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VARIABILITIES

GPS: Global Positioning/Intertial Navigation System


System Interactions: How the different pieces are composed together

Frequencies: 20 Hz/40Hz rate generators
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Y�Qw�IR)�~ýOU � Y z�v � � U � G t M N U�W � Z v M � M 
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ýnN�[~� vkþ �~N�� v�� [~�ÁQSR v Y´N v Y v [_N x ZÅ�IRË�\[_Nµ[ uSuwvyu Q��yQ}RH| z N�[~R\Y ÿ
���~N z [_N x Z6Q z�vyx{z �6N v YkW � Z v{l Mlk(U}� �~� � ýdN�[~� vkþ �~N����\N�� ÿ
P�QST v YÀT\Qcb v N v R z�x �IR x �HN�N v R x{� Y z N�[ z�v |IQ v Y�ýn�~N��\�6Q u T6QSRH|
Z6Qw|IZ¾� v N�ýd�~N��Á[~R x{v?þ+v � ÿ Y v N�P v N�YkWHG v Y v [_N x Z þ �~N��¾�IR
x �IR x �HN�N v R x{��z Q v Y xku �IY vyuw��þ Q z Z)Q}Y�Y�� v Y��~ý�Y � R x ZHN��IR6�I�6Y
P v N�Y��6YË[~Y � R x Z6N��IRH�I�6Y¿N va` � v Y z �6N�� x{v Y�Y�QSR6|HWwG v Y v [_N x Z
QSR�� ä : � Z\[~Y u �°�&� v T�QSR z �ËQS��� uwv � v R z [ z Qw�IR��~ý ¡µ�_c\orbdc6s6]_¢
orbr�_c6¦ QSR z Z v{N MO� h � v NµR vyu¯�Fþ Z6Q x Z�T vyx �I�H� uSv Y z Z v N v{ÿ
` � v Y z T v ��� uwz Qw� uSv�� QSR6|ÍýdN��I� z Z v �6N�� x{v Y�Y�QSR6|HW 8 R/IKG = Y �
MÍY � R x ZHN��IRH�I�6Y N¼vkz ZH��T°h�[~R6T u Q}RH| � M N hE�_� ä � � �\N�� ÿ
P�QST v Y�QS�ÁQ u [_NÏ� vyx Z6[~R6QSY��ÁY u Q�� v¾x �IR z QSR��6[ z Qw�IR6YkW I¨R
z Z vÀxku Q v R z Y�QST v~�=z Z v M�Y � R x ZHN��IRH�I�6Y NVvkz ZH�BT 8 R°P~� x [ ÿ
z Qw�IR � M N	8 �?� � � [~� vyu QS�~N�[ z�v Y xku Q v R z Y"� u � x �BQSRH|���P v N�Z v [~T6Yþ Z v R þ [~Q z QSRH| ýd�~NON v � uw� ýd�~NO[ u �IR6|�N��6R6R6Q}RH|�N va` � v Y z W
Z !"¡�¡�y��5��� � Z v N v Y v [_N x Z v b·�~N z YËT6QSY x �\Y�Y v T v [_N u Q v N
[~R6T¾N vyu [ z�v T v b��~N z Y�TH� x �6� v R z�v T(QSR�� � A P6� : � z � � vkz ÿ
z�v N�QS��� uwv � v R z Z\Qw|IZ�� v N�ýd�~N��Á[~R x{v [_N x Z6Q z�vyx{z �HN v Y�Z6[yP v
T6QSY z Q u}uwv T×QSR z �ÈY � Y z�v �Á[ z Q x �·�BT � �~ýK�BRH� þÍuwv TH| v QSR z Z v
ýn�~N�� �~ýÀT v Y�Qw|IRK�\[ z�z�v N�R\Yª� �~� � W � Z v 
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N v R z Z\Qw|IZ�� v N�ýn�~N��*[~R x{v Y v N�P v N�YÆ� � T6QSY x �6Y�Y�QSR6|O�\[ z�z�v N�R\Y
ýn�~N�Y v N�P�Q x{v [ xkx{v Y�Y�[~R\T x �IR�V6|I�HN�[ z Qw�IR ��v P v R z Z6[~R6T u QSRH| �
Y � R x ZHN��IR\Q��y[ z Qw�IRÓ[~R\T x �IR x �6N�N v R x{� W � [_� uwv ä x [ z�v |~� ÿ
N�Q�� v Y�T6Qcb v N v R z | v R v N�[ upÿ ���HN��·�IY v �~� z QS�ÁQ��y[ z Qw�IR\Y�[ x N��IY�Y
z ZHN vkv T\QS� v R6Y�QS�IR6YkW � Z v V\N�Y z T6Q}� v R6Y�Qw�IR x [ z�v |~�~N�QW� v Y,N v{ÿ
