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Velvet sensor 2

Velvet sensor 1

Polhemus emitter
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2. Upper arm vector 3. Lower arm vector
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+f+36OE,45/8.Ae��|-5)A>�BD-k85),/[1,4J/"?,+.L'85+<>O7,-N>;R 1,+g8bLc)Q:;7A?U`9:�B >;R 8b),/ . * � * � *,�|8c:;-�(OGI-513/"L'+39VL
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(*),+.- / *21K/'45+<6=/"798 8b/'-J8b- 8b)A/ T /"-j8Y7,/X8IBY>;4)(�-J8545E,LX8bE,4J/n+.?,/"798b+&9V/"?=+<7=/�*213/"4J+<6=/"798Y��>O7
+.85- 6O/"7A/"4b:\^<+<-5:\8b+.>O7U85>=7A/'B�E,-J/"4J-l:;7A?�7A/'B 8b:;-)(P-"e

� �"! #%$'&

(*),+.-~/ *21K/'45+<6=/"798�:;+<6=-[8b>�?,/X8b/"4J6 +.7,/�),> B BN/"^<^a85),/ 7A/'8IBN>O4)( 6O/'7,/"45:;^<+.-5/"-�85>�7,/XB
E,-J/"45-'e�$�8NBD+.^<^V:\^<-5>~?,/X8b/"4J6 +.7,/*8b),/n: T +.^<+g8I`�>;RK8b),/�7,/X8IBY>O4�(i8b>�6;/"7,/'4b:;^.+<-5/k85>�Lc)V:\7 6O/"-
+<7�8b)A/�8b:;-)( e0(*)A/ /'4545>;4|L":;E,-5/'? T `M45/ GH:\8J8c:;Lc),+.7 6F8b),/=-5/'7,-5>;45-�L":;7�:\^<-5> T / ?A/'8b/'4jG
6=+<7,/'?�e

� �bp qsrDtvuNwf$XxFyv$'z|{

�l+&% /'45/"798m:;1,1,^.+<L�:�8b+<>;7,-�)V:��O/0?,+&% /'45/'7P8�45/ 4 EA+<45/'6 /'798b-"e � ),+36O),^.`�-513/"L"+<:;^<+.-5/'?�8c:\-)(
6 : `�>O7,^g`m)V:��O/n:�^<+.6 +g8b/"?�7 EA6 T /'4 >;R EA-5/"4J-NL":;1V: T ^</*>;RK1K/'4JRS>O4J6 +.7 6l85),/"6�ZP+<7mBD),+.Lc)
L�:\-5/=+.8~+<-�1,^<:;E,-5+ T ^</m85>�854b:;+.7MEA-5/"4HGI-J1K/'L"+39,L;Zf8b:;-)(OGI-J1K/'L"+&9VL 7A/'8IBN>O4)(P-"e ' 8b)A/"4�8c:;-�( -
6 : ` T /�6 >O4J/ 6O/'7,/"45:;^ ZV:\7,?F?,/"-J+	6O7A/"?QRS>O4kE,-J/ T `0:;79`F1K/'45-J>O7�e�$I7F8b),+.-*L�:;-J/�+.8*6 :�`
T / T /X8585/"4l85>08b4b:\+<7�:0E,-J/"4HGI+<7A?,/"13/"7,?A/"798�Z�8b:;-)(OGI+.7,?,/'1K/'7,?,/"798�7,/X8IBY>;4)( e�(�>F/�*21,^.>O45/
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�OeD(*),/�E,-J/"4�)V:;-*8b45:;+<7A/"?�:iE,-5/'4jGI-J1K/'L"+&9VL�7,/'8IBN>O4)( e
�2eD(*),/�E,-J/"4�L">O798545+ T EA8b/'?�+.708b4b:\+<7,+.7 6�:iE,-5/'4jGI+.7,?,/'1K/'7,?,/"798n7,/'8IBN>O4�(3e
oAeD(*),/�E,-J/"4=)V:;-=7,/'�;/"4UEA-5/"? 8b),/�-J` -j8b/"6 T /'RS>O4J/-
S-5>�8b),/X` 6mE,-J8=E,-J/C:ME,-5/'4jG
+.7,?,/"13/"7A?,/"798�7,/'8IBN>O4�( 0 e

