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< �! �! � }dj j���j^�^g!{*u=gk}dj�� gk{�ndn~fymd�Uuvadmd�-gkfy{*m ����������������������������� �B#
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< �$# �! `�g p�grj�� �*p�qrfsp�cdtyj^��cxp*�ij
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< �*) � j
�ify��m~fymd�Wgr}dqrj^j�� l~fyeLj
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< �*)�� � � }dqrj^j�� l~fyeLj
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{*�ig7uvadmd�$�
gkfh{�mJcxp*�ij
loldfyqij
�^g�� �ij5p*qi� }PeLj^gk}~{bld� ���������������������������������������7���(<
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p*tsp*q�gr}dj
{*qi� eL{bl~j
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� �  3��gk}dj^q|g p*qi��j^g;cxp��rj
l��
{�� g;uvadmd�^grfy{�m~� ���������������������������������������7�(#1 

� � � � � ��
 � 	���2 . �5+ �



� � 	 � ��� � ����� 	 �:	

� � � *F{�eLnda~grj
q;��j
m~j
qkp)gkj
lo}d{�th{���qrp*e �^{�md�^j
n~g �����������������������������������]�3 
 � � �@th{ � � }xp*q g!{*uRpWg ��ndfh�5p*t ndqi{>=ij
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��adfhqrj^l�fhe�p*�*jB�r}xp�n j^� � �������������������������������A;*�
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< � ��� *�� � grfyeLj ��� �7gk{�g p*t m�adeCc j^q!{�u@}d{*ty{���qrp*e]n~f �bj
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mzg!m�adeWc?j
qi�.{*u nd}xp��rj�tyj���j
th� � ��������������<z�
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< �! B' � j
m }d{�ty{*��qkp*eL�Bp�mdl qrj
�^{�md� gkqra~�^gkfh{�md�9ldj^�rfh��mdj
l ad�ifymd� ldf ��j^qrj^m�g�� g p*q gkfhmd�

�
{*mdldfhgrfy{�m~� � ��������������������������������������������������������������� �D 
< �! b� � j
p*�radqij
lUwxmxp*tbj�,L�
fhj
md�-�Up*mdl j^�igrfye�p�gkj^lWj�,L�
fhj
md�-����������� �
	^���b���7�igr{�ndndfhmd�

nxp*qrp*eLj^gkj^q �
����������������������������������������������������������������� �D;
< �! D � mzgkj^md�rf g �op*mdlomd{�fy�ij ��� �Dgk}dj��igr{�ndndfhmd�Unxp*qrp*e�j-gkj^q �M����������������������� �D;
< �! B#"`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{ ��� �D�igr{�ndndfhmd�Unxp*qrp*e�j-gkj^q � ��������������������������� �B<
< �! I) � ,L�
fyj^md�^������� � gk{�ndn~fymd�Unxp*qrp*eLj^gkj^q � ��������������������������������������� �B<
< �! D; *�� � grfyeLj ��� �D�igr{�ndndfhmd�Lnxp*qkp�e�j-gkj
q�� ������������������������������������� ���
< �! B< � mzgkj^md�rf g �op*mdlomd{�fy�ijBuv{�q|ldf ��j^qrj
mzg!ndf �~j^t �rj^tyj
�-gkfh{�mJndqr{��
j^ldadqrj^� �@����������� �*�
< �! �� *�� � grfyeLj�uv{�q|ldf ��j^qrj^m�g!ndf �bj
t �rj^tyj^�^gkfh{�mJndqr{��
j^ldadqij
� �J��������������������� �*�
< �! B� � mzgkj^md�rf g ��p*mdl�md{�fh�rj ldadqifymd� {�nbgkfyeLfy�rp�gkfh{�m uv{�q ldf-� j
qij
mzgUndf �~j^t|�rj^tyj
�-gkfh{�m

ndqi{b�^j
ldadqij
��� �����������������������������������������������������������������D'
< �! *� � mzgkj^md�rf g �op*mdlomd{�fy�ijBuv{�q|ldf ��j^qrj
mzg;uvqrfhmd��jBuv{�thty{��;fym~�Wtyj���j
th� ���������������������~�
< �$#D' *�� � grfyeLj ��� �7uvqrfhmd��jBuv{�thty{��;fym~�Wtyj���j
t#�����������������������������������������1 
< �$#~� *�� � grfyeLjBn?j
q;}d{�th{���qkp�e ndf �bj
t uv{�q�uvqifymd��j.uv{�tyth{ �;fhmd�Wthj���j^ty��� �����������������1 
< �$#1 � mzgkj^md�rf g �op*mdlomd{�fy�ij ��� �Dgk{*gkp*t m�adeWc?j
q;{*u }d{�th{���qkp�e ndf �bj
ty��� �����������������D#
< �$#D# *�� � grfyeLj ��� �7gk{�g p*t m�adeCc j^q!{�u@}d{*ty{���qrp*e]n~f �bj
th� � �������������������������B)
< �$#B) � mzgkj^md�rf g �op*mdlomd{�fy�ijBuv{�q�w��*j ldf ��j^qrj^m�g!nd}dp*�rjZ�rj^tyj
�-gkfh{�mJndqr{��
j^ldadqrj^� � �������D<
< �$#1; *�� � grfyeLjBqrj^��adfyqij
lJuv{�q�w���jZldf ��j^qrj
mzg!nd}xp��rj��rj^tyj
�-gkfh{�mJndqr{��
j^ldadqrj^� � �������z�
< �$#D< � }dj.e�j
p*m�fhe�p���j|�kp*eLndthj!fhmzgkj
m~�rfhg �Ul~adqrfhmd� {*n~gkfhe�fh�kp�grfy{�md� uv{�q7w���j.ldf-� j
q"�

j
mzg.nd}xp*�ij��rj
thj
�-gkfy{*mon~qr{��
j
l~adqrj^� �����������������������������������������������D�
< �$#z� � e�p*��jU�kp*eLndthjLm~{�fy�ijLl~adqrfhmd��{*n~gkfhe�fh�kp�grfy{�md�.uv{�q9w���j�ldf-� j
qij
mzgZnd}xp*�ij��rj$�

tyj^�^grfy{�mJndqi{b�^j
ldadqij
��� ���������������������������������������������������������D�
< �$#D� � }dj ndqi{�cxp*c~fytyf g ��{*u!p*�^�
j^n~gkfhmd��pP� }xp�md��j lda~qrfym~��{�n~grfyeLfy�kp)gkfy{*md�Buv{�q w ��j

ldf ��j^qrj
mzg!nd}xp��rjZ�rj
thj
�-gkfy{*mon~qr{��
j
l~adqrj^� �
�����������������������������������������
< �$#��"�9qkp*nd}J�i}d{��;fymd�Ugk}dj�j�,��^fyj^md�^����� �Dg p�qr��j-g�� ������������������������������� �1 
< �*)1' � mzgkj^md�rf g �op*mdlomd{�fy�ij ��� �Dg p*qi��j^g � ������������������������������������������� �D#
< �*)d��`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{ ��� �7g p�qr��j-g�������������������������������������������� �D#
< �*)/ $`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{ ��� �Dl~��mxp*eLfy�$� gkp*qr��j-g|nxp*qrp*eLj^gkj^q �J������������������� �1;
< �*)1# � mzgkj^md�rf g �op*mdlomd{�fy�ij ��� ���� �
��  "��K��������������������������������������� �D<
< �*)D)(`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{ ��� �Dc�� ����������������������������������������������� �z�
< �*)/;$`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{Wuv{�q�gr}dqrj^jZl~f-� j
qrj^mzg.l~j
�rfh��mJndqr{*cdtyj^e�� ��� � c�� ������� �D�
< �*)1<"`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{ ��� �Dl�� �����������������������������������������������7�('D'
< �*)�� � fsp���qkp*e �r}~{ �;fhmd�Lqrj
�^{�md� gkqra~�^gkfh{�mo�
{�m~wd��adqkp)gkfy{*m��%�������������������������7�('~�
< �*)1� �;j
�
{*md�igrqrad�-gkfy{*md� {*u!p  � l ldj
�ify��m�p)g ��p*qrfh{�ad� ndtsp*m~j
�� vtyj^u gC�rfhldj "Cp�mdl�{*u