Y v [_N x Z��IREN va` � v Y z T v ��� uwz Qw� uwv�� QSRH|´Y z N�[ z�v |IQ v Y�QSR z �ÊV �Bv T
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x{v Y�Y�QSRH|Å[~R6T z ZHN v [~T6QSRH|Ë���BT vyu YkW��ÆQSR6[ u}uw�~��z Z v�z [_� uwv Q upÿ
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u �6Y z N�[ z�v Y z Z v T6Qcb v N v R z T6�I�Á[~QSR6Y=�IR þ Z6Q x Z z Z v Y v �~� z Q ÿ
�ÁQ��y[ z QS�IR6Y�Z6[%P v � vkv RV[_�6� u Q v TFW
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u ���&� v TV[ z � v N�ýd�~N��Á[~R x{v N vyu [ z�v TVQSY�Y�� v Y5�~ýÖ�ÁQST6T uSvkþ [_N v W
� Z v Y v Z6[yP v [ z�z [~Q}R v TÁ�Á[ z �HNµQ z�� [~R6T�[ u Y��@Z\[yP v N v Y�� uwz�v T
QSRÏT v ���IR6Y z N�[ z QSRH|��ÁQST\T uwvkþ [_N v [~Y�[��Á[ z �HN v Y�� u � z Qw�IR
ýd�~N � G t �6N���T6� x{z ÿ�u QSR v Y � Y z�v �ÁYkW
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�IR6[ u QSY�Y�� v�z �V� v N�ýn�~Nµ�Á[~R x{v QSY z Z vÁx �IR x{v N�R��~ý x �I���·� ÿ
R v R z Q��yQSRH| z Z v IKG = Y v N�PBQ x{v Y [ z [¿V�R v{ÿ |~N�[~QSR uwv P vyu5z �
[ uSu � þ �\N���T\� x{z ÿ�u QSR v Pg[_N�Q}[~R z Y z �ËY vyuwvyx{z¨z Z v Y vkz �~ý´�ÁQST ÿ
T uwvkþ [_N v ý v [ z �HN v YkW � Z\QSY x �IR x{v N�R(QSYÅ[ xkx{v R z �6[ z�v TD� �
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[~R6TÁ� v ���~N � N v Y��I�HN x{v YkWD�H�~N v�� [~��� uwv~�Iv ��� v T\T v TÁY � Y ÿ
z�v �ÁY=�~ý z�v R x [~R6RH� z �\Y vEx �IR;P v R z Qw�IR6[ u PBQwN z �\[ u � v ���~N �~�
Y�QSR x{v Y��~ý z�þ [_N v ���6Y z V z �IR u � þ=ÿ�x [_�\[ x Q z£� Y z �~Nµ[_| v � v{ÿ
T6QS[ � Y�� x ZV[~Y t
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x Z\Q z�vyx{z �HN v Y z Z6[ z [_N v Q}R6Z v N v R z�uw� ­Á�_c��_m¤bdod¥°br¡ � QSR þ Z\Q x Z[ uSu �*QST6T uwvkþ [_N v ý v [ z �HN v Y+N v Y�QST v Q}R�[�Y�QSR6| uwv5v���vyx � z [_� uwv W
U z [ z Q x � vyx Z6[~R6Q}Y��ÁY�C z ��� u Y � Y�� x ZÓ[~Y x �IR6T6Q z QS�IR6[ u5x �I� ÿ
�\Q u [ z Qw�IR�[~R6T)Y��Á[_N z Y z [ z Q xÁu Q}RM� v N�Y � [ uSu � þ [ËP_[_N�Q vkz£� �~ý
T6Qcb v N v R z�x �IRMV6|I�HN�[ z QS�IRD�~� z Qw�IR6YkW � Z6QSY�[_�6�6N��I[ x ZLQSY
Z6[_N�T v N z � x �BT v [~R6TË�Á[~QSR z [~QSRËT6� v�z ��[ xkx QST v R z [ uFx �I� ÿ
� uwv�� Q z Q v Y=Q}R;P~� u P v T þ Q z Z x �IR\T6Q z Qw�IR6[ u"x �I���\Q u [ z QS�IRi� < � � W
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8 R��ÁQST6T uwvkþ [_N v QS��� uwv � v R z [ z Qw�IR\Y � | v R v Nµ[ upÿ �\�HN��·�IY v �~� ÿ
z QS�ÁQ��y[ z Qw�IR z�vyx Z6R6Q ` � v Y×[_N v»v�� �·�IY v T [~Y×�ÁQ}T6T uwvkþ [_N v
x �IRMV6|I�HN�[ z QS�IR�Y vkz�z Q}RH|IY z Z6[ z�x [~RÀ� v�v R\[_� uwv TFCgT6Q}Y�[_� uwv T