} :;Lc) -5L'/"7V:;4J+<>�)V:\-=�C1V:;4J85-"e �f:;4j8=:C8b/'-J8b-�:C8b:;-)(OG�-513/"L"+&9VLF7,/X8IBY>O4�( ZY:;7A? 1,:;4J8 T
8b/'-J85-0:M8b:;-)(OG�+<7,?,/'1K/'7,?,/'7P8U7,/'8IBN>O4�(3e ' 7,^.`@85),/ . * � * � *,��7,/'8IBN>O4�(3ZD+.?,/"798b+&9V/"? +<7
/�*213/"4J+<6=/"798n�2ZV+<-k85/"-j8b/"? e
$I7M:;^<^�-5L'/"7V:\45+<>;-[8b),/i7,/X8IBY>;4)(�+<-n8b4b:\+<7,/'?�>O7�?V:\8b: 69:\8b)A/"45/'?�+<7�8b)A/i+<7,+g8b+_:\^�-J/"-J-5+<>;7

 -J/"-J-5+<>;7�� 0 e (�>�?,/X8b/'456=+<7,/�85),/�/'454J>O4Q+<798b4J>2?,EAL"/"? T ` 45/XGI:\858b:;Lc),+.7 6@8b),/M-5/'7,-5>O4
:;7,? 45/ GI6=/�:;-JE,45+.7 6@8b),/�> % -J/'85-"Z�8b),/M7,/X8IBY>O4�( +<-Q8b/"-j8b/'? >O7 ?V:\8c: 69:\85),/"4J/"? +.7 :
?,+&% /'45/"798�-5/'-5-5+.>O7 
S-5/'-5-5+.>O7 � 0 e (*),/�-5/'7,-5>O4J-�BN/"4J/�45/ GH:\8J8c:;Lc)A/"? :\7,? 85),/�>�% -J/'8b-
BN/"45/�4J/XGI6=/�:\-5E,4J/"?�Z,/ *A:;L'85^.`Q:;-k85),/'` BY>;E,^<?FBD),/'7C:iE,-J/"4D+<-29,45-J8D-J/'8�E,1F8b>�E,-J/�8b),/
-J` -j8b/"6�e�(*),/U/"454J>O4�+.798b45> ?,E,L'/"? T `�?,>O+.7 6C-J>�L�:;7 T /U?A/'8b/'456=+<7,/'? T `�L'>O6=1V:;45+.7 6
8b)A/=13/"4jRS>O456 :;7,L'/m>;R 8b),/�7,/X8IBY>;4)(�>O7�?V:\8b:0RS45>O6�-5/"-J-5+.>O7 �iBD+g8b)�+.85-[1K/'4JRS>O4J6U:\7,L"/
>O7�?V:\8b:�RS4J>O6 -5/'-5-J+<>O7��2eY(d: T ^./ � e.�~-5),> BD-�8b),/~?V:\8b:=E,-J/"?�RS>O4*8b4b:\+<7,+.7 6,e (*),/~?V:\8c:
E,-J/"?�RS>;4k8b/"-j8b+.7 6�+<- 6O+g�O/"7�+<708b: T ^./ �2e�� e

� L"/'7V:;4J+<> (d:;-)( �l:\8c: � /X8 
hRS45>O6 >O45+36O+<7,:;^ (d45:;+<7,+.7 6 � :;^<+.?V:\8b+.>O7
1V:\4J8b+.L"+.1V:;798b- � G +�0

� : �D>;8b:\8b+.>O7 �"G�45>;8jGc�OZ � � ��� � ���
� T �n:\7,?,>O6 �"G�4b:;7A?2Gc�OZ � � ��� � ���
�;: �D>;8b:\8b+.>O7 :\^<^gG�45>;8jGc�OZ � � ��� � ���
� T �n:\7,?,>O6 :\^<^gG�4b:;7A?2Gc�OZ � � ��� � ���
oO: �D>;8b:\8b+.>O7 :\^<^gG�45>;8jGc�OZ � � ��� � ���
o T �n:\7,?,>O6 :\^<^gG�4b:;7A?2Gc�OZ � � ��� � ���

(f: T ^</ �2eg���a(�4b:;+.7,+<7 6i?V:\8c:i+.7�/ *21K/'45+<6=/"798noAe

� ��� � rDt���� y�t
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� L"/"7,:;45+.> (f:;-�( �[:\8b: � /X8 (d/'-J8b+.7 6
+ 4J>O6 >;45+	6;+<7V:;^ +V4J>O6 7,/XB
1V:;4j8b+.L"+<1,:;798b- � G + 1V:\4J8b+.L"+.1V:;798b- �lG �

��: �D>;8c:\85+<>O7 �"G�45>;8jG � � � �;���
�'GI),+36O),4J>;8JG � � � �;���

� T ��:;7,?A>O6 �"G�45>;8jG � � � �;���
�'GI),+36O),4J>;8JG � � � �;���

�\: �D>;8c:\85+<>O7 �"G�45>;8jG � � � �;���
�'GI),+36O),4J>;8JG � � � �;���

� T ��:;7,?A>O6 �"G�45>;8jG � � � �;���
�'GI),+36O),4J>;8JG � � � �;���

o;: �D>;8c:\85+<>O7 � �"G�45>;8jGc� � �;���
� �'GI),+36O),4J>;8JGb� � �;���

o T ��:;7,?A>O6 � �"G�45>;8jGc� � �;���
� �'GI),+36O),4J>;8JGb� � �;���

(d: T ^</��2e ���a(�/"-j8b+<7 6=?,:\8c:i+<7Q/ *A13/"4J+<6=/"798noAe

� 7U+<7,L'45/�:\-5/[+.7U/"4J45>O4N>;R � E,-j8kE,7,?A/"4[�[L'/"798b+.6 /X8b/'4Y+<-N> T -J/"4J�;/"?Q+<7 6 >;-J8NL�:;-J/"-kBD),/'7
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3. Offset positions2. Transoform co-ordinate systems

1. Initial sensor readings
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lnm Yf^agNd mpoUm%qrm-s lSm Y\WaT mpoUm%qPmts lSmvu W_Tpw mpoUm%qrm-s

x �Ny � q z|{}z|or~ z.{�z|o�z z.{�z|o�s
x � o x � q z|{}z|oPz z.{�z|oPq z.{�z|oPq
x � q_� � q z|{}z)z�� z.{�z|o�s z.{�z|o�z
x � s�q � q z|{}z)z)� z.{�z|oPq z.{�z|o�z
x � � � � � q z|{}z|or~ z.{�z|oPq z.{�z|o��
x �Ny �Ny � q z|{}z)z)� z.{�z|o�z z.{�z|o�z
x � orq � oPq � q z|{}z)z x z.{�z|o�z z.{�z)za�
x � o x � o x � q z|{}z)z�� z.{�z)za� z.{�z)za�
x � qaz � q_z � q z|{}z)z�� z.{�z)za� z.{�z)za�
x � q_� � q?� � q z|{}z)z�~ z.{�z)z)q z.{�z)z y
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lnm Yf^agNd mpoUm%qrm-s lSm Y\WaT mpoUm%qPmts lSmvu W_Tpw mpoUm%qrm-s

x �Ny �Ny � q z|{}z|oPz z.{�z)z x z.{�z|o�z
x � orq � oPq � q z|{}z|oPz z.{�z)z x z.{�z)za�
x � o x � o x � q z|{}z)z)� z.{�z)z x z.{�z)za�
x � qaz � q_z � q z|{}z)z)� z.{�z)z x z.{�z)z y
x � q_� � q?� � q z|{}z)z y z.{�z)z x z.{�z)z y
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� Yp^_bcgNRUd � Yp^abegNbcg�� � ^agNd � R�[%Tpbeg�� d�^_T ^ -LW)[\beTpbeW)g�^a`FR�Y\YfW)YC� �2R TpR�Y\[��
W)g! �^aY%Tpb#"�b$ N^ag�T ]_^a`ebcd�^?TpbcWag �0dN^_T ^ % beTpw|W'&|T)(+* % beTpw,(+*

l lnm YfW_T m o.- q lnm YfW_T mts z|{}za��z.o)oP� z|{}z)sa�=~_s��
/ � m Y\WaT m-s z|{}z y q?�NoPs z|{}za�No)oP~.o
/ 0 m Y\WaT m-s z|{}z x q_�)��q z|{}za�=~as_��s
/ 1 m YfW_T mts z|{}z��)q?�=� y z|{}z�~.oPsasa�
/ k m YfWaT mts z|{ oPs x orq x z|{ oPz)s�q_z��
/ 2 m YfWaT mts z|{}z��)~a�az�q z|{}z)s|orqaq)�

� � m Y\WaT mpo'-�q lnm YfW_T mts z|{ orq.oP�.oP� z|{ oPz�~)�_z�q
/ � m Y\WaT m-s z|{}z|o y o x z z|{}z)z y)y q y
/ 0 m Y\WaT m-s z|{ oPz|oaor~.o z|{}z�� y q_��q
/ 1 m YfW_T mts z|{}z y oaoPs|o z|{}z�~)q)�a~ x
/ k m YfWaT mts z|{ o)or~a~ x � z|{}z y z)s_�=�
/ 2 m YfWaT mts z|{}z x o�� y � z|{}z)s�qa�)�.o

0 0 m Y\WaT mpo'- q lnm YfW_T mts z|{}z�~ y � y s z|{}z)s y � x q
/ � m Y\WaT m-s z|{}z��_� x y � z|{}z�qa� x �)s
/ 0 m Y\WaT m-s z|{}z�qaz)~az)z z|{}z|o����)� y
/ 1 m YfW_T mts z|{}z x qDor~az z|{}z)s|orq_�|o
/ k m YfWaT mts z|{ oPs)s_��s y z|{}z)� y q_s�~
/ 2 m YfWaT mts z|{}z y s)~asa� z|{}z)s�qas.oPs

1 1 m YfWaT m o'-�q lnm YfW_T mts z|{}z y s x ��z z|{}z x ��z y �
/ � m Y\WaT m-s z|{ orq y ~)�)q z|{}z��aza�a�=�
/ 0 m Y\WaT m-s z|{}z��a�)�)qas z|{}z)s x �)qaz
/ 1 m YfW_T mts z|{}z)s�qa~ y ~ z|{}z�qaz�~a~ y
/ k m YfWaT mts z|{ oPs�q y orq z|{}z y ��q_� y
/ 2 m YfWaT mts z|{}za�)�)�)s�~ z|{}z|o y q?� y

orqas
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W)g! �^aY%Tpb#"�b$ N^ag�T ]_^a`ebcd�^?TpbcWag �0dN^_T ^ % beTpw|W'&|T)(+* % beTpw,(+*

k k m YfWaT m o'-�q lnm YfW_T mts z|{ oP� x �)�=� z|{ o x q y z y
/ � m Y\WaT m-s z|{ o)o x z�qaz z|{}z x oPs x)x
/ 0 m Y\WaT m-s z|{ or�azas��)� z|{ o�� x z.oPs
/ 1 m YfW_T mts z|{ o��=q y � y z|{ o)orqa�az|o
/ k m YfWaT mts z|{}z�qa�)q.oPz z|{}z|oP�)z x q
/ 2 m YfWaT mts z|{ or~ yay �az z|{}z)�)z�~a~as

2 2 m YfWaT m o'-�q lnm YfW_T mts z|{}z)��~ x ~as z|{}z�~_�=~?�=~
/ � m Y\WaT m-s z|{}z��a�)~.oPs z|{}z)s)z)za���
/ 0 m Y\WaT m-s z|{ o)o���~a�a� z|{}z)sa�No y �
/ 1 m YfW_T mts z|{}z x y ~ x q z|{}za��za���)q
/ k m YfWaT mts z|{ o��)��~_�)� z|{}z)� y)yay z
/ 2 m YfWaT mts z|{}z|oP�az�~ y z|{}z)z y � y q

l `c` l `c` m Y\WaT mpo'- q lnm YfW_T mts z|{}z��)�DoPs)� z|{}z x)x zas)s
/ � m Y\WaT m-s z|{}z�qa�)�_�=q z|{}z|o)oP�az�~
/ 0 m Y\WaT m-s z|{}za�=qDoPz�~ z|{}z)s�q)�_sa�
/ 1 m YfW_T mts z|{}za��sas|or� z|{}z)s)z)z x �
/ k m YfWaT mts z|{}z�� x z)�|o z|{}z�~as�~aq)~
/ 2 m YfWaT mts z|{}za�No x za� z|{}z|o x)x ~az

