��F+fBI�d�A�P±NJI�L�F�KeKeF��·acfJx3aef�L�F+Uhv�R�KWR�UVx+�JvwI�fWM¬�3Rzd�X$F+fJX�I$acb�I�H«R�d¬acKeKe�BdVMOUhRzMOI$H\aef\¹µx+�JUVI
s�A i�acfJX�IwMONJIgR�aeUVX�UhRzL�MQR�UhI�F+Uhacx+aefJR�KeK�
GdVI�TµRzUORzMhI�H RzMQMONBI�aeUQI�fWMhUOR�fJX$IgMOacv�I$dQR�fJHªMhNJI�TJRzMONJd[I�aDMONJI$U
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path of 
aircraft 1 aircraft 2

path of 

{�aex+�BUhI\s!7Êi'F+v�I\´�UVUhF+fJI$F+�Jd�P±NJaef �'acfJx

HJaDb+I�UVx+I\F+U·X�F+fWb�I�Uhx�I �J��MqfBI$b+I$UqX$F+vwIQX$KeF+dVI�U3MhF+x+I$MhNJI�U±MhNµR�f)MONJI\KeI$fJx�MhN FzL F+fJI\F�L�MONBIQKcI�x+d±FzL�MONBI
P@��MhNJI
9v²�JdVM��:I·R�HBI�)>�µRzMhI�K#
9dhI$TµR�UOR,MOI�HÉfJF	v�RzMVMOI�U��·NµRzM MhNJI±UhI$K RzMhacb+IldhT�I�I�HBd�RzUhI�A � fBL�F�UVMO�BfµRzMOI$K#

MONBaed �����3! ��� ��1��	� �&� �-,
��� ��MONJI$F+UhI$v$"²acdÊL.RzKedhI�� �rNµRzMlMONJIqaefBL�F+UVvgRzKµUhI*RzdhF+fJacfJx²F�b+I$UhKcF�F��zI�H�acd�MONBIqL.R�XyM
MONJRzM MhNJI9F+UVaex+acfµR�K�dVI�TµR�UhRzMOacF+f�x��µR�UORzf>MhI�I9R�TJTJKcaeI�d��·NJI�f MhNJI[¹JUhdVM6R�aeUVX�UhRzL�M I$fWMOI�UVd	R�fJHGMONJI²dVI�X$F+fJH
R�acUhX�UhRzL�Mwaed ����!*1*1����'�*��!�',ÉF�L6MhNJI i'k�P�i R�aeUVdhTµRzX�I�A p6fJX$IGMONBI ¹µUVdVM�R�aeUVX�UOR,L�M�I$fWMOI�UVd��3MhNJI�UVI�x+acF+fµR�K
X�F�f>MhUhF+KcKeI$UwfBFªKeF�fJx+I�UÉNµRzdgUhI$dhT�F+fJdVa2�JacKeacM�
 L�F+UwdhI�TJR�UORzMhaeF+f"A �rNµRzMw�lIGHJaeH<fJF�M�UhI*RzKea �$I��3R�dwMONµR,M
MONBI�UhI²��I�UVI�HBacb+I$Uhx+I$fWM	MOUOR /VI�X$MhF+UhacI�d6�·NJI$UhI«MONBI«H 
'fµR�vwaeX²T�F+aefWM	FzL�X$KeF+dVI�dÒM9RzTJTJUhF+R�XYN F�X$X��JUVd\RzL�MOI$U
MONBIq¹µUVdVM±RzaeUhX$UORzL�MÊI$f>MhI�UVdlMONJI6i�k�P�i�R�acUhdhTJR�X�IzA P±NJaed�aedÊaeKcKe�JdÒMOUOR,MOI�HÉacf�¹µx+�BUhI6~�A�P±NJI T�F+aefWMhd�KeR��:I$KeI$H
kºR�UVIgMONJI�KcF�X�RzMOacF+fJd[F�L·MONJI)R�acUhX$UORzL�M[�·NJI�f<R�aeUVX�UhRzL�M�C�¹µUVdVMÉI�fWMhI�Uhd$A �qI$UhI�MhNJI
ÎRzUhI�R�HBI�)>�µRzMhI�K#