[ z �\�6Q u TFC�N��6R z QS� v W � Z v Y v �~� z Qw�IR\Y z Z v N v ýd�~N v N va` �\QwN v
�6N��BT6� x{z ÿ�u QSR v [_N x Z6Q z�vyx{z Y z �¨�6R6T v NµY z [~R6T z Z v+z N�[~T v �rb � QSR
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z Z6[ z@x [~R�� v �6Y v T þ Q z Z�[~R��~� z Q}�ÁQ��yQSRH| x �I���\Q uSv NyWf�H�~N
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� ÿ I¨Y��,�~NÖT6Qcb v N v R z �\N�� x{v Y�Y��~NÖ[_N x Z6Q z�vyx{z �HN v Y � [ uSu �~� z Qw�IR\Yz Z6[ z Z6[%P v@ÿ � � v N�� v R6T v TB�µW�³

�ÆQw|I�HN v :7X´�5�IRMV6|I�HN�[ z QS�IR ÿ THN�QwP v R9I¨� z QS�ÁQ��y[ z QS�IR6Y
UBQS�ÁQ u [_N z �@ZH� þ �IR v R vkv T6Y z �@�6R\T v N�Y z [~R6T z Z v=x �IR6Y v{ÿ

` � v R x{v Y¨�~ý v R6[_� u QSRH|*T6Q�b v N v R z¨x �I���\Q uwv N��~� z Qw�IR\Y � ��QS| ÿ
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z QSRH|IYyW � Z6QSY=�6N��~� uwv � QSY v�� [ x{v N��\[ z�v TÀ� �Ëz Z v ýd[ x{z�z Z6[ z
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g��°U�W � Z v Y v�z�vyx Z\R6Q ` � v Y+[_N v �·�I�6R6T v Q z Z v N5[ z Nµ�6R ÿqz QS� v
PBQS[Ï�IR u QSR vÀz�vyx Z\R6Q ` � v YË�~N¼[_N v�v P_[ u �6[ z�v T¾� � gE�6[ u Q z£�
M�Y�Y��HN�[~R x{v � gEMK� v RH|IQ}R vkv N�Y�[ z�z�v Y z C v P_[ u �6[ z Qw�IR z QS� v W� Z v Y v �~� z Q}�ÁQ��y[ z Qw�IR z�vyx Z6R\Q ` � v Y´[_N v [_�\� u Q v T*�IR¿[�� v N ÿ
[_�6� u Q x [ z Qw�IR»�\[~Y�Q}YÅ�\� zÅz Z v �*Y vyu P v YÀ[_N v | v R v N�[ u Q��y[_� uwv
[ x N��IY�YÍT6Qcb v N v R z �6N��BT6� x{z ÿ�u QSR v P_[_N�QS[~R z YkW
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� Z6Q}YÈY vyx{z QS�IRK���6Q u T6Y?[ z [ � �IRH�I� �~� b¯jdi%j �Åx [ z�v |~�~N�Q�� v Yx �IRMV6|I�6N�[ z Qw�IR ÿ THNµQwP v R �~� z QS�ÁQW�y[ z Qw�IR [_�6�6N��I[ x Z v Y QSR z �
ý vkv TH�\[ x � ÿ THN�QSP v R z�vyx Z6R6Q ` � v Y � �IR u QSR v~� �ÍÌ*Q}R v [~R6TØZ �°ÿ�6N�Q}T z�vyx Z\R6Q ` � v Y�� � z�vyx Z6R6Q ` � v YDýn�~N�g��°U v Pg[ u �6[ z Qw�IR
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ýd�~N��Á[_�\�\QSRH|ÁZ6QS|IZ v N uwv P vyu [_�6� u Q x [ z Qw�IR x �IR x{v NµR6YO�IR z �
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P_[ u QST\[ z Qw�IR×�~ý z Z v Y v [_�6�6N��I[ x Z v Y¬[ x N��IY�Y*T\Qcb v N v R z
� u [ z ýn�~Nµ�ÁY � Z6[_N�T þ [_N v~�\x �I�Á�\Q uwv N�[~R6T9I�U¿�~� z Qw�IR6YyW

t [_N u Q v N v b·�~N z Y��IRD� v R x Z6�*[_N���Q}RH|ÓT6QSY z N�Qw�\� z QS�IR(�ÁQST ÿ
T uwvkþ [_N v QS��� uwv � v R z [ z Qw�IR6Y�� <&< � <¥A � QST v R z Q�V v TÈZH� þ z�v{ÿ
T6Qw�I�\Y,[~R6T v N�N��~N ÿ �6N��IR v+z Z v �6N�� x{v Y�Y"�~ý v Pg[ u �\[ z QSRH| z Z v Y v