orq_�
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% b TpwNW'&.T�(+* % beTfw (+* % beTfwNW'&|T�(+* % beTpw,(+*
l z|{�z_��z|o)oP� z|{�zasa�=~as�� z.{�z��Do x oP� z|{}z�~_�a�=~)q
� z|{�z.o y o x z z|{�zaz y)y q y z.{�z)� x s|o)o z|{}z��azaz|o��
0 z|{�z)qaz�~az)z z|{�z.o������ y z.{�z y q_�=~ y z|{}za� x z�~a�
1 z|{�zas�q)~ y ~ z|{�z)qaz�~)~ y z.{�z)�as)�)s x z|{}z�~)~a�a�)�
k z|{�z)qa��q.oPz z|{�z.oP�)z x q z.{eor~ x �|o y z|{ o)o����)q y
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W)g! �^aY%Tpb#"�b$ N^ag�T ]_^a`ebcd�^?TpbcWag �0dN^_T ^ % beTpw|W'&|T)(+* % beTpw,(+*

l lnm YfW_T m o.- q lnm YfW_T mts z|{}za��z.or�as z|{}z)sa�=~a�a�
/ � m Y\WaT m-s z|{}z y s)q)�)� z|{}za�NorqDoP�
/ 0 m Y\WaT m-s z|{}z��asas|oPz z|{}za� x �.o x
/ 1 m YfW_T mts z|{}z x o�s x q z|{}za�=q y ~a�
/ k m YfWaT mts z|{ orq)�_s|orq z|{}z)��~)�a�az
/ 2 m YfWaT mts z|{}z x s.o)oPs z|{}z�q y �)~)~

� � m Y\WaT mpo'-�q lnm YfW_T mts z|{ orqas.o���s z|{ oPz x �as�q
/ � m Y\WaT m-s z|{}z|o x �a�)z z|{}z)z y �az)�
/ 0 m Y\WaT m-s z|{ oPz)sa�)��~ z|{}z y x � x �
/ 1 m YfW_T mts z|{}z y ~a�)q x z|{}z�~a�)�a��~
/ k m YfWaT mts z|{ o)o)o�z�~)q z|{}z��)~)�_�)s
/ 2 m YfWaT mts z|{}z��.o�s y x z|{}za��sa���)�

0 0 m Y\WaT mpo'- q lnm YfW_T mts z|{}z��)q?� y ~ z|{}z�~ x sas��
/ � m Y\WaT m-s z|{}z y qa�as�~ z|{}z)sa���)� x
/ 0 m Y\WaT m-s z|{}z�q.oaoPs y z|{}z|o x ~ x o
/ 1 m YfW_T mts z|{}z�~a� x y x z|{}z)s)s)z_�No
/ k m YfWaT mts z|{ o)or�Dorq_� z|{}z y z x �|o
/ 2 m YfWaT mts z|{}z��a�a�|o y z|{}z)s�~)�Dorq

1 1 m YfWaT m o'-�q lnm YfW_T mts z|{}z y qa�a�)� z|{}z x �.oP�az
/ � m Y\WaT m-s z|{ oPs x ��z�q z|{}z��)�)�a�)q
/ 0 m Y\WaT m-s z|{}z��)�?�No y z|{}z)s��_�)�)s
/ 1 m YfW_T mts z|{}z)s�~a~ x � z|{}z�q)q)q x)x
/ k m YfWaT mts z|{ oPs x ~as x z|{}z)�|oPz)~ y
/ 2 m YfWaT mts z|{}z�~)�Dorq y z|{}z�q)q)�a� y

oPs�q
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k k m YfWaT m o'-�q lnm YfW_T mts z|{�qaza�|oPz�q z|{ o x y z)�)~
/ � m Y\WaT m-s z|{ oPz�� y)y � z|{}z�~ x ~Dor�
/ 0 m Y\WaT m-s z|{ o x �)�_�=q z|{ o��)� y x q
/ 1 m YfW_T mts z|{ or~ x z)s x z|{ orq)q x � y
/ k m YfWaT mts z|{}z�q)�a�a�)z z|{}z|or�a�a�|o
/ 2 m YfWaT mts z|{ or~ x s)��� z|{}z y)y x za�

2 2 m YfWaT m o'-�q lnm YfW_T mts z|{}z�� xax ~as z|{}z)s|o y x ~
/ � m Y\WaT m-s z|{}z y �_�)��q z|{}za��z)� x)x
/ 0 m Y\WaT m-s z|{ o)oPz x ~ y z|{}z)s�~)~_s)�
/ 1 m YfW_T mts z|{}z��az)~)qa� z|{}za��s y s)s
/ k m YfWaT mts z|{ o����as�q)q z|{ oPz)sa��qa�
/ 2 m YfWaT mts z|{}z|or�a~a��q z|{}z)z y zaz)s

l `c` l `c` m Y\WaT mpo'- q lnm YfW_T mts z|{}z��a�)�_��z z|{}z x �)z)�.o
/ � m Y\WaT m-s z|{}z)s|oPq.oPz z|{}z|orq_�)� x
/ 0 m Y\WaT m-s z|{}za��zaz)za� z|{}z)s|oPsaz)s
/ 1 m YfW_T mts z|{}z)s)� x o y z|{}z�q x zaz��
/ k m YfWaT mts z|{}z�� y ~ y)y z|{}z�~ x y q)�
/ 2 m YfWaT mts z|{}z)s��aq)�)� z|{}z|oPs)� y)y
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% b TpwNW'&.T�(+* % beTfw (+* % beTfwNW'&|T�(+* % beTpw,(+*
l z|{�z_��z|or�as z|{�zasa�=~)�a� z.{�z y o x �)~ z|{}z�~.oao��)�
� z|{�z.o x �a�)z z|{�zaz y �)z)� z.{�z)�a�)z x z z|{}z��_��~as)s
0 z|{�z)q.o)oPs y z|{�z.o x ~ x o z.{�z y qas)�)z z|{}za� y or~.o
1 z|{�zas�~)~ x � z|{�z)q)q)q x)x z.{�z)� y z�~)� z|{}z�~a�)q)~_�
k z|{�z)q)�)�a�)z z|{�z.or�a�)�|o z.{eor~ y)y s)s z|{ o)o x o��No
2 z|{�z.or�)~a��q z|{�zaz y z)z)s z.{�z)�a�)z)s|o z|{}z�~.oaorq x
l `c`
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�LYf^abcgNRUd � Yp^abegNbcg�� � ^agNd � R�[%Tpbeg��2dN^_T ^ -LW)[\beTpbeW)g�^a`FR�Y\YfW)YC� �2R TpR�Y\[��
W)g! �^aY%Tpb#"�b$ N^ag�T ]_^a`ebcd�^?TpbcWag � 1 ^_T ^ % beTpw|W'&|T�(+* % beTpw,(+*

l lnm YfW_T m o.- q lnm YfW_T mts z|{}z)s y ~ x ~ z|{}z)s)s)s_� y
/ � m Y\WaT m-s z|{}z)�)za�)z�q z|{}za�����a�_�
/ 0 m Y\WaT m-s z|{}z x s)�)~_� z|{}za� x s x)x
/ 1 m YfWaT mts z|{}z��)qa~)~)~ z|{}za����~aq y
/ k m YfWaT mts z|{ orq.o�z|oP� z|{}z)��~_� y x
/ 2 m YfWaT mts z|{}z�� x ~az�~ z|{}z)s|orq x �

� � m Y\WaT mpo'-�q lnm YfW_T mts z|{ o)o y z��)~ z|{ oPz)z y z)s
/ � m Y\WaT m-s z|{}z|o x s)s|o z|{}z)z y x oP�
/ 0 m Y\WaT m-s z|{ oPz y q y z z|{}z y z�q?�=q
/ 1 m YfWaT mts z|{}z y x �a� y z|{}z�~a��~_s)s
/ k m YfWaT mts z|{ o)o x o)o)o z|{}z�� y)y �=�
/ 2 m YfWaT mts z|{}z x �_z)s y z|{}za�=~.oP�)q

0 0 m Y\WaT mpo'- q lnm YfW_T mts z|{}z x s.oPs�~ z|{}z)s�qasa��~
/ � m Y\WaT m-s z|{}z)� y ��q)~ z|{}z�~ y �|oPz
/ 0 m Y\WaT m-s z|{}z|oP�_� y � z|{}z|o x q x y
/ 1 m YfWaT mts z|{}z x q y �az z|{}z)s�~as.oPs
/ k m YfWaT mts z|{ oPs|oP~)�.o z|{}z)� y x � x
/ 2 m YfWaT mts z|{}z��)~aq.o y z|{}z�qasa��� x