�J�BM²v�acfJaev�R�KeK�
 dVI�TµR�UhRzMOI$H7A �qF���I$b+I$U«�·NJI�f MONBI�dhI�X$F+fJH R�acUhX�UhRzL�M[aed9L.R�dÒMOI$U²acM[MOUOR*b�I�Ked[L��JUVMhNJI�U«acf
acMhd6MOUhR:/VI�XyMOF+U�
�MONJR�f MONJI«¹µUVdVM[R�aeUVX�UhRzL�M6F�b+I$UQR�MhaevwI²aefWMhI�UVbzR�K�A9P±NJI$UhIyL�F+UhIÉdhNBF+UVMhK#
 R,L�MOI�U\RzaeUhX$UORzL�M9C
I�fWMhI�Uhd���·NJI$f MhNJI
 R�UVIwRzM\MONJIwT:F�dhacMhaeF+fBd6K R���I�KcKeI$H �§MhNJI
 R�UVIÉX�KeF�dhI�U	MhF+x+I$MhNJI�U\MONJR�f �·NBI�f MhNJI

��I�UhI[RzM·T�F+aefWMhd±k9AµP±NJI$UhI$L�F�UhI\dhI$TµR�UOR,MOaeF�f acd±KeF+dÒM*AÊE�Rzf 
gb�Rzaef RzMhMhI�vwTBMOd3��I�UVI[v�R�HJI6MhFÉTJUhF�b+I\MONBI
dhI$TµR�UhRzMOacF+fGTBUhF+T�I�UÒM�
Gacf MhNJI[o�¸	i)MhNJI�F+UVI�vºTJUVF�b�I�U²�.I�AuxJA3�BdhaefBx�b+I$X$MhF+UqL�F+UVv²�JKeR�d3L�F+U±MONJIQT�F+aefWM�F�L
X�KcF+dhI$dVMqR�TJTBUhFWR�XYNµ� ��I$L�F�UhI\acM3�lR�d�UhI�R�Kea���I�H�MhNµRzM·MONBI �ÒKeI�vwv�R�"9�lR�d·fJF�M·MOUV�JI�A
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�rNJacKeI�aef6MhNJIÊTJUhF'X�I$dhd¬F�LB�·UVacMhaefJx±�JT\MONBaed�TµR�T�I�U�,��I³HJI�X$aeHJI$H[MhFqR,MhMOI$v�T�M�MONJI³TJUVF�F�L�F�LBR�fJF�MhNJI�U¬X�R�dhIzA
i�acfJX�IQ�lI«NµRzH fJF�Mqb+I�UVac¹µI$H R�f+
�X�R�dhI$d6�·NJI�UVI²F+fJI²R�aeUVX�UOR,L�M��lR�d	F+fGMONJI[P RzfJH�MONBI²F�MONBI�U6RzaeUhX$UORzL�M
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{�aex+�BUhI	~ 7Êi'F+v�I\´�UVUhF+fJI$F+�Jd�P±NJaef �'acfJx

�lR�dldÒMOaeKcK5R�TJTJUVFWR�XYNJacfJx[MhNJI P@�W��I6HJI$X�aeHBI�HgMhF9RzMVMOI$v�TBMlR[TBUhF'F�L7F�L7¢h�����$�.» Ä ÃC�+�·NJI$UhI6F�fJI RzaeUhX$UORzL�M
aed·acfGUVI�x+acF+fGt�R�fJH�R�fJF�MhNJI�U�F+fJI\acdqF+f)¹µfµRzK�RzTJTJUhF+R�XYN7A �rNJacKeIQRzMVMOI�vwTBMhaefJx«MOFwTJUVF�b�I[MhNJaed·X*RzdhI���acM
�lR�d HJacdhX$F�b�I�UVI�H MONµR,MqMhNJaed�KeI$v�v�R²�3R�dqfJF�MqMOUh�BI�A·Ð�f�MONBaed�X*R�dVI[MONBI�UhI9aed·fJFgMhaevwIQd�
'fJXYNJUhF�fJa ��RzMOacF+f
I�f�L�F+UhX$I�H �+
<MhNJI�k6E E F+f MONJI RzaeUhX$UORzL�M�RzM�MONJI$aeUÉb'aeUVMh�µR�K·F+U�UhI*RzKqÐ�k {�d�A � fBL�F+UÒMO�JfJRzMOI$K#
 MOacv�I
d�
'fJXYNBUhF+fJa��*RzMhaeF+f[RzM¬MONBI�Ð�{ �.acfJacMha R�K�¹B|J��RzfJH ��P �.UV�JfW�3R8
\MONBUhI�dVNJF+KcH5�¬acd�fJF�M�dh�!��X$aeI$f>M�MOF·x+�µRzUOR�fWMOI$I
MONJRzM±MONJI%
 R�UhI	x�I�F+vwI$MhUhaeX�R�KeK�
wdhI�TJR�UORzMhI�H�RzM�R�KeK:MOaevwI�d$A P±NJI$UhI[R�UhI	M���F�T�F+dhdVa2�JKcI	UhI$dhF+Kc�BMOacF+fJd�7
C+A �·I�)>�JacUhI	MOacv�I6d�
'fJXYNJUhF�fJa ��RzMOacF+f RzM·MONJI\Ð�k6{�d�A
^�A � I�fJI$UOR�Kca �$I[MONBI²fJF�MhaeF+fGF�L³¢h������� » ¢V���,���������¡)MOF�R�KeKcF��ÌTµRzMON dVI�TµRzUORzMhaeF+f acf�MONBI�dhI«X�R�dhI$d\R�d6acf
MhNJI\��� ��¢V� �$�-�¥����dVacMO�JRzMOacF+f7A