x �IRMV6|I�6N�[ z Qw�IR6Y?N v [ uSuw��þ´v N v W U vyx{z Qw�IR � W � T v Y x N�Qw� v Y
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� Z6QSY5Y vyx{z Qw�IRÅ[~R\[ uw� � v Y=T\Qcb v N v R z T6QS� v R\Y�Qw�IR6Y+�~ý"�\[_N z QS[ u
Y�� vyx QS[ u Q��y[ z Qw�IR*� � V\N�Y z �\�\Q u T6QSR6|¨[ z [ � �IR6�I� � �\[~Y v T¬�IR
T6Qcb v N v R z � vyx Z6[~R6QSY��*Y+[~R6T z Z v RËT v Y x N�Qw�\QSR6|�ZH� þ»z Z v Y v
Z6[yP v � vkv R¼[_�6� u Q v T z �¿T6Qcb v N v R z [_N v [~Y�QSR xku �6T\QSRH| �~� v N ÿ
[ z QSRH|*Y � Y z�v �ÁY � T6[ z [_�\[~Y v YÍ[~R6TVR v �HNµ[ u R vkz�þ �~N��BYkW
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 [_N z Q}[ u Y�� vyx QS[ u QW�y[ z Qw�IRx [~R?� v*x [_N�NµQ v T)�I� z �·� z Z ��Ð bdc�i [~R6T �_c6m¤bnc·i WVM�R)�~ý ÿ
L\QSR vÍz�vyx Z6R6Q ` � v � xkx �HN�Y5QSR z�þ � Y z�v �\Y�X 8 R z Z v V6NµY z Y z�v � �
[ l{bdc�e_bdc°®~¢ orbd­Ái [~R6[ uw� Y�QSY5[~R6RH� z [ z�v Y z Z v �6N��~|~N�[~� x ��T vþ Q z ZÏY z [ z Q x [~R6TÏT � R\[~�ÁQ x Q}RHýn�~Nµ�Á[ z Qw�IRFW � Z6QSY�Y z�v �³QSY
N v ý v N�N v T z �¼[~Y��\QSR6T6Q}RH| z QS� v [~R6[ uw� Y�QSYkW 8 R z Z v Y vyx �IR\T
Y z�v � � [ x �BT v | v R v Nµ[ z �~N¿[ x{z �6[ u}uw� �\N���T\� x{v Y z Z v �~� z Q ÿ
�ÁQ�� v T x ��T v WÆM�R��IR u QSR v �\[_N z QS[ u Y�� vyx QS[ u QW�y[ z Qw�IR��\Y v Y z Z v
[ x{z �6[ u Pg[ u � v YOT6QwN vyx{z�uw� N�[ z Z v N z Z6[~R z Z v�z�þ �ÅY z�v ���\N�� ÿ
x{v Y�Y��~ý=[~R6R6� z [ z Qw�IRÈ[~R\T��6N��~|~N�[~� �~� z QS�ÁQW�y[ z Qw�IRFW � Z v
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R6Q ` � v Y�[~Y�Q z T v [ u Y þ Q z Z z Z v [ x{z �6[ u P_[ u � v WÂhO� þ+v P v N �
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[_�6�6N��I[ x Z v Y z Z6[ z [_N v¨z�þ � uwv P vyu QSR¿R6[ z �HN v [~Y5T v Y x N�Qw� v T
QSR��;n � � W*�´�I�Á���IR v�� [~��� uSv YEQSR xku �6T v~� �Á[ x N��IY � ��[~R6T� nènØu [~RH|I�6[_| v �Æýd�~N x �BT v�v�� �\[~R6Y�QS�IR�[~R6T z�v ��� u [ z�v Y
QSR
� nèn W 8 R z Z v Y vËv�� [~�Á� uwv Y �Öz Z vËx �BT vËv�� �\[~R\Y�Qw�IR6Y�[_N v
v�� � u Q x Q z�uS� �\N��~|~N�[~�Á� v T4W 8 R z Z v z�v ��� u [ z�v YE[_�6�6N��I[ x Z �
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� Z vKz [ � �IR6�I� � �IR | v R v N�[ upÿ �\�HN����IY v �~� z QS�ÁQW�y[ z Qw�IR6Y
� T v Y x NµQw� v T Q}R U vyx{z Qw�IR � W ä W � �×QST v R z Q�V v T u Q}�ÁQ z [ z Qw�IR6Yþ Q z Z v�� QSY z QSR6|¿�ÁQ}T6T uwvkþ [_N v [_N x Z6Q z�vyx{z �6N v Y¨ýn�~N v R\[_� u QSRH|
V\R v{ÿ |~Nµ[~QSR x �6Y z �I�ÁQ��y[_��Q u Q z£� �~ýÀ�*QST6T uwvkþ [_N v ý v [ z �6N v YkW
� Z6Q}Y�Y vyx{z QS�IRÏT v Y x N�Qw� v Y�ZH� þ z Z6QSY Y�Z6�~N z�x �I�ÁQSRH|�QSY�[~T ÿ