1 1 m YfWaT m o'-�q lnm YfW_T mts z|{}z x ~a�)�.o z|{}za� x q_z��
/ � m Y\WaT m-s z|{ oPza���)�)q z|{}za���)� y ~
/ 0 m Y\WaT m-s z|{}z�� xax �az z|{}za�=q_�)z)�
/ 1 m YfWaT mts z|{}z)s y ~_�=� z|{}z�q.or~_s x
/ k m YfWaT mts z|{ oPs)z)�)qa� z|{}z y � x �)�
/ 2 m YfWaT mts z|{}z x oaor~)~ z|{}z�q.oP�_� x

oPs�~
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W)g! �^aY%Tpb#"�b$ N^ag�T ]_^a`ebcd�^?TpbcWag �0dN^_T ^ % beTpw|W'&|T)(+* % beTpw,(+*

k k m YfWaT m o'-�q lnm YfW_T mts z|{�qaz)zas x)x z|{ o x s)�az�~
/ � m Y\WaT m-s z|{ o)oPs x �_� z|{}z x q)q x q
/ 0 m Y\WaT m-s z|{ o y � x ��� z|{ o�� x �)~az
/ 1 m YfW_T mts z|{ or~)~Dorqaz z|{ orqasa�)z)z
/ k m YfWaT mts z|{}z�q x �)~az z|{}z|o y s)~)�
/ 2 m YfWaT mts z|{ or~a�)� x s z|{}z y � y q)~

2 2 m YfWaT m o'-�q lnm YfW_T mts z|{}z)� x s y q z|{}z)s x y �)q
/ � m Y\WaT m-s z|{}z)�a��~)~_� z|{}za��sa�)s��
/ 0 m Y\WaT m-s z|{ oPz x ��s y z|{}z�q y o�� y
/ 1 m YfW_T mts z|{}z��az)~_��s z|{}za�)��zaz�q
/ k m YfWaT mts z|{ or~.o�z y q z|{ oPza� xax z
/ 2 m YfWaT mts z|{}z|o x s)�|o z|{}z)z y z)~ y

l `c` l `c` m Y\WaT mpo'- q lnm YfW_T mts z|{}z y)y x or~ z|{}z�� y �)q y
/ � m Y\WaT m-s z|{}z�q)�aq_�=q z|{}z|oPz)�_� x
/ 0 m Y\WaT m-s z|{}z)s x ��~)� z|{}z�q y x �)�
/ 1 m YfW_T mts z|{}z)s y x o)o z|{}z�q)~)�_z x
/ k m YfWaT mts z|{}z��)qa� y z z|{}za��� y q_�
/ 2 m YfWaT mts z|{}z)s y �=~)~ z|{}z|or~a�.o y
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� Yp^abegNR�d -LW)[\beTfbcW)g�^_`KR�Y\YfW)Y W)g + R�^ag  W)[\beTpbeW)g�^a`FR�Y\YfW)Y W)g
W)g  N^aY\Tfb$"�b# �^ag�T [p^�� R  �^aY\Tfb$"Ub$ �^ag�TC� �2R TpRUYf[�� WaTpwNRUY� �^aY\Tfb$"Ub$ �^ag�Tf[C� � RUTpRUYf[ �

% beTpw|W'&|T�(+* % beTfw (+* % beTpw|W'&|T�(+* % b Tpw,(+*
l z|{}z)s y ~ x ~ z|{�zas)s)sa� y z|{}z y ���_�=� z|{}z�~_�)� y ~
� z|{}z|o x sas|o z|{�zaz y x oP� z|{}z)�)��q_�)z z|{}z��)qa�|o��
0 z|{}z|oP�a� y � z|{�z.o x q x y z|{}z y x s_�)� z|{}za��� x ~ y
1 z|{}z)s y ~?�=� z|{�z)q.or~as x z|{}z y � y oP� z|{}za��� x ��~
k z|{}z�q x �a~az z|{�z.o y s�~)� z|{ o x s)s)q_� z|{ o)or�)q x y
2 z|{}z|o x sa�|o z|{�zaz y z�~ y z|{ oPz)s y z)z z|{}z�~.o���s_�
l `e`