Ð®L�MONBI6dhI$X�F+fJH)dVF+Ke�BMhaeF+f�aed�dhI�KcI�XyMOI�H �BMONJI HJI$¹µfBacMOacF+fgFzL¬¢h������� » ¢V���,���������¡É�·aeKcK�NJR�b�I6MOF²XYNJR�fJx+I$H�L�UhF+v
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P±NJI�¹µUVdVM«UVI�dVF+Ke�BMhaeF+fªaed²R XYNJR�fJx+I�MhF�MONJI�F�T:I$UORzMhaeF+fµRzKÊX$F+fJX$I�TBMÉaDMOdhI$KcL����·NBI�UhI�R�d²MONBI�dhI�X$F+fJHÎaed9R
XYNµR�fBx+I MOF�MONBI dhRzL�I$M�
¾TJUhF+T�I�UÒM�
¾aDMOdhI$KcL�A P±NJI ¹µUhdÒM UhI�dVF+Ke��MOaeF�f¾�lF+�BKeH aevwT�F+dhI dVF+vwI R�HJHJaDMOaeF�fµR�K
MOacv�acfJx X�F+fBdVMOUhR�aefWMhdwMhNµRzMw�lF+�BKeH NJR�b�I�MOF �:I I�f�L�F+UhX$I�H �+
ÎMONJIGk	E E R�fJH X$F+fJdVI�)>�JI�fWMhK#
<X�F+�JKcH
UhI$HJ�JX$I�MONJI�T�I�UÒL�F+Uhv�R�fJX$I�A � I�dh�JdVT:I$X$M«MhNµRzM²MhNJI�aevwTµR�XyM[��F+�JKcH �:I�L.R�aeUVK#
 dhv�R�KcK �B�B�BM²MONBaed[�·acKeK
NµR*b+I	MhF ��I\R�dVdhI�dVdhI$H�b'a R«dhacv²�JK R,MOaeF�f7A�kqKcMhI�UhfJRzMOaDb+I�K�
��'MONJI\UhI$K R,|BRzMhaeF+fgF�L�MhNJI	dOR,L�I$M�
)TJUVF+T:I$UVM�
gHJF�I$d
fJF�M±R�TJT�I*R�UlMhF �:I	�BfJUhI�R�dhF+fJR��JKeI aef�MONJRzM±acMlaed3HBaeUhI$X$MhK#
gR�fµR�KcF+x+F+�JdÊMOF²�·NµR,M±aed±RzKeUhI�R�H 
�HJF+fJI6�·NBI�f
��F�MON R�acUhX�UhRzL�M·R�UVI	F+f�MONJI\P	AµÐ�f)L.R�X$M·acf�MONJacd±dhaDMO�µRzMhaeF+f�MhNJI\x+I�F�v�IyMOUhacX6dhI$TµR�UhRzMOacF+f)aed±x+UVI*RzMhI�U3MONJR�f
�·NJI$f ��F�MON R�acUhX�UhRzL�M·R�UVI\F+f�MONJI\P	A