THN v Y�Y v TÅQSR¿I 
 ��t?N � W

] �B*B%2+¥³ %¥� M Y z [~R6T6[_N�T6Y x �I��� u QS[~R z �JIEG = MÜIKG =
�6N���P�Q}T v YÍY v P v N�[ u Y v N�PBQ x{v Y¨QSR xku �6T\QSRH|ÁY��H�\���~N z ýn�~NE��� upÿ
z Qw� uSv �\N�� z � x � u Y � �Á[_NµY�Z6[ u QSR6|¿[~R6T?T v �Á[_N�Y�Z\[ u QSRH| � ��� upÿ
z Qw� uSv ýd�~N��Á[ z Y ýd�~N v�� �·�~N z QSRH|�N v ý v N v R x{v Y�[~R6T×��� uwz Qw� uSv
�~��� vyx{z [~T6[_� z�v N�Y z Z6[ z �Á[_� xku Q v R z N va` � v Y z Y z ��QS��� uwv{ÿ
� v R z [ z Qw�IR(T v V�R v T¾Y v N�P_[~R z YyW 
 N��BT6� x{z ÿ�u Q}R v P_[_N�QS[~R z Yz Z v R x Z6�°�IY v�z Z v Y vkz �~ý´�ÁQST6T uSvkþ [_N v Y v N�PBQ x{v Y z Z6[ z [_N v
N va` �6QwN v TËýd�~NOY�[ z Q}Y�ý � QSRH| z Z v QSN=ý v [ z �HN v N va` �6QwN v � v R z YkW
á +36a+7y���#�0 ] 0$y�(�(p+7*$~�+76&� 8 ��� uwv � v R z QSRH| [ ýr� uSupÿ
Y v N�PBQ x{v~� L v�� Qw� uSv~� Y�� vyx QWV x [ z Qw�IR ÿ�x �I��� u QS[~R z IEG = x [~R
� Q vyu T�[��Á�IRH� u Q z Z6Q x IKG = QS�Á� uwv � v R z [ z Qw�IR þ Q z Z [ u [_N�| v
� v ���~N � ýd�°� z �6NµQSR z [~Y=Y�ZH� þ RÅQSR/�ÆQw|I�HN v ä�� W N �~N v �%P v N �
z Z v ýn��� z �6N�Q}R z |~N�� þ Y þ Q z Z v [ x Z v���z�v R6Y�Qw�IR � [~T\T6QSRH|�Y��H� ÿ�·�~N z ýd�~N�[VR vkþ �6N�� z � x � u � � [~R6T v��Bz�v R6Y�QS�\Q u Q z£� QSY�Z6[_N�TFW
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�ÆQw|I�6N v ä�� X N �IRH� u Q z Z6Q x IEG = MÍN x Z6Q z�vyx{z �HN v

M	���IRH� u Q z Z\Q x IKG =�� Z6� þ´v P v N � TH� v Y*RH� z Y���b v NÁýnN��I�
[~R � QSR6T6QSN vyx{z Qw�IR)��P v N�Z v [~T6Y v�� [~��� uwv QSR6T6QwN vyx{z Qw�IR x �IY z
ýnN��I�8P�QSN z �6[ u ýr�6R x{z Qw�IR\YkW � Z v N v ýn�~N v@z Z v N v Y v [_N x Z x Z6[ uwÿ
uwv RH| v YÆ�~ý�T v P vyu �~�\QSRH|�[�ý v [ z �HN v NµQ x Z v��Bz�v R6Y�Qw� uSv �ÁQ}T6T uwv{ÿ
þ [_N v QS�Á� uwv � v R z [ z Qw�IR x [~RÏ� v �6N��&� v RÏTH� þ R×QSR z � z Z v
ýn� uSu � þ QSR6|�Y��H� ÿ �\N��~� uwv �ÁYaX � ä � t R6[_� u Q}RH|@�ÁQST6T uwvkþ [_N v=z ��6N��%PBQST v [¿N�Q x ZÀ[~R\T x �IRMV6|I�HN�[_� uwv Y vkz �~ý+ýd�\R x{z Qw�IR6[ u Q z��~�
�~vkz � vÅx �IRMV\|I�HN�[_� uwv¿z ��QSR x �HN�ýd�°� z �6NµQSR z � �Á[~QSR³� v � ÿ�~N � ���IR uw� ýd�~N x �I���·�IR v R z Y z Z6[ z [_N v [ x{z �6[ uSuw� �\Y v T Ï � � �
N [r�BQSRH| z Z v IEG =(v [~Y�Q uw�Ëv���z�v R\Y�Qw� uwv QSRV�~N�T v N z �¿ýd[ x Q upÿ
Q z [ z�v*z Z v T v P vyu �~�\� v R z �~ý5T6Qcb v N v R z [ uwz�v N�R6[ z QwP v YaÏÆ[~R\T
� � ��M uSu � þ QSRH|E�·� z Z ¦{oq]~orbr¡ [~R\T e_¸_c�]_­ b¯¡ x �IRMV6|I�HN�[ z QS�IR �z �*[ uSu � þ¾z Z v [_�6� u Q x [ z Qw�IR¬T v P vyu �~� v N z � x ZH���IY v [ z N�[~T v