� �

z|{}z�~aza�a��s z|{}z)sa���)�_�
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� Yp^_bcgNRUd � Yp^abegNbcg�� �A^agNd � R�[%Tpbeg��2dN^_T ^ -LW)[\beTpbeW)g�^a`FR�Y\YfW)Y,� � RUTfR�Y\[��
W)g T ^a[ � ]_^a`ebcd�^_TfbcW)g �0d�^?T ^ % beTpw|W'&|T�(+* % b Tpw,(+*
�+^ag|dNW � l `c` m Yp^_gNd m o.- q lnm Yp^_gNd mts z|{}z��asa� y o z|{}z�~as)z.o x

/ � m Yf^agNd m-s z|{}z�~a� y ��~ z|{}z�q)~ y s|o
/ 0 m Yf^agNd m-s z|{}z�~as)sas�q z|{}z�q x �_s y
/ 1 m Yp^ag|d mts z|{}z)�)za�)� y z|{}za� x ~a~az
/ k m Yp^agNd mts z|{}z��_�=�a~az z|{}z�~as�~aq)~
/ 2 m Yp^ag|d mts z|{}z��az)s x � z|{}z�q y ��~a�
/ lSm YfWaT mts z|{}z)� y s)�_� z|{}z��as)s_��s
/ � m Y\WaT m-s z|{}z y �)q_z)� z|{}z�~as)�)qaz
/ 0 m Y\WaT m-s z|{}z y ~asa�a� z|{}z x s|o�s)�
/ 1 m YfWaT mts z|{}z y �)z.oP� z|{}z x)x y z|o
/ k m YfWaT mts z|{ or~ x ��q)~ z|{ orq y o y �
/ 2 m YfWaT mts z|{}z x y s_�)� z|{}z�q x s.oPs

�nWaT ^?TpbcWag l `c` m YfW_T m o.- q lnm Yp^_gNd mts z|{ o��)�=~ x z z|{}z y ~)qaqaz
/ � m Yf^agNd m-s z|{ orq.or�?�=~ z|{}za�=�_�)s�~
/ 0 m Yf^agNd m-s z|{ oPs)s)z)�as z|{}z x ~)~a�_�
/ 1 m Yp^ag|d mts z|{ o��=~as x o z|{}z y � y ~)~
/ k m Yp^agNd mts z|{ o��Norq_za� z|{}z�~a�)�az)�
/ 2 m Yp^ag|d mts z|{ oPs�q_���)q z|{}z�~_��z_��z
/ lSm YfWaT mts z|{}z��)�.o�s)� z|{}z x)x zas)s
/ � m Y\WaT m-s z|{}z�qa���?�=q z|{}z|o)oP�az�~
/ 0 m Y\WaT m-s z|{}za�=q.o�z�~ z|{}z)s�q)�_sa�
/ 1 m YfWaT mts z|{}za��s)s.or� z|{}z)s)z)z x �
/ k m YfWaT mts z|{}z�� x za�|o z|{}z�~as�~aq)~
/ 2 m YfWaT mts z|{}za�No x za� z|{}z|o x)x ~az

oPs y
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W)g T ^a[ � ]_^a`cbed�^_TfbcW)g �;d�^_Tp^ % b TpwNW.&|T�(+* % b Tpw,(+*
� WaTfw l `c` m-u WaTpw mpo'-�q lSm Yp^agNd mts z|{}z x)x �)�a� z|{}za� x za� y

/ � m Yp^_gNd mts z|{}z��az y)y ~ z|{}z)s|or~_� y
/ 0 m Yp^_gNd mts z|{}z x ��~)~_� z|{}z)s��az|o�s
/ 1 m Yp^agNd mts z|{}z)�a�=~)q y z|{}z�~as�q xax
/ k m Yf^agNd m-s z|{}z��)~_�NoP~ z|{}z�~.o x y �
/ 2 m Yp^agNd mts z|{}z��as)z|o y z|{}z�qa���)q?�
/ lSm YfWaT mts z|{}z x q)�)~?� z|{}z�~az)��q y
/ � m YfW_T mts z|{}z)s)s x � y z|{}z|orq.o)o�z
/ 0 m YfW_T mts z|{}za�NoP� y ~ z|{}z)s�qas)s.o
/ 1 m YfWaT mts z|{}za� y x s)� z|{}z)s)z�~.oPq
/ k m Y\WaT m-s z|{}z y s x s)� z|{}z�~ x or~Do
/ 2 m Y\WaT m-s z|{}z�~)q.oPz y z|{}z�q x oP�a�
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