� ���w����8� 
�	��w�

Ð�f MONJacd²TµR�T�I�U[�lI)NµR*b+I�TBUhI�dVI�fWMOI$H¾R�L�F+UVvgRzK�vwF�HBI�KlFzL R X$F+fJX$I�TBM«L�F+U9dhI�)>�JI$fJX�acfJx R�aeUVX�UOR,L�M²aefWMhF
R i�k�P�i<RzaeUhT�F+UÒM²�·acMhNJF+�BMwR MOF���I�U�lUORzHµR�U��ÊF+UÉR�acUhT�F+UVM²X�F+fWMOUVF+KeKcI�U$A�P±NJI X�F+fJX$I�TBM�UhI$KeacI�d«�JT�F+f R
MOacv�acfJx²TJUVF�MOF'X�F�K7aevwTJKeI$v�I$fWMOI�Hgaef)dhF�L�M��lR�UVIQfJR�v�I$H�MONJI\k acUhX$UORzL�MqE�RzfµR�x+I$v�I$f>MqE F�HJ�BKeIw�.k6E E �°A
P±NJI3X$F+fJX$I�TBM�NJR�d���I�I�f²L�F�Uhv�R�KeK�
6vwF�HJI$KeI$H9�JdVaefJx ��F�MhN²X�F+fWMhaef>�JF+�Jd R�fJH²HJacdhX$UhI$MhI3v�RzMONJI$vgR,MOaeX$d�RzfJH
X�F�fJdhacdVMOd�F�L�MONJUVI�I³vgRzaef\TJaeI$X�I$d�7��ÒC��¬EGF'HJI$K'FzL�MhNJI3i'k�P�i[R�acUhdhTJR�X�I³�JdVaefJx ^:��HBaevwI�fJdVaeF+fµRzKzb+I$X$MhF+Uhd�µ��^��
vwF�HJI$K+F�LBR�aeUVX�UhRzL�M7MOUhR:/VI�XyMOF+UVaeI$d�Rzd¬L��BfJX$MhaeF+fJd¬F�L'MOacv�I�MONµRzM�R�UVI�HJI$MhI�UVv�acfJI�H �+
\R�aeUVX�UhRzL�M�dhT�I�I$H �z�·NBaeXYN
aed�HJI$T:I$fJHJI�fWM	�BT:F+f MONJIQUhI$vgRzaefJacfJxÉHJaedÒMYR�fJX$IQMhF�MhNJI9UV�JfW�3R8
 MONJUVI�dhNBF+KeH ��R�fBHÎ��@W�±RwUhI�)>�JacUhI$v�I$f>Mhd
vwF�HJI$K�FzLÊMhNJI«k	E�E �"�·NJacXYN dhT�I�X�aD¹µI�d6MhNJI«NJacx+N!��KcI$b�I�K¬MOaevwaefBxgTJUVF+T:I$UVMhaeI�d I�fBL�F+UVX�I$H �+
GMONJI²k6E E
dhFzL�M��3R�UVI�A