�rb�� vkz£þ+vkv RD�Á[ � Q}�Á[ u�v�à*x Q v R x{� [~R6TqL v�� Qw�\Q u Q z�� [~R\T
� <3� t R6Y��6N�QSRH| v R6T ÿqz � ÿqv R6T³T v [~T u QSR v [~R6TÏ� v N�ýn�~N��*[~R x{vN va` �\QwN v � v R z YkW
� ��¢D��%50,+76a+76&� � Z\QSY$�\N��~�·�IY�[ uÏv�� � u �~N v YL[~R6T P_[ u Q ÿ
T6[ z�v Y z Z v ýn� uSu � þ QSR6|ÓZ � �·� z Z v Y v Y�X � Z v Y�� u � z Qw�IR$[_� ÿ
�6N��I[ x Z � ä � v R6[_� uwv Y×T6Qcb v N v R zÏuwv P vyu YÏ�~ý¼�ÁQ}T6T uwvkþ [_N vx �I���·�IR v R z QW�y[ z Qw�IR � iyj¤®;j � ¡��y]~^�¦yi{¢¯®~^�]_bnc�� T vyx �I���·�IY�Q}RH|[V���IRH� u Q z Z6Q x x �I���·�IR v R z QSR z �¼Y��H� x �I���·�IR v R z Y��¨[~R\T
Â�c�i{¢¯®~^�]_bdc	� ýd�HN z Z v N´T vyx �I���·�IY�Q z Qw�IR*�~ý z Z v [ u N v [~T � ýr[ xaÿz �~N v T��I� z �\Q vyx{v Y�� � � � ��QSY z N�[~R6Y��\[_N v R z�z � z Z v [_�6� u Q x [ ÿz Qw�IR � RH� x Z6[~R6| v Y z � z Z v 

� M [_�6� u Q x [ z Qw�IR x ��T v � � � � �Y�Qw|IR6Q�V x [~R z�uw� N v T6� x{v YË�ÁQST\T uwvkþ [_N v ýd��� z �6N�QSR z [~R\T � <3�[ uSu � þ Y v [~Y � [~T6T\Q z Qw�IR��~ý�R vkþ ý v [ z �6N v Y þ Q z ZH�I� z Y�[ x NµQ ÿ
V x QSRH|�� v N�ýd�~N��Á[~R x{v W
Z �B(p!,%5)p�F*z-/¢"¢$����y�#�0
� v°)1#¥�5��'�­ á Ú -/��#�0")1%2+3#&'
%5!,��+76&� � � v R6Z6[~R x{v+z Z v5x �6Y z �I�*Q��y[_�\Q u Q z�� [~R6TfL v�� QS�\Q upÿ
Q z�� �~ýÖ�ÁQST\T uwvkþ [_N v QS��� uSv � v R z [ z QS�IR6Y � [~R�IEG = Y�Z6�I� u T
[ uSu � þ [~R�[_�6� u Q x [ z Qw�IR z �»Y vyuwvyx{z�z Z v �ÁQSR\QS�Á[ u Y vkz �~ý
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x �I���·�IR v R z YÀN va` �\QwN v TFW � �»[~T6THN v Y�Y z Z v³u Q}�ÁQ z [ z Qw�IR6Y
þ Q z Z����IRH� u Q z Z\Q x IKG = [_N x Z6Q z�vyx{z �HN v Y �_z Z6QSYFN v Y v [_N x Z�[_� ÿ
� u Q v Y z Z v ýn� uSu � þ QSR6|�T v Y�Qw|IR �6N�� x{v Y�YÖY � Y z�v �Á[ z Q x [ u}uw� X � ä �
8 T v R z QWV v Y z Z v IKG = Y v N�PBQ x{v Y þ ZH�IY v � v Z6[yPBQw�~N�YÀ�Á[ �
P_[_N � W � Z6QSY�P_[_N�QS[ z QS�IRLY z�v �ÁY)ýdN��I� þ Z\Q x ZLY z [~R\T6[_N�T
�JIKG = M ý v [ z �HN v Y¿[_N v [ x{z �6[ u}uw� �6Y v TØ[~R6TØ�6Y v Na\ Y¬�~� ÿ
z Qw�IR6[ u*x ZH�IQ x{v ýn�~N x{v N z [~QSR � v Z6[%P�QS�~NyW¸�H�~N v�� [~�Á� uwv~�
�JIKG = M	�6N���P�QST v Y¿[~R������øT6[ z [ z�� � v�z Z6[ zÅx [~R¾Y z �~N v
[~R � � z Z v N�T\[ z [ ÿqz�� � v W � Z6QSY¨ý v [ z �HN v QSYE�~� z QS�IR6[ u �6R z Q u
�6Y v T4W � � �ÆMÍ�6� uS��z Z v=� QwN z �6[ u �´�I�Á���IR v R z �\[ z�z�v NµR9� �~� �z ���*[r� vÁv [ x ZµIKG = Y v N�P�Q x{v � u �H|~|I[_� uwv~� Q¯W v W � ýd[ x{z �~N Q z
�I� z �~ý z Z v�x �~N v IKG = QS��� uwv � v R z [ z Qw�IR4W � � �;k�NµQ z�v�x �IR ÿx N vkz�v QS��� uSv � v R z [ z QS�IR6Y=ýd�~N z Z v T6Qcb v N v R z [ uwz�v N�R\[ z QwP v YkW