g p�fyty{*qrj
l # � lJldj
�ify��m~�.p)g|gk}dj��kp�e�j�ndtyp*mdj
�  vqrfh��}zg;�rfyl~j "�� �������������������7�('1 
< �*)z� � j
p*mPfhm�grj
md�ifhg � �b��� �ij
nxp�qkp�grfy{�mJ{*u qrj^�
{�md� gkqiad�^grfy{�mondtsp�mdj
��� ���������������7�('1 
< �!;B' / {*fy�rj���� �D�ij
nxp*qrp�gkfh{�mJ{*u qrj
�^{�md� gkqra~�^gkfh{�mondtsp*m~j
� � �������������������������7�('D#
< �!;b��`bfh��mxp*t � gk{
� md{�fh�rj.qkp�grfy{ ��� �D�rj^nxp*qrp�gkfh{�mJ{*u@qij
�^{�md�igrqrad�-gkfh{�m�n~tsp*mdj^� �O���������7�('B)
< �!;D � ,L�
fyj^md�^������� �ij
nxp*qrp�gkfh{�mJ{*u qrj
�^{�md� gkqra~�^gkfh{�mondtsp*m~j
� � ���������������������7�('B)
< �!;B#"�Bn~gkfhe�fh�kp�grfy{�m�gkfyeLj ��� �D�ij
nxp*qrp�gkfh{�mJ{*u qrj
�^{�md� gkqra~�^gkfh{�mondtsp*m~j
� � �����������7�('1;
< �!;I) #
� lol~fsp*��qrp*e]�i}d{��;fymd� gr}dj�fye�p*��jB�rp*e�n~tyj
�����������������������������������7�('D<



< �!;D; � #*lJldj
�ify��moqrj^�
{�m~�igkqiad�^grj
l�{��*j
q;fhgr�|ldj
�ify��mo�radq u p*�
j��:���������������������7�('z�
< �!;B< �  � l�ldj
�ify��m�qrj
�^{�md� gkqra~�^gkj^l {���j
q gk}dj.nxp*qrp*c {*tyfy�|�iadqiu p��
j��i}d{��;m fymLwx��adqij

< �!;D; �H�����������������������������������������������������������������������7�('D�
< �!;�� � *|��� p*m~l�p�mPp*qiqkp5� {�uRtyj^md�rthj^gr� �����������������������������������������7�('��
< �!;B� � e�p*��j9�kp�e�ndthj9fymzgkj^md�rf g � uv{�q;p*qiqkp5� ldj^�rfh��md� � �������������������������������7���('
< �!;*� �.{*ty{���qrp*e p*mdloqrj
�^{�md� gkqra~�^gkfh{�mJuv{�q��  �G p*qrqrp5���Lldj^�rfy�*m�� �����������������7�����
< �$<D' �.{*ty{���qrp*e p*mdloqrj
�^{�md� gkqra~�^gkfh{�mJuv{�q�� )�� )Lp*qrqrp5���Lldj^�rfy�*m�� �����������������7�����
< �$<~�7�.{*ty{���qrp*e p*mdloqrj
�^{�md� gkqra~�^gkfh{�mJuv{�q�� �
� �Up*qrqrp5���Lldj^�rfy�*m�� �����������������7�����
< �$<1 �;j
�
{*md�igrqrad�-gkfy{*mL{�u�� �
� �9p*qrqrp/���9ldj^�rfh��m �;fhgr}Up*qrqi{ �;�7fhmdldfh�5p�grfymd�!gk}dj��^{�e.�

ndthj��op*eLndthfhgka~ldj9p�g|gr}dj�fye�p*��jB�rp*e�n~tyjBn?{�fymzgr� � �����������������������������7���3 
< �$<D# � fsp���qkp*e �r}d{��;fym~� ldj
�ify��md� g p*fhty{�qij
lUgk{ p�m p*n?j
qigradqrj.qrj^�
{�md� gkqiad�^grj
lJad�rfhmd�

ldf ��j^qrj
mzg.p*n?j
q gkadqij
� �L�������������������������������������������������������7���(#
< �$<B) � fsp���qkp*e �r}d{��;fhmd���ify��mxp�t � gr{�� m~{�fy�ijBqkp�grfy{ uv{�q;ldj^�rfy�*md�!gkp*fyth{�qrj^l gk{L�rn?j
�
f wx�

p*n?j
q gkadqij
�!qrj
�^{�md� gkqra~�^gkj^l �;f gk}Jldf-� j
qij
mzg.p*n?j
qigradqrj^� � �����������������������7���8)
< �$<1; *F{�eLnxp*qify�r{*m�{*u qrj^�radt gk�Buv{�qBa~mdfhuv{�qie p*mdl ��p*ad�r�ifsp*m�fhtythade�fhmxp�grfy{�m qij
�
{*m �

�igrqrad�-gkj^lPad�ifymd�Uadmdf uv{�qre]p*mdlP�Zp�ad�r�ifsp*mJfythtyadeLfymdp�gkfh{�m�� ���������������������7���3;
< �$<D<$�7ty{*g@{*u gk}dj|fhmzgkj
m~�rfhg �Cp*th{�md��gr}dj�tyfhmdjF{�uxgk}dj;p*thnd}xp��i}xp*n?j
�7�i}d{��;mLfhmWwx��adqij

< �$<1; �H�����������������������������������������������������������������������7���(<
< �$<z�$`bfheWadtsp)gkfy{*md�@p�mdl ldj
�ify��m~�Ruv{�q w �bj^l � gkp*qr��j-g p*mdl � g p�grj�� ��p*qifsp*c~tyj
� �
{�� gRuvadmd�$�

gkfh{�md��� �����������������������������������������������������������������������7���(�
� � � � fsp���qkp*e �r}~{ �;fhmd� !�fhqr� }d}~{
��fymzgrj
��qrp*t'��j^�^gr{�qr���A���������������������������7�3 B<
� � � �.{��%gk}dj�}d{�th{���qrp*e]nd}dp*�rj�fy�|�^{�md� gkqra~�^gkj^lA���������������������������������7�3 B�
� �! � }djZj�� j
�-g.{�u@�rp*e�n~tyfym~�Up*mdlJndf �bj^tytsp)gkfy{*m������������������������������������7�3 *�



� � ��� ��� 	 �

� ��� 	 ��� � � � � ���

� m��/�B)D� � j
mdm~fy����p*c?{�q
	 ���@ndqr{�n?{��ij
l�gk}djC}d{�ty{*��qkp*e p*�Bp md{���j
t@fye�p*��fym~�Lgrj
� }dmdfh��adjWuv{�q
j
thj
�-gkqr{*moeLfy�^qr{��i�
{�nz�
� �!j�ldj
eL{�md� gkqkp)gkj
lJgk}dp�g;fhg%�Fp*�!n {��i�rfhcdtyjBgr{Lqij
�^{�md�igrqrad�-gBp�m�fhe�p*�*j
{*u p*m�{*c5=ij
�-gBuvqr{�e gk}~jWqrj^�
{�qildj
l fymzgrj
qiuvj^qrj^md�
j nxp)grgkj^qrm�{*u p �Fp���j-uvqr{�mzg��r�
p�grgrj
qij
l cz��p*m
{�c5=ij^�^g p*mdl�p��
{�}dj^qrj^m�g qrj-uvj
qij
md�^j �Fp��*j
� � }dj���p*c {*q7e�j-gk}d{�lUqrj
�^{�qrl~j
l�gr}dj;}d{�th{���qkp�e {�m
p
�bfy��� *F{�md�ij
��adj^m�grth� �;}dj
m�gk}dj^�rjB}d{*ty{���qrp*eL� �Fj^qrj�qij
�^{�md�igrqrad�-gkj^loa~m �Fp*mzgkj^l {�qrl~j
qr�+�Fj^qrj
ndqij
�rj^mzg {��*j
qrtyp*ndndfhmd�Bgk}~j!{*c5=ij
�-g ��p���j�� � mo�5�D<D#�gk}~j|ndqr{�c~tyj
e {*u?{���j
qDtyp*ndndfhmd�B{�qildj
qi� �Fp*�
�r{*t-��j^l cz��gr}dj�a~�rjB{*u {
� � p
�bfy� qrj^�
{�qildfymd���;}dfy� }Jp�tyty{�� j
lLgk}dj.{�c5=ij
�-g �Fp��*j�gk{Cc j.�rnxp�grfsp*thth�
�rj^nxp*qrp�gkj^louvqi{�e gr}dj�{*gk}dj^q;{�qrldj^qr�
	* b��#��#�

�7qkp*�-gkfy�
p*t � {�q&��{*m�}~{�ty{��*qkp*nd}z� ��p*�L�rj���j^qrj
t ��}xp*eLn j^qrj^l�cz��gr}djop*cd�rj^md�
jo{*u.}dfy�*} �
n?{ � j
qJ�^{�}dj
qij
mzgotyfh��}zg �r{�a~qr�
j^��	 )��#� � }dj fym)�*j
mzgkfh{�m({*u gr}dj tsp*�ij
q�	*;��Zp*thty{�� j
l$gk}~j l~j��
��j^ty{�n~e�j^m�go{*uC}d{�th{���qkp�nd}dfy��grj
� }dm~fy��adj
� �;}dfy� }�p*qrj md{���p*n~ndtyfhj
l({���j
q�p�c~qr{zp*l qkp�md��j
{*u7�iadc5=ij^�^gk��� � }dj^�rj fym~�
tya~ldj l~fy�rn~tsp5�J}d{�th{���qkp�nd}z���?e�fh�
qr{*�r�
{*n��*� fhmzgkj
q uvj
qi{�e�j-gkq ���?fye�p*��fym~�
gk}~qr{�ad�*} p*c?j
qrqrp�gkfhmd��{*q gka~qrcdfhlWe�j^ldfspb�*{�n~grfy�
p*t�fym~uv{�qie�p)gkfy{*mZn~qr{��
j
�i�rfhmd��	*<b�z���B�~���~�b�8'~�b�*���
p*mdl �i� ��m�gr}dj^grfy�Zfye�p*��jB�^{�md� gkqra~�^gkfh{�m ���

� gJfy���;f gk}"gk}dfh� tsp*� gJp*ndn~tyfy�
p�gkfh{�m �;�i��mzgk}~j^gkfh� fye�p*��j��^{�md�igrqrad�-gkfh{�m(ad�rfhmd���
{�eLnda~grj
q
��j^mdj
qrp�gkj^l }d{�th{���qkp�e��  *|���.�#"-�Rgr}xp�gZgk}dfh� gk}~j
�rfh�Cfh�C�
{*md�
j^qrmdj^l�� � }dj �*j
mdj^qkp*t ndqr{*cdtyj^e
fy�Zgk}dj���j
mdj^qkp�grfy{�m {*u!p�qrj^��a~fyqrj^l�fye�p*��jUuvqr{�e p ��md{��;m�fymd�^fyldj^mzg ��p��*j^uvqr{*m�gUa~�rfym~��{�mdj
{�qLe�{*qrjo{�n~gkfh�5p*t;�^{�e�n?{�mdj^mzgk� � �7�r�rj^mzgkfsp�tyth��{�m~jPldfhe�j^md�rfh{�mxp*t|ndqi{�cdthj
eL�
�Fuv{�q�fymd� g p*m~�
j
gk}~{��rj��;fhgr}�qrp*ldfyp*t {�q;tyfhmdj5p�q��i��eLe�j-gkqi�*�x�5p*m�c j��i{�t-�*j
l �*j
q �Jj5p*�ifyth���x�ifyeLndtyjBj$�~p*e�n~tyj
�;{*u
gk}~fy�;fymd�^tyadl~jCpL�rfym~��tyj�n?{�fymzg;uv{b�^ad�.p*mdl�pU�rfhmd��tyj�� gkqkp�fy��}zg.tyfym~j�uv{��
a~� � � {�qij �^{�eLndtyfh�5p�grj
l
ndqi{�cdtyj^e��|qij
��adfhqrfym~�Ugr}djZ��j
mdj^qkp�grfy{�mo{*u ��p���j-uvqr{�mzgr��md{*g!n?{��r�ifycdthj��;fhgk}o�rfhe�n~tyj9qrj-uvqkp*�-gkf ��j
{�n~grfy�^�|�5p*moc j��i{�t-�*j
load�rfhmd�Uldf-� qkp*�-gkf ��j��W}d{�th{���qkp�nd}dfy��{�n~gkfh�
���

� X � 1 2���47AW8|:72���6 HLNP:72
8!ACVU6BV
69G 69T :7>��x1 � ��>"!0AWT�I \$#&% >

� }dj^qrj|fy� md{9ldj-wxmdfhgrf-�*j�ldfy� gkfhmd�^grfy{�mWc?j^g � j
j^m � � �7�7p*m~l *|���!�7cda~g7f gRfy� n {*�r�rfhcdtyj gk{Bldqrp��
p�l~fy�igrfymd�-gkfh{�mPc?j^g � j
j^m gr}dj
�ijCg � { �5p�grj
��{*qrfyj^��cz���
{�md�ifyldj^qrfhmd� �;}xp)g9�r{�q gB{*uRfym~uv{�qie�p)gkfy{*m
gk}~jZl~j���fy�^jZfhe�ndp*qigr��{�mJgk}dj�fym~�
fyl~j
mzg%��p��*j^uvqr{*m�g�p*mdl �;}xp�g;gr}dj�fymzgkj^mdldj
l�p*ndn~tyfy�
p�gkfh{�m fh� �

� � �D�Lp*qij�{*n~gkfh�5p*t�l~j���fy�^j
��gr}xp�gL{�n?j
qrp�gkjJad�ifymd� ldf-� qkp��^gkfh{�m �7gk}~j
�rj�fymd�^tyadl~j *|���!� �
� }dj-� fym~�
tya~ldj�ldf ��qrp*�^grf-�*j�ldj��bfh�
j^��gk}xp�g�e�p*m~fyndadtyp�gkj|gr}djBfymbuv{�qre�p�gkfh{�m�p*tyqij5p*l~�Lndqij
�ij
mzg!fym
gk}~j9fymd�^fyldj^m�g%�Fp���j-uvqr{�mzg!gk{ uv{�qre]p ad�rj-uvadt fye�p*��j��bj$�dp�e�ndthj
�;p*qij�fym)��j^qr�rj9wxt gkj^qr��	 �b�x�~� �8'~�
�����=p*mdl��
{�m~j ndtyp�gkj^�'�Wldf-� qkp*�-gkf ��j9tyj^md�rj^� �

*|���!�op*qrj p��radc � �rj-gP{�u � � �7� gk}xp�gJ�^{�mzg p*fhm"gk}dj fymbuv{�qre�p�gkfh{�m$qij
��adfyqij
l(gk{�uv{�qie
gk}~j�ad�ij^uvadt!fye�p*��jop*m~l �;}dj^m$fythtyadeLfymxp)gkj
l �;f gk}�gk}dj��
{�qiqrj^�^g �Fp���j-uvqr{�mzg  �;}dfy� }�fy�Lmd{*g
�
{*md�rfhldj
qij
l gr{��5p*qiqi� gk}~j�fye�p*��jUfhm~uv{�qre�p�grfy{�m�"$� � }dj fhe�p���jUe�p5� p*th�r{Pc?j�uv{*qreLj
l �;f gk}

�



gk}~j�p*fhlU{*u p*l~ldfhgrfy{�mxp�td{�n~grfy�5p�txj
tyj^e�j^mzgk�
��uv{�qDfym~�ig p�md�
j.pZthj
md���+*|���!�Fp�qrj;}d{�th{���qkp�e��Rgr}xp�g
}xp���jZc?j
j
moldj^�rfy�*mdj
load�rfhmd�U�r{�eLj�m�ade�j^qrfh�5p*t�grj
� }dm~fy��adj
�

� X�� \ HLG N�OP:R6B4 SU69T�6947AZ:R69I E�HLV
HUS�47ACN�E��

*F{�eLnda~grj
qD��j
m~j
qkp)gkj
l�}d{�th{���qkp�nd}z� �Fp*� l~j
eL{�md�igrqkp�grj
lLfymo�/�D<D<9cz� �Fqi{ �;m�p*mdl � {�}de�p*mdm
�;fhgr}�gk}~j9ldj^gr{�adq|nd}xp��rj9}d{�th{���qrp*e ad�rfhmd�Up*m fyeLndthfy�
f gD�5p*qiqrfhj
qFuvqij
��adj
m~�^� � � }dfh�Fgkj^� }dmdfy��adj
ad�ij
l�cdfymdp*qi� p*eLndtyf gkadldj�e�{�ldadtyp�gkfh{�m0p*mdl�ldf-��fhldj
l gr}dj }d{�th{���qkp�e3fhmzgk{��
j^tyth�Wj5p*� }��^{�m �
g p�fymdfhmd� p*m�p*n j^qigradqrj��Fgk}djon?{��rf gkfy{*m�{�uBj5p�� }$p*n?j
q gkadqij�fh�Ll~j^gkj^qreLfymdj^l�cz��gr}dj�qij
��adfhqrj
l
}d{�th{���qrp*eMnd}dp*�rj�ldfy� gkqrfhcda~grfy{�m p*mdl gk}dj�p*qij5p�{�u|j5p*� } �
j
tht7ldj^grj
qie�fhmdj
l0c�� gr}dj�qij
��adfhqrj
l
e�p*��mdf gkadldj ldfy� gkqifycda~grfy{�mP{*uDgk}dj }d{*ty{���qrp*e � � j^j 	 �( �R��f ��j^��p gr}d{�qi{�ad��}�qij���fyj�� {*u j
p*qrt �
gkj^� }dmdfh��a~j
�;uv{�q|�
{�eLnda~grj
q;��j^mdj
qrp�gkj^l�}d{*ty{���qrp*e ldj
�ify��m��

� X�� � N�N�V52
8!AZ:72
HLT�>MHUK \$# %�>

� }dfh� gk}~j
�rfh�|fy� �
{�md�^j
qimdj
l��;fhgr} gk}dj�ldj��*j
ty{*nde�j^mzg|{*u pC�
{*e�ndabg p�grfy{�mxp�t grj
� }dm~fy��adjBuv{�q gk}dj
ldj^�rfy�*mP{*u7}~{�ty{��*qkp*e n~}xp*�rj ldfy� gkqifycda~grfy{�m~� � � }dj^�rj p*qijCad�ij
l�gr{�ndqi{blda~�
jCa~�rj^uva~t ldfh�igrqrfyc~a �
gkfh{�md�|{*u tyfh��}zg|j
m~j
qr��� ndqrfhe�p�qrfyt �Uuvqr{�e tsp*�ij
qr���

� }dj
qijLp*qrj e�p*mz��p�ndndtyfh�5p�grfy{�m~�.uv{�qB�iad� } ldj���fy�^j
� �Ztyp*�rj^qBe�p*� }dfym~fymd� 	 �(#��R�8) � � {�n~grfy�5p�t
fymzgrj
qr�^{�mdmdj^�^gr� 	 �3;b���(<b��� �����(��� ��tsp*�ij
q=c j
p*e �r}xp*n~fymd�
	 �/�b�B I'~�I b���I D �bp*mdlCtsp*�ij
q=adthgrqkp*�i{�mdfy�^�
	* B# �#�

� }dj
�ij�p*ndndthfy�
p�gkfh{�md�7�r}dp*qrj9pZm�adeWc?j
q�{*u qrj
��adfhqrj^e�j^m�gr� � � tht qrj
��adfhqrj.j�,L�
fhj
mzgFgrqkp*md� uvj
q
{*u@j
mdj^qr�*�Juvqr{*e]gk}djZfym~�
fyl~j
mzg �Fp���j-uvqr{�mzg�gr{�gr}dj a~�rj^uva~t qij
�ra~thgkfhmd�Lfymzgkj^md�rf g �Jldfy� gkqrfhcda~grfy{�m��
��u gkj^m fhgZfh� fhe�n?{�qigkp*mzg9gk{�j
tyfhe�fhmxp�grjCgk}dj�mdj
j^l uv{�qZp*mz�0p*ldldf gkfh{�mxp*t7{�nbgkfy�^�  vgk}~fy�Z�5p*m c?j
j
�in j^�
fyp*tyt � fyeLn {*qig p�m�g;fhmP}dfh��} � n {�� j
q.p*ndndthfy�5p)gkfy{*md� "$� � p*mz��{*uRgr}djCp�ndndtyfh�5p�grfy{�m~�!fhm)��{�t ��j
�i�i��a~j
j��^fymd� �Bgk}djFp���p*fhtsp*c~tyjDtyfh��}zg fhmzgk{9p��ie�p�tyt�p*qrj
p~��uv{*q@fym~�ig p�md�
j|p.tyfym~j {*q@nxp�gigkj^qrm {*u ld{�gk�
fym0{�qrl~j
q gr{Pqrp*fy�ij�gk}~j�fymzgrj
md�ifhg � {*u|gk}~j
�rj�qrj
�*fy{�md� p*� eWad� }�p�n?{��i�rfyc~tyj
� � }dj�gr{�tyj^qkp*m~�
j
p*mdl��in j^�
f wx�5p�grfy{�m�{�u.m~{�fy�ij fym gr}dj fye�p*��j �;fytyt ��p*qi� c j-g �Fj^j
m�gk}djJp�ndndtyfh�5p�grfy{�m~� � `b{�eLj
p*ndn~tyfy�
p�gkfh{�md�  uv{�qJfymd� g p*m~�
j {�n~gkfh�5p*t�fymzgkj^qr�
{*mdmdj
�-gk�#"oqrj^��adfyqij0}dfh��}dt �$admdf uv{�qre fymzgkj^md�rf g �
ldfh�igkqifycdabgkfy{*md� �

�	��
��
� ������������������� ���
�"!
�(fhgr} }dfh��} n {�� j
qWtyp*�rj^qr� 	 �8)�� gr}dj�fhe�p*�*j ��j
mdj^qkp�grj
l�cz�0pP}d{�th{���qrp*e �
{*adtyl0c jLad�rj^l gk{
�
abg5�?e�p*� }~fymdjZ{�q��iadqiu p��
j grqrj
p�gBe�p�gkj^qrfyp*ty��	 �/���#� � }dj
qij p*qrjCp*l ��p*mzg p���j
�.fymP�^a~grgrfymd���r{�eLj
e�p�gkj^qrfsp�ty� ad�rfhmd� tsp*�ij
q�thfy��}zg 	$ I)~�� D;��#� � g;fy�Fn {��i�rfhcdtyj�gr{ ld{ gk}dfh��cz� �i�i�5p*mdm~fymd� �UpCuv{��
a~�rj
l
�rn?{*g!{*u tsp*�ij
q;tyfh��}zg;{���j
q;gk}~j �iadqiu p*�^j {�u gr}dj�� {�q(��n~fyj
�^j {*q!eL{���fymd� gk}~j�� {�q&��ndfhj
�^j adm~ldj
q
pC� g p�grfy�B�in {*g�fym {�qildj
q^�~uv{�q j��~p*eLndtyj��bgk{Up�cdtsp�grj�{�qFe�j^thgFgr}djB�iadqiu p*�^j�p���p5� � � }dfh��fy�F�
{�e.�
nxp*qrp�gkf ��j^th� �ity{���� �;fhgr}og ��ndfh�5p*t �r�
p*mP�in j^j
ld�.{*u7pUuvj���eL�$#&% 	 �8)d�� I)d�� B; � � �x{�q;e�p*� }~fymdfhmd�
e�p*�r�Rn~qr{�ldad�
j^l�{*c5=ij
�-gk�7gk}dj|�ity{����rn?j
j
lL{*u �r�
p*mdmdfhmd�9�i���igrj
eL� e�p
��j
�Rgk}~j
e ndqi{�}dfhcdfhgrf-��j^th�
j��bn?j
md�if-�*j�gk{oad�ij
� � gZfy��n?{��r�ifycdthjUgr{�qij
ndtyp*�
j�pJ�r�5p�mdmdfym~��� �b� gkj^e �;f gk}0p*m0fhe�p���fymd� l~j��
��fy�^j�gk}dp�gWndqi{bl~ad�
j^�Wgk}dj qij
��adfhqrj
l�ndp�grgrj
qrm {*u;tyfh��}zgC{�m0gk}dj � {�q(��n~fyj
�^j
� � }dfh�W�
{*adtyl c?j
ad�ij
l p��Fp �ie�p�� }dfymdj�gr{b{*t ��{�q �i�igkp*eLn ���;}~fy� }��^{�adthl�n?j
q uv{�qre gr}dj.qij
��adfhqrj
l��
a~gigkfhmd���;f gk}
}dfh��} � n?{��Fj^q|tsp*�ij
q|nda~ty�rj^� �
�.fh��} n?{ � j
q;typ*�rj^qr�|p*qijBj��bn?j
md�if-�*jCp*m~lJp*mz� fye�p*��fhmd�Z�i���igrj
e �r}~{�adtyl a~�rjBgk}~j9tyfy�*}�g�p*�

j�,L�^fyj
mzgrth�Jp*�;n?{��r�ifycdthj9gk{Ln j^qiuv{�qie]gk}dj�e�p*� }dfhmdfymd�Undqi{b�^j
�i� � � }~fy�;qradthj
�;{�a~g!nxp��r�rfhmd�Ugk}dj
tsp��rj
q thfy��}zg gr}dqr{�a~��}Cp|e�p*�&� �;}dfy� } fy� gk}~j
mCfhe�p���j
l9{�mzgr{!gr}dj+� {�q(��n~fyj
�^j c?j
�
p*ad�ij gr}dj e�p*�(�
� {�adtyl }xp���jLgk{�p*cd�i{�qrc0e�{�� gZ{*uFgr}dj�thfy��}zg � � }dfh� fh��md{*gZ{�mdt ��fymdj�,L�
fyj^mzgCcdabg gr}dj�e�p*�(�



fhgr�rj^thu �F{�a~tylC}dp��*jFgk{!c?j�p*cdthj7gk{ �;f gk}d� g p*m~l gk}~j }dfh��} � n {�� j
q=tsp*�ij
q=c j
p*e �;fhgr}d{�a~g lxp*e�p*��j��
�.{�� j��*j
q gr}dfy� p*n~ndqr{zp�� }�fh�7n {��i�rfhcdtyj%�;fhgr}.��j
q �L�re�p*tytd{*q7}dfy��}~th�W�ij
md�ifhgrf-��j � {�q&��ndfhj
�
j^�
��uv{�q
fym~�ig p�md�
j��xe�fh�
qr{
� e�p*� }dfym~fymd���
�.{�th{���qrp*nd}dfh� nd}xp*�ij�j^tyj^e�j^m�gr�Lp*qrjo�radf gkj^l�gr{0typ*�rj^q e�p*� }~fymdfhmd� p*ndndthfy�
p�gkfh{�md� � � }~j^�

p*qij ldj
�ify��mdj^l�md{�gLgr{ p*cd�r{*qrc�p*mz��tyfy�*}�g � � }djo}d{�ty{*��qkp*n~}dfy� j^tyj^e�j^m�gU�
p*m�p*ty�i{ gkp
�*jo{�m
gk}~jouvadm~�^gkfh{�md�U{*u9{�gk}dj^qL{*n~gkfh�5p*t|j^tyj
eLj
mzgr�
���iad� }"p*�Ltyj^md�rj^��gk}dp�gLe�p5��md{�qie�p�tyth�0c?j�qij��
��adfyqij
l �z�*qrj5p)gkth�C�rfhe�ndthfhu ��fym~�.gk}~j!}~fy��} � n {�� j
qD{�n~grfy�^� � � g fh�Dp*ty�i{9n {��i�rfhcdtyj�gr{Za~�rj!�
{�eLnda~grj
q
��j^mdj
qrp�gkj^l�}d{*ty{���qrp*eL�Fgk{Undqi{blda~�
j9gk}dqij
j�ldfhe�j^md�rfh{�mxp*t fye�p*��j
���

�	��
���� �����&� � ��� � �	� ���&��
 ���"����� �
�Bn~gkfh�5p*t�fymzgkj^qr�
{*mdmdj
�-gk��p*qrj�ad�ij
l�gr{�l~fy�igrqrfhcda~gkj9thfy��}zg|uvqi{�e {�mdj�{�q;eL{�qrj9thfy��}zg;�i{�adqr�^j
�;gk{
{�mdjD{�q eL{�qij thfy��}zg qij
�^j
n~gr{�qr��� � mZgr}dj
�ijFp�ndndtyfh�5p�grfy{�m~��gk}djDthfy��}zg ad�iaxp*tyt �B�
p*qrqifyj
� �i{�e�j7�ify��mdp*t
{�q!fym~uv{*qre�p�gkfh{�m��;fhgr}�fhg.p*mdlP�r{ {�nbgkfy�
p*t fymzgkj^qr�^{�mdmdj^�^gk���5p*m�c jZgk}d{�a~��}zgB{*uDp��Bp*mxp�ty{���{*ad�
gk{.�;fhqrfym~� fymJj
thj
�^grqrfh�5p*t p�mdlJj
tyj^�^grqr{�mdfh�9�
fhqr�
a~fhgkq � �

� }dj
qij p*qij e�p*mz��p*ndndthfy�5p)gkfy{*md��uv{�q!{�n~gkfh�5p*t fhmzgkj
qi�
{�m~mdj
�-gk�
��cda~g�gr}dj^�o�i}xp*qrjZgk}dj cxp*�ify�
qrj^��adfyqij
eLj
mzgk�J{*uZgkqrp*md�iuvj^qrqifymd��tyfh��}zg uvqr{*e p��rfh��mxp*tB�i{�adqi�
j�gk{�p��rfy�*mxp*t��ifym�� 	 �/�b�  B<��#�
� n~ndtyfh�5p�grfy{�md� fhmd�
thadldjF{*n~gkfh�5p*tzwxcdqij�fymzgrj
qr�^{�mdmdj^�^grfy{�md�^��tsp�admd� }dfhmd��thfy��}zg fymzgk{.{�n~gkfh�5p*t�wxcdqij
�
{�qDcdadm~ldtyj^� {�u�wxcdqij
�^�~e�p�gk� }dfhmd���r{�a~qr�
j^�F{*u tyfh��}zgD{�mzgk{Zldj^grj
�-gk{�qi� 	* ���� �b{*n~gkfh�5p*td�^{�eLnda~gkfhmd�
fym~�
tya~ldfymd� gk}dj�ldfh�igkqifycdabgkfy{*m {*u@�^{�eLnda~gkj^q;�
ty{�� ���ify��mdp*ty��	 �(� �=p�mdl��^{�adndthfymd� typ*�rj^qr���

� {�� g�{*u gr}dj
�ij9p*ndndthfy�
p�gkfh{�md�Dqrj^��a~fyqrj!gk}dj�tyfy�*}�gDuvqi{�e pCqrj^tsp�grf-��j^th�U�ifyeLndtyj;�r{*adqr�^j�gk{Wc?j
ldfh�igkqifycdabgkj
lofymzgr{�pUnxp�gigkj
qimP{*uRldfy�i�
qrj-gkjZn {*fymzgk��� � }djC�*j
mdj^qkp�grfy{�mo{*u@gr}dfy�;�i{�qig.{*u7nxp)grgkj^qrm
fy��n {��i�rfhcdtyj �;f gk} ndadqij
t ��qrj-uvqkp*�-gkf ��jUp*mdl qij�
xj^�^gkf ��jU{�n~grfy�
p*t@j^tyj
eLj
mzgr� % {�q �;fhgr} p*qrqrp/���9{*u
tyj^md�rthj^gr� cdabg gr}dj
�ijBp*ndn~qr{zp*� }~j
�Fqij
�iadthg fym�cdadt �z�U{�nbgkfy�^�Fp�mdl�e�p5�Uc j!�radc/=ij
�^gFgk{Cn~qr{�cdthj
eL�
gk}dp�g;qrj^mdldj
q|gr}dj
e fhe�ndqrp*�^grfy�
p*t?uv{*q|�r{�eLjZp*ndndthfy�5p)gkfy{*md���

*F{�eLnda~gkj^qD��j
mdj^qkp�grj
l�}d{�ty{*��qkp*eL�R}xp��*j�p*l �*p�m�gkp*��j^� uv{�q7e�p*mz�Up*n~ndtyfh�5p�grfy{�md��� � �ifymd��thj
ldf ��qrp*�^grf-��j j
thj
eLj
mzgR�
p*m ��qrj
p�gkt �Z�rfyeLndthfhu ��p*m~l qrj
l~ad�
j�gr}dj��rf �
j�{�u fymzgkj^qr�
{*mdmdj
�-gkfh{�m {�n~grfy�
���
� }dj-��p*qrj7�
p*nxp*c~tyjR{*ubndqi{blda~�
fym~�|�re�p*tythj
q p�mdl�}dj
md�^jD}dfy��}~j
q fhm�grj
md�ifhg �9�in {�gk� gk}dp*mZp*qrqrp/��� {*u
tyj^md�rthj^gr����� � m p*qiqkp5� {*u�tyj^md�rthj^gk� p*th�r{Zqrj^��a~fyqrj^� a~mdfhuv{�qie fhtytya~e�fhmxp�gkfh{�m gr{ n~qr{�ldad�
j!admdf uv{�qre
fymzgrj
md�ifhg � ldfh�igkqifycdabgkfy{*m0{*u��rn?{*gk��� *F{�eLnda~grj
qZ��j
m~j
qkp)gkj
l�}~{�ty{��*qkp*eL�9�5p*m c jLg p*fhty{�qij
l�gk{
ndqi{blda~�
jLpoa~mdfhuv{�qie p*qiqkp5��{*u �rn?{*gr� �;f gk}d{*a~gZadmdfhuv{*qreMfhtythade�fhmxp�grfy{�mJ{*u gk}djU}d{�th{���qrp*nd}dfh�
j
thj
eLj
mzg�� � g!fh�;p*ty�i{ n {��i�rfhcdtyjBgr{L�in j^�
f u � gk}dj�qij
tsp)gkf-�*j9fymzgkj^md�rf g � {*u j5p*� }�fymdl~f-��fyldadp*t��in {*g �

�	��
���
 �����������������&����
������ !	� �"���&��� ��
 �
�.t gkqrp*�r{�a~mdl��.�5p*moc jZ��j^mdj
qrp�gkj^lPcz�Jldfyqij
�-gkfym~��pUndadth�rj�{*u@tsp*�ij
q;tyfh��}zg;{�mzgk{Ugk}dj��ra~qiu p*�^j {*u
gk}~j e�p)gkj
qifsp*t 	* B# �#� � }dj adt gkqrp*�r{�a~mdl fy� j��b�
f gkj^l�cz� gk}dj��r}dj
p*qWuv{�qr�^j
�W�*j
mdj^qkp�grj
l�fym gk}dj
e�p�gkj^qrfsp�t?cz�Lgk}dj9th{b�
p*tyfh�rj^l�j$�~ndp*md�rfh{�mop*mdl �^{�mzgkqrp*�^grfy{�m �
p*ad�rj^lJc���gk}dj�ty{��5p*thfy�rj^l�}dj
p�gkfhmd�
p*mdlJ�^{b{�thfymd� 	* B#�� qrj
�iadthgrfymd�Wuvqi{�e]gr}djZp*cd�r{*qrn~grfy{�mJ{*u tyfh��}zg|j
mdj^qr�*�
�

��� �"!$#&%'#)(*%+!-,.�"/10324!6587:9�2"0;#&<-=+%+(>(*9�?@#A24!CBD=E9�!$#&9�#�F
G�H-��?I%+!$#>(*2"!$JK93L�M$9�!NBO%'#)(*?&%E7-PO(*%+!-,QJ�=+�OJ@RS#&%E,"!$2"=E#�/T��?�JK�"0.<-P-(&%E!-,Q24<-<$=+%'J�24(&%E�"!$#U%+(�%E#�%+0.<:�"?&(*24!V(I(*M$2W(

(&M$9XJK=E�OJ@R�#&%+,�!$24=Y2"?&?*%EZ"9�#[%E!Q#&5V!CJ�2W(\2"=+=Y�4/](&M-9	JK=E�OJ@RD?*9�JK9�<O(&��?*#�F ^[M$%E#\J�24!�7:9XBO%+_8JKP-=+(`(*�D24?*?@24!-,�9\L�%+(&M
?*9K/T?@2"J�(*%+Z�9\��<O(&%'J�#�aO9�#&<:9�JK%'24=E=E58%+!�J��"!Ob$!$9�B�#><C2"JK9�#�F
c�d ?*?*2e5O#f�"/g=+9�!$#&=+9�(*#�JK�"!C#>%'#)( �4/Y24!�24?*?*2e5��"/Y#>032"=+=:=+9�!$#&9�#h<C2"J@R"9�B.�"!V(&�X�"!-9�#>P-7C#)(*?*24(&9"a�(&M$9�#&9\24?*9A�"/i(&9�!

032"BO9�P$#&%+!-,D=+%+(&M-��,"?@24<-M$%EJU(*9�J@M-!$%EjVP-9�#`?@2W(*M-9�?`(&M$2"!S765�,"?*%+!$B-%+!-,CF d ?*?@2e56#`�4/h=E9�!$#&=E9K(*#\M$2eZ�9X24<-<$=+%'J�24(&%E�"!$#
P-!$#&P-%+(*2"7-=+98/T�"?XJ��"0.<-PO(*9�?X,�9�!-9�?*24(&9�BkM$�"=E�","?@24<$MV5�al/T�"?�%+!C#)(@24!$J�982"#�L[2eZ"9�/T?&��!V(I#&9�!C#>��?*#I#&P$J@Mm2"#�n6M$2"J@RVo
p 2"?>(*0324!�#>9�!$#>��?*#�P$#&9�B�%E!�2�B-24<-(&%EZ"9U�"<O(*%EJ�#�24<-<$=+%'J�24(&%E�"!$#�F
q n6P-?&/r2"J�9U2�JK��P$#)(*%EJ�L[2eZ"9�# ��?[7-P-=ER�2"J��"P$#>(&%'J�L�2eZ�9�#�F



`b}d{�q g�a~thgkqrp*�r{*admdl �Fp���j
thj
md��gk}d���Z�
p*mPc?jC�*j
mdj^qkp�grj
l �;f gk}Pgr}dfy�;gkj^� }dmdfy��adjCldj
n?j
mdl~fymd�
{�m gk}~j|tsp*�ij
q7ndadth�rj|qij
n?j^gkf gkfh{�m qkp�grj;p*mdlUe�p�gkj^qrfsp�t 	* B# �#� � }dj;nxp�gigkj^qrmL{*u gk}dj;tyfh��}zgRfhmd�
fhldj
mzg
adn?{�m gk}djL�radq u p*�
j�{*uFgr}djL�rn?j
�
fhe�j^m ldj-gkj^qreLfymdj^�Zgr}dj�fhmdfhgrfsp*t adthgrqkp*�i{�admdl �Fp��*j^uvqi{�mzgUp*mdl
gk}~j
qrj-uv{�qrj.}d{��(fhg ndqr{*nxp*�zp�grj
� ��ldf-� qkp��^gk� fymLgk}dj��rn?j
�
fhe�j^m 	* B�b�  *���#� �;j^uvqkp��^gkf ��j.adthgrqkp*�i{�admdl
{�n~grfy�^� p*qrj�n {��i�rfhcdtyj�� cda~gUfym)�*{�t-�*jJp*thgrj
qrfhmd��gr}dj e�p�gkj^qrfsp�t {�qC�kp*eLndtyj 	$ I#���{�qCnd}z�b�ify�
p*tyt �
�
{*adndtyfhmd�|gk{!gk}djFp*mCadt gkqrp*�r{�m~fy�Rgkqrp*md�ildad�
j^q � *Fthj5p*qith�9gr}dfy� fy�=admdl~j
�rfhqkp*c~tyj fhu~gr}dj adthgrqkp*�i{�admdl
fy��gr{Uc j�ad�ij
lJgk{Lfymd�in j^�^g!{�q�gkj^�ig;gk}~jZ�rp*eLndtyj �;f gk}d{�abg;�
{�mzg p��^gkfhmd�Ufhg �

� p*�rj^q!a~thgkqrp*�r{*admdlJ��j
m~j
qkp)gkfy{*mofh��fym~j�,L�
fhj
mzg!fym gkj^qreL�;{*u gr}dj9j
m~j
qr��� gkqkp�md�iuvj^qrj
lJuvqr{*e
gk}~j tsp*�ij
q9tyfh��}zgBfhm�gr{ gk}dj e�p�gkj^qrfyp*t@p��Za~thgkqrp*�r{*admdl � eL{��igB{*u gr}dj j
m~j
qr��� fymd�^fyldj^m�gB{�m�gk}dj
�kp�e�ndthj?=iad�ig�qrj^�radt gk��fhm�}~j5p�grfymd��� *F{�md�rj^��adj
mzgkt ��gr}dfy��p*ndndthfy�
p�gkfh{�m�qrj^��a~fyqrj^��}dfh��}�tsp*�ij
q
n?{ � j
qi�Jp*mdl(p*mz��ty{��i� {*uZtsp*�ij
q j^mdj
qi�*�$c?j^uv{*qrj�f g }df gk��gr}dj��radq u p*�
j�{�u9gk}dj�e�p�gkj^qrfyp*t;fy�
}dfh��}dth��admdl~j
�rfhqkp*c~tyj
�

� ��ndfh�5p*t�tsp��rj
q=adt gkqkp��r{�adm~lWp*ndn~tyfy�
p�gkfh{�md� qij
��adfyqij uv{��
ad�ij
lWthfymdj^� {�uxtyfh��}zg5� j
f gk}dj^q � gkqkp�fy��}zg
 vuv{*qRgk}dj!��j
m~j
qkp)gkfy{*mL{�u �indtyp*mdj%�Fp��*j
� � " {�q p*qi�
�  vuv{*qDgr}dj!��j
mdj^qkp�grfy{�mU{*u �i�
fhqr�^adtsp*q �Fp���j^� �d�
gk}~j j^��a~f-��p*tyj^mzg@{*ud�rnd}dj^qrfh�5p*t)�Fp��*j
�7fhmZg � {Bldfhe�j^md�rfh{�md� " 	* *� �#� � {�qrj �
{�eLndtyfh�5p�grj
l�nxp�gigkj^qrmd�
�5p�moc?j9ad�ij
l�gr{ j
md}dp*md�
j�gk}~j9��j
mdj^qkp�grfy{�mJ{*u }xp*qie�{*mdfy�^��{*u gk}dj9uvadm~lxp*eLj
mzg p*t�adthgrqkp*�i{�admdl
uvqrj^��adj
md�-�0p*mdl gk}�ad�Z��j
mdj^qkp�grjUadthgrqkp*�i{�admdl �;fhgr} �Fp���j
thj
md��gk}d�Z�r}d{*qigkj^qZgr}xp*m gk}dj uvadm~lxp
�
eLj
mzg p*t  l~j^gkj^qreLfymdj^l�cz�Pgr}djCtyp*�rj^q�ndadth�rjWqij
n?j^grfhgkfh{�mPqrp�gkj�"�� � }~j
�rj ndp�grgrj
qrm~�9qrj
��adfhqrjZgk}dj
cxp*�ify��ldfy� gkqrfhcda~grfy{�m  pP� gkqrp*fy��}zgCtyfym~jL{*qWp*m�p*qi� "9gk{�c?j�qij
n?j5p�grj
ldt � ldfh�rndtyp*�
j^l�p*th{�md�Jgk}dj
ldfhqrj
�-gkfh{�m�{*u9ndqi{�nxp*�zp)gkfy{*m�{�uBgk}djoadt gkqkp��r{�adm~l�cz��p �;}d{*tyjom�a~eWc j^q�{�u ��p��*j
tyj^md�*gr}d��{*u
gk}~jLqij
��adfhqrj
l adt gkqkp��r{�adm~l�� � }~fy�Zp*qrqrp*md��j^e�j^mzg �
p*m0p*ty�i{�p�tyty{�� eL{�qrjUtsp��rj
q9n?{��Fj^qZgr{�c?j
p*ndn~tyfyj^l�gk{�gr}djL�kp*eLndtyj.�;f gk}d{�abgClxp�e�p*�*fymd�JfhgZp�� gk}~j�j^mdj
qi�*� fy���rndqij5p*l { �*j
qCp���qij5p�grj
q
p*qij5p 	* B� �#�

� m��i{�eLjZe�p�grj
qrfyp*ty�  ad�iaxp*thth� e�p�gkj^qrfyp*ty�+�;fhgk}o�
q ���ig p�tytyfhmdjB� gkqra~�^gka~qrj
�#";gr}dj�adthgrqkp*�i{�admdl
�rn?j
j^l ��p*qrfhj
���;fhgr} gr}djLldfyqij
�^grfy{�m {*uFndqr{�ndp*�zp�grfy{�m�gk}~fy�Ze�p5��qij
��adfyqij�eL{�qijL�^{�eLndtyfh�5p�grj
l
nxp�gigkj^qrmd�;{*u fythtyadeLfymxp)gkfy{*mUgr{��*j
mdj^qkp�grj�gr}dj�j
��adf �*p�tyj
mzg;{*u �i�^fyqr�^adtsp�q ��p��*j
� ��� �

`bad� }0ldfy� gkqrfhcda~grfy{�md��p���gr}dj
�ij��
p*m c j.��j^qi� ldf ,��^adthg9gr{J��j
mdj^qkp�grj�j�,L�
fyj^mzgkth� �;fhgk}~{�a~g
gk}~jZa~�rj�{*u ldf-� qkp*�-gkf ��j9{�n~grfy�^� �

� X�� � T :R47HJI�O�8;:R2
HLT :@H :7E�6 I�2547698|: <?>@6�AW4D8FE G 6�:7E�HJI

� }djWl~fyqrj^�^g�� �rj
p*qr� }�eLj^gr}d{�l�ldfy�i�
ad�i�rj^l fhmPgk}~fy�.gr}dj
�ify� �Fp*�9ldj���j^ty{�n?j
l��in j^�
fhwd�5p*thth�Jgk{ l~j��
�rfh��m  nd}dp*�rj�"|}~{�ty{��*qkp*eL�Fgk}dp�g5���;f gk}d{�abg|gk}djZp*fhlo{�uRp*l~ldfhgrfy{�mxp�t�{�n~grfy�^�
��� {�adtyl �;fhgr}J��{b{�l
j�,L�^fyj
m~�^� uv{�qie p qrj^��a~fyqrj^l�fhe�p���j�uvqr{*e p ��m~{ �;m�fymd�^fyldj^mzg;tsp*�ij
q|c?j5p*e �

� }dj
�ij �i� g p*mdl � p*th{�mdj �L}d{�th{���qrp*e��|�*qrj5p)gkth� �rfyeLndthfhu ��gr}dj �;}d{�tyjZ{�n~grfy�
p*t �i���igrj
e � � }~fy�
fy�=nxp*q gkfh�
adtyp*qrt �9fyeLn {*qig p�m�g=fhmC}dfh��} � n?{��Fj^q
��ty{�md�
� �Fp��*j
thj
md�*gr} p*ndn~tyfy�
p�gkfh{�md�=p*mdl �;}dj
qij��rf �
j
p*mdl �Fj^fy��}zgUp*qij fyeLn?{�qigkp*mzg�� �.{��Fj���j^qUgr}dj ldfhqrj^�^g(� �rj
p*qr� }�eLj^gr}d{bl fy�Cm~{*gWqij
�igrqrfh�^gkj^l gk{
� {�q&��fym~� �;fhgr}d{�a~gWp*ldldf gkfh{�mxp*t7{�nbgkfy�^�Wp*m~l � �;f gk} eLfymd{*qZeL{�ldfhwx�
p�gkfh{�m fhg �5p*m �F{�q(� �;f gk}
eL{�qrjB�^{�eLndtyfh�5p�grj
l {�n~grfy�
p*t �i��� gkj
eL� �

� }dj�eLj^gr}d{bl ��p�� p*ty�i{ qij
��adfyqij
l�gr{ � {�q&� �;fhgr} �i��axp*mzgrfy�rj^l � nd}dp*�rj�l~fy�igrqrfhcda~gkfh{�md���
	Baxp*mzgkfh�kp�grfy{�m$p*qrfh�rj
� uvqi{�e gr}dj�u p*cdqify�
p�gkfh{�m�gkj^� }dmdfh��a~j
��p*mdl(fym$gr}dj �F{�qi�ig  p*mdl(e�{*�ig


��A=+(&?@2"#&�"P-!CB8/T?*9�jVP-9�!$JK%E9�#�2"<-<-?*��2"J@M$%+!-,
��%+,V24M-9�?>(��IJ�24! 7:9I,"9�!$9�?@2W(&9�B8(*M-%'#[L�2e5�aOL�% (*M�J��"?*?&9�#><:�"!CBO%+!$,
L[2eZ"9�=E9�!$,4(&MC# %E! (&M-9U(*M-9��l0 ?@24!-,�9�B-9�<:9�!$BO%E!-,3��! 0324(&9�?*%'24= <-?*�"<:9�?&(&%E9�#�F