kÎvgRzMhNJI�v�RzMhaeX*RzK,MhNJI�F+UVI�v1NµRzd ��I�I$fQL�F�Uhv²�JKeRzMOI$H6�·NJaeXYNQdVMORzMOI$d�MhNµRzM�MhNJI³k	E E MOaevwaefBxlTJUVF�MOF'X�F+K
�·aeKcK¬vgR�acfWMYR�acf�R�HBI�)>�µRzMhI²dhI$TµR�UOR,MOaeF�f.�:IyM��lI$I�f R�KcK�RzaeUhX$UORzL�M R�dVdh�JvwaefJxwMONµR,M	R�KcK�RzaeUhX$UORzL�M�L�F+KcKeF��ÌMONBI
aefBdVMOUV�JX$MhaeF+fBd x+acb�I�f �+
²MONBI±k	E EºR�fJH«MONBI �VUh�JKcI�d FzL:MhNJI±UhFWRzH "\R�dhdVF�X$a RzMhI�H«�·acMhN²MONJI±X$F+fJX$I�TBM�A�P±NJI
TJUVF�F�LÊF�LÊMONBaed MhNJI�F+UVI�v �lR�d\HJI$X�F+vwT:F�dhI�H acf>MhF�MOI$f X�R�dhI$dQFzLÊ�·NBaeXYN ¹Jb+IÉNµR*b+I ��I�I$f TJUVF�b+I�H"A«P±NJI
TJUVI�Keacv�acfµR�U�
�X$F+fJX$I�TBM�vwF�HJI$KeI$H�aef�MONJacd±TµR�T�I�U3�lR�d·HJI$b�I�KcF+T:I$H m«vwF+fWMONJd±TJUVaeF+U�MOF«MONJI\X$F+v�TBKeI$MhaeF+f
F�L�MONJI[i�k�P�i)HJUOR,L�M\C[F+T�I�UhRzMOacF+fµR�K:X�F+fBX�I�T�M dVFwMhNµRzM±L�F+UVvgR�K�b+I$Uhac¹JX*RzMhaeF+f)MOI$XYNJfJa2)>�JI$d RzfJHGKca2�JUhR�UhacI�d
dh�BacMYR��JKeI«L�F+U\MONJacd[TBUhF��JKcI�v HJF�vgR�acf X$F+�JKcH ��I�HJIyb+I$KeF+T�I�H7A,�qF�T:IyL��JKeK�
���v²�JXYN�F�LlMONJIwMONJacdQ�·acKeK ��I
UhI$�JdhI$H��·NJI�f�MhNJI ¹µfµRzK�i�k�P�igF+T�I�UhRzMOacF+fµR�K5X$F+fJX�I$TBM±acdlvwF�HJI$KeI$H�R�fJH)RzfµR�K#
 �$I�HgL�F+UVvgRzKeK#
�A�Ð�f�F�UhHJI$U
MOFÉvwF�b+I\F+f)MOF«MONJI	¹µfJR�K�i�k�P�i�F+T:I$UORzMhaeF+fJR�K"X$F+fJX�I$TBM8�µMhNJI	b+I�UVac¹µX�RzMOacF+f��3RzdqfJFzM±L��JKeK�
gX$F+v�TBKeI$MhI�H7A
� I ��I�KcaeIyb+I MONJRzM�MONJI³X$F+v�TBKeI$MhaeF+f F�Lµ]z��� F�L'MONBI�dh� ��X*R�dVI�d�aed7I$fJF+�Jx+N\MOF·HJI$v�F�fJdVMhUORzMhI³MhNJI L�I*Rzdha2�BaeKeaDM�

F�L�MhNJaed b�I�UVac¹µX�RzMOacF+f R�TJTBUhFWR�XYN Iyb+I�f MhNJF+�Jx+N Iyb+I$U�
>MONJacfJx��lI«dVI$M\F+��M6MOF�RzX�X�F�v�TJKcaedVN aef m�vwF+fWMONBd
�lR�d�fBF�MÉ¹µfJaedVNJI�H"A-��F���I$b�I�U� �:I$X*R��JdVIGFzLqMhNJIGacfJX�F�v�TJKcI$MhI�fJI$dhdÉF�L�MONJI TJUhF'F�L�d²��IGHBF fJFzM$�>fJF��
�·NJIyMONJI$UlMONJIqTJUhI$Keacv�acfµR�U�
[X�F�fJX�I$TBM±acMhdhI$KcL7acd�dhRzL�I�A � I�NµR*b+I6UV�Jf�v�R�f+
Édhaev9�JK RzMhaeF+fBd�F�L7MONBI X�F�fJX�I$TBM
�J�BM��lI HJF²fJF�M(�:I$KeacI$b+I·MONJRzM3dVaev²�JKeRzMOacF+fwR�KeF�fJIqTBUhF�b'aeHJI$d±R9UOR,MOaeF�fµR�K �µR�dVaedÊL�F+UlRzdhdh�BUhaefBx²dORzL�IyM�
+A � I
HJF ��I�KeacI$b�IgMONµR,M«�·acMON dV� �wX�acI�fWMwI�:F+UVMG��TJUhF��JR��JK#
�^�MOF t v�R�f v�F�f>MhNJdY�[MhNJI�UhI$vgRzaefJacfJx�TJUVF�FzL�d
X�F��JKeH$�:I�X�F+vwTJKcI$MOI$H��·aDMON�R,M�vwF+dÒM�L.R�acUhK�
²vwaefJF+U³vwF�HBac¹µX�RzMOacF+fJd MOFQMONJI�k	E�E TJUhFzMOF'X�F+KcdÊF�U�dÒMYRzMhI�H
dOR,L�I$M�
)TJUVF+T:I$UVMhaeI�d$A
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