�H�~N v�� [~��� uwv~� [~R QS��� uwv � v R z [ z Qw�IR��~ý z Z v´� � 
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 N��%PBQST v[Åýr[ x{z �~N � � �~� � � ýn�~N v�� [~�Á� uwv~� [V�6N�� z � x � u ýr[ x{z �~N ��z Z6[ z
x N v [ z�v YÁT\Qcb v N v R z �6N�� z � x � u Y�T v � v R6T\QSRH|V�IR x �IRMV\|I�HN�[ ÿ
z Qw�IRVY vkz�z QSRH|IYkW
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�ÆQw|I�6N v ä~ä X N Q x N��/IKG = MON x Z6Q z�vyx{z �HN v
�ÆQw|I�HN v ä~ä Q uSu �6Y z N�[ z�v Y³ZH� þ z Z v [_�6� u Q x [ z Qw�IR �~ý z Z v
[_ýd�~N v � v R z Qw�IR v T�[_�6�6N��I[ x Z�N v Y�� uwz Y¨QSR z Z v ýr[ x{z �~N�QSR6|¿�~ý
IKG = Y v N�P�Q x{v Y ýdN��I� z Z vÅx �~N vÅz � z Z v � v N�QS�\Z v N � W � Y ÿ
QSRH| z Z6QSYO[_�\�6N��I[ x Z � �6NµQSR x Qw�\[ uFx �~N v IKG = Y v N�PBQ x{v Y � �~� ÿ
� vyx{z [~T\[_� z�v N�Y � � v Y�Y�[_| v �\��b v N5[ u}u � x [ z �~NµY � ß 8 I 
 � v Y ÿY�[_| v Z6[~R6T u QSRH| � � � G U z N v [~�8N v [~T v N�Y�C þ N�Q z�v N�Y � �6N�� z � ÿ
x � uEz N�[~R\Y��·�~N z Y � �~��� vyx{z N v Y�� u P v N�Y �K8 IKG	�\[_NµY v N�Y � [~R6T
������Z6[~R6T uwv NµY��V[_N v ���%P v TL�I� z �~ý z Z v IEG = z �¾N v{ÿ
T6� x{v Q z Y�� v ���~N � ýd��� z �6N�QSR z [~R6T QSR x N v [~Y v Q z Y,L v�� Qw�\Q u Q z�� W
t [ x ZdIKG = Y v N�P�Q x{v Q z Y vyu ýÆQ}YÍT vyx �I�Á���IY v T�QSR z �¬Y��Á[ uSuwv N
� u �6|~|I[_� uwvËx �I���·�IR v R z Y z Z\[ z x [~R×� vÅu �I[~T v T×QSR z � z Z v
IKG = �IR uw�¬þ Z v RÅR vkv T v TFW
� Z\QSY)[_�6�6N��I[ x Z �6N���P�QST v Y?[ ¡��y]_^µ¦kik¢r®I^ ]~bnc Y�� u � z Qw�IRþ Z v N v�z Z vOx �I���·�IR v R z [~Y+[ þ Z6� uwv QSY v Q z Z v N�� u �6|~| v T*QSR

�~N�N v �Á�%P v T þ ZH� uwv Y�[ uSv W/�H�~N v�� [~��� uwv~��¬ �\�HN v¬xku Q v R z Y ¬
TH�ÍRH� z R vkv T z Z v 
 �~N z [_� uwv I��M� vyx{z MÍT6[_� z�v N ��
 I�ME�
�;A&n �x �I���·�IR v R z W�M x �I[_N�Y v{ÿ |~Nµ[~QSR 
 IOMØ[_N x Z6Q z�vyx{z �HN v QSYÖ�\Y v{ÿýd� u ýn�~N¿�\�HN vVxku Q v R z Y �´þ Z6Q x ZÓR vkv TøR6�)�~��� vyx{z [~T6[_� z�v N
[~R6T x [~R*N v T6� x{v=z Z v QSN�ýn��� z �6N�Q}R z � ��x �I��� uwvkz�vyuw� N v �Á�%P ÿ
QSRH|Ë[ uSu 
 I�M � vkz ZH�BT6YkW � Z6QSYÍ[_�6�6N��I[ x Z�ZH� þ´v P v N@TH� v YRH� z
v R6[_� uwv ýr�HN z Z v N x �I���·�IR v R z QW�y[ z Qw�IR*�~ý z Z v 
 IOM»ýd�~NY v N�P v N�Y þ Z6Q x ZÅTH�ÁR vkv T z Z6Q}Y x �I���·�IR v R z W
8 RÈ[	V\R v{ÿ |~N�[~QSR)[_�6�\N��I[ x Z ��z Z v 
 IOM x �I�Á���IR v R z QSYx �IR6Y�QST v N v T¬[~Y5[����IRH� u Q z Z\Q x �\Q vyx{v [~R6T¬ýd�HN z Z v N+T vyx �I� ÿ

���IY v T z � v R6Z\[~R x{vÀx �\Y z �I�ÁQ��y[_�\Q u Q z�� W � Z v 
 IOM �\N�� ÿP�QST v YOY v P v N�[ u �·� u Q x Q v Y z � x �6Y z �I�ÁQ�� v Q z Y=� v Z6[%P�Qw�~N%WÇ�H�~N
v�� [~��� uwv~�°z Z v � QSý v�z Q}� v 
 I�M»�·� u Q x{� T6Q x{z [ z�v Y þ Z vkz Z v N[ 
 IOMÓQSY�� v N�Y�QSY z�v R z �~N z N�[~R6Y�Q v R z W t [ x Z �·� u Q x{� T v V�R v YT6Qcb v N v R z � v Z6[%P�QS�~N�Y5�I� z �~ý þ Z6Q x Z¬�IR uw� �IR v�x [~RÅ� v [~Y ÿ
Y�� x Q}[ z�v T*T6�HNµQSRH| z Z vOu QSý vkz QS� v �~ýF[ 
 I�M�W 89z QSY z Z v N v ýn�~N v���IY�Y�Qw� uwv z �¼T vyx �I���·�IY vÁz Z v 
 I�M [ u �IR6|Å��� u Q x{� [ uwz�v N ÿR6[ z QwP v YkW 8 R z Z6QSY=[_|~|~N v Y�Y�QwP v [_�\�6N��I[ x Z � N�[ z Z v N z Z6[~R¼[~R
[ uSu �~NORH� z Z6Q}RH|�Y�� u � z Qw�IR � QSR\T6QwPBQST6�6[ u �·� u Q x{� [ uwz�v N�R6[ z QSP v
x �I���·�IR v R z Y x [~RÁ� v � u �H|~| v TÁQSR��~N+�I� z [~Y+R vkv T v TFW��H�~N
v�� [~��� uwv~� �ÆQw|I�HN v ä � Y�ZH� þ Y z Z v V�R v{ÿ |~N�[~QSR�[_N x Z6Q z�vyx{z �HN v
�~ý z Z v��·t
��� 
 IOM �%þ Z v N vÖv [ x Z 
 IOMÏ�·� u Q x{� QSY4ýd[ x{z �~N v T�I� z QSR z �V[VY v �\[_Nµ[ z�v¬xku [~Y�Y�Z6Q v N�[_N x Z � � � [_�6� uw� Q}RH| z Z v
U z N�[ z�v | � �\[ z�z�v N�R�� �~� � W

��QS|I�HN v ä � X_�ÆQSR v{ÿ |~Nµ[~QSR»MON x Z6Q z�vyx{z �HN v [_�\� u Q v T z � z Z v
�·t
� 
 IOM
t [ x Z)Z6Q v N�[_N x Z � Z6[~YE[~R�[_�\Y z N�[ x{z l�]g¦yi ¦{or^ ]Io�iq®~¸ [~R\T

¡��_c�¡y^�iyo�i´¦{or^ ]~o�i�®~bqia¦ x �~N�N v Y��·�IR6T6QSRH| z � z Z v �·� u Q x{� Pg[ u � v Y
��� r���� ´��i~�zöt��a{0wÍyE�u�%z�{0�H����yµ~�vZw6x�y�vZy��)��t���~�{��¯{�| �ly�t@x��§��~�vZy
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[~Y�Y�� x QS[ z�v T þ Q z Z z Z6[ z �·� u Q x{� WJ�\�HN z Z v N � �Á[~R � �~ý z Z v Y v
x �IR x N vkz�v Y z N�[ z�v |IQ v Y¿T6�ÈRH� z �Á[~QSR z [~QSRÓ[~R � Y z [ z�v [~R6T
Z6[%P v � vkv R�QS�Á� uwv � v R z�v TE�6Y�QSR6|J� uS�°þ´v Qw|IZ z �\[ z�z�v N�R�� �~� � W
� Z6Q}Y5�\[ z�z�v N�RÀ�6Y v Y�Y�Z\[_N�QSRH| z �¿Y��H�6�·�~N z=u [_N�| v R°�\��� v N�Y
�~ýEV\R v{ÿ |~Nµ[~QSR³�~��� vyx{z Y v�à¬x Q v R z�uS�~�=þ Z6Q x Z � v [~R6Y z Z v N v
QSY¨�IR uS� �IR v QSR6Y z [~R x{v �~ý z Z v Y z N�[ z�v | � W � Z v N v Y�� uwz Y¨�~ý
[_�6� u Q x [ z Qw�IR �~ý��I�HN
[_�6�6N��I[ x Z*Y�ZH� þøz Z6[ z [KV\R v{ÿ |~Nµ[~QSR v T
T v Y�QS|IR x [~R � v Z6[ u ý,� � n � z Z v Y�Q�� v �~ý�[����IRH� u Q z Z6Q x QS��� uwv{ÿ
� v R z [ z Qw�IR�[~R\T �~vkz � v Y�Q}��� uSz [~R v �I�6Y uw� �6N v T6Q x{z [_� uwv � < ���
[~R6TVZ\Qw|IZ ÿ � v N�ýd�~N��Á[~R x{v � < � � W
M z¿z Z v �\[~Y v �~ýSI 
 �Ot?N � Q}Y z Z v [_ýn�~N v � v R z QS�IR v T
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