��� !S(*M-93J�2�#>9	�4/�n d�� L�2eZ�9�#�#>P$?>/r2�JK9�(&M-9.P-=+(&?@2"#&�"P-!CB�(&?@2eZ"9�=E#\%E! 2�(&M$%+! =E2e5�9�?U24=E�"!-,�(&M$9.#&P-?&/r2"J�9��"/
(&M$9`#><:9�J�%+0.9�!gaV2IB-9�<-?*9�#*#>%E�"!	�"? =+P-0.<8��!	(&M-9`#&P-?&/r2"J�9�L�%+=E=$%E!$JK?*9�2�#>9�(*M-9`2"J��"P$#>(&%'J[<$24(&M3=E9�!-,"(&M./T�"? 2�n d��
L[2eZ"9A(*?*2eZ�9�='#[2"JK?*��#*#�% (�F � % (*M�#>P-?&/r2"J�9I2"JK��P$#>(&%'J�2"!$B�7-P-=ER�2"J��"P$#>(&%'J\L�2eZ�9�#[J@M$24!$,"9�#�%E! (&M-9I032W(*9�?*%E2"=lJ�24!
J@M$2"!-,"9\(&M-9�#&<:9�9�B �"/1<-?*�"<$2",�24(&%E�"!8(*M-?*�"P-,�M�%+(`24!$BD(&M$9�?*9K/T�"?*9U?&9�/T?*2�J�([(&M$9U2�JK��P$#)(*%EJ�L[2eZ"9�#�F

� ^[M-9�#&9AL[2eZ"9�#]L ��P-=EB.!$�4( 2"<-<C9�24? J�%+?@JKP$=E2"?h�"PO(@#>%'BO9A�"/ (&M-9\0.24(&9�?&%'24=-7$PO( (*M-9`%E!-%+(&%'24=$L[2eZ"9�/T?&��!V(f#&M-��P-=EB
=E%+9I24=E�"!$,.2	=E%+!$9I�4/�J��"!$#>(*2"!V([<$M$2"#&9�/T?&��0 (&M-9U/T�OJ�P$#��"?��*JK9�!�(*?&9��X�"/Y(*M-9IL�2eZ�9"F



ad�iaxp*t "U�5p*�ij�qrj^�radt gk� fhm"{�mdth��g � {�tyj��*j
th� {*u�nd}xp��rj�c?j
fym~��p��*p�fytsp�cdtyj� cdfhmxp*q ��n~}xp*�rj�" p�g
u p*cdqify�
p�gkfh{�m�� �(fhgr}Lgr}dfy�7fhmLeLfym~lWgk}dj!ldfyqij
�-g(� �ij5p*qi� }�eLj^gr}d{�l �Fp*� �rn?j
�^fhwx�
p*tyt �Wldj^�rfy�*mdj
lUgk{
� {�q&� �;f gk} ��axp*mzgrfy�rj^l�nd}dp*�rj;ldfh�igkqifycdabgkfy{*md� � � }dj;e�p(=i{�qrf g �C{*u?gk}~j �F{�q(�Wndqij
�rj^mzgkj
l�fymWgk}~fy�
gk}~j
�rfh�Rad�ij
�Dcdfymdp*qi� nd}xp*�ij
� � }~fy�Rfh�R{*u gkj^mWgk}dj|j
p*�rfhj
� g7m�adeWc?j
q7{*u?nd}xp��rj|tyj���j^ty�@gr{Bu p*cdqrfh�5p�grj
p*mdl {*u gkj^m gk}dj�e�{�� gWldf ,L�
adt gCm�adeWc?j
qC{*u|tyj���j^ty�Cgr{�ndqr{�ldad�^j }dfh��} ��axp*thfhg � ldj^�rfy�*md� uv{�q��
� g�fy�9j^�r�ij
mzgkfyp*tRgk}xp)gZpJa~�rj^uva~t7ldj
�ify��m0p*ty�*{�qrf gk}de fy���5p*nxp�cdtyj {*u+� {�q&��fym~�oj���j^�^grf-��j^th� �;f gk}
cdfhmxp*qi� n~}xp*�rj�� � ��j^� uvj5p�gradqrj {�u�gk}dj�ldfyqij
�^g�� �ij5p*qi� }�e�j-gk}d{�l fh� gk}dp�gWf gCqij
�
{*��mdfy�ij
�Zgk}dj
��axp*mzgkfh�rj^l�mxp�gradqrjW{�uRgk}djZu p*cdqify�5p)gkfy{*m�ndqi{b�^j
�i�9p*mdl�n~qr{�ldad�
j^�B�r{*tya~grfy{�md�!�
{*m�gkp*fym~fymd�L{�mdt �
gk}~jW��axp*mzgkfh�rj
l nd}xp��rj tyj���j^ty� � � }dfh�9e�j
p*md��gr}xp�gBgr}djUp*ty�*{�qrf gk}de fy� �rp���p�qrj �J{*uDgr}dj md{�fh�rj
qrj^�radt gkfhmd�Wuvqr{�e]nd}xp*�ijZ��axp�m�grfy�rp�gkfh{�mop*mdlJfy�!p*cdthj�gk{L�
{*e�n?j
md�rp�gkj9uv{�q|f g�gk{U�i{�e�j�ldj^��qrj^j
�

� }dj ldfyqij
�^g�� �ij5p*qi� } eLj^gr}d{bl�fh� ad�rj^l gk{;{�nbgkfyeLfy�ij7p;}d{�ty{*��qkp*e nd}xp��rjDldfy� gkqifycda~grfy{�m'� � }~fy�
nd}xp��rjUldfy� gkqifycda~grfy{�mPfy�9fymzgrj
mdldj^l gr{ e�{�ldadtyp�gkj gk}djUfym~�
fyl~j
mzg �Fp��*j^uvqi{�mzg  v�rad� } p*��p tsp*�ij
q
c?j5p*e	" gk{Zuv{�qre p�ad�ij^uvadt?fye�p*��j�� � }dj.ad�radp*t ldj
�ify��mLndqr{*cdtyj^e fym)��{�t ��j^� � }xp�md��fym~�Cp��rfhe�ndthj
fym~�
fyl~j
mzg ��p���j-uvqr{�mzg��r{�gr}xp�g;gk}~j qij
�ra~thg p�m�g �Fp��*j^uvqi{�mzgBndqi{blda~�
j
��p*m�p�ndndqr{��bfye�p�grfy{�m gr{�p
ldj^�rfyqij
lofymzgkj^md�rf g � ldfh�igkqifycdabgkfy{*m��

Image space ImageHologram

light

Laser

�@fy��a~qrj � � � �+*F{�eLnda~grj
q;��j
m~j
qkp)gkj
lo}d{�th{���qrp*e �^{�md�^j
n~g �

�@fy�*adqrj � �h�9�i}d{��;�!pW�rfyeLndthfhwxj^l �r� }dj^e�p)gkfy��ldfsp*�*qkp*e {*u gk}~j9ldj
�ifyqrj^lJ{�n~gkfh�5p*t?�rj-gkadn'� � m
gk}~fy�Zldfsp*�*qkp*e gr}dj�typ*�rj^qCc?j5p*e gkqrp���j
thtyfhmd�ouvqi{�e gk}dj�tyj-u gCnxp��r�rj^�Wgk}dqi{�ad��}0gk}dj�}d{�ty{*��qkp*e
p*mdl�j^mzgkj
qi�Zp*m �ifye�p*��jZ�rndp*�
j ��� � }~jUp*fye {*uDgk}~j ldfyqij
�^g�� �ij5p*qi� } p*ty��{*qrfhgr}de fy�.gk{ e�p*mdfyn �
adtyp�gkjCgr}dj ��axp*mzgkfh�rj^l0nd}dp*�rjUldfh�igkqifycdabgkfy{*mP{*u gk}dj }~{�ty{��*qkp*e �r{ gr}xp�g9gk}~j qrj
��adfhqrj^l0fhe�p*�*j
fymzgrj
md�ifhg � l~fy�igrqrfhcda~gkfh{�m  uv{�q|fymd� g p*m~�
j9gk}dj�� �i}xp*n?j�fymdldfh�5p�grj
l fhmJwd��adqrjU� � � " fh�|��j
m~j
qkp)gkj
l
p*�|j�,��^fyj^m�grth�Jp��!n?{��i�rfyc~tyjBuvqr{*e gk}~jZthfy��}zg|fhmd�
fhldj
mzg;adn?{�mJgk}dj�}d{*ty{���qrp*e �

� p*mz�Zndqrj���fy{�ad� }d{�th{���qkp�e�ldj
�ify��mWp*ty��{*qrfhgr}deL� ldfyl md{*g=g p
��j gk}~jF}d{�th{���qrp*e�u p*cdqify�
p�gkfh{�m
ndqi{b�^j
�r� fhmzgk{�p��
�
{*admzgLp*mdl�e�p*mz�0fh��md{�qij
l gr}dj ��axp*mzgrfy�kp)gkfy{*m {*u|gk}~j nd}xp*�ij*�Rgk}~j �rf �
j {*u
gk}~j p*n?j
qigradqrjUp�mdl�gk}dj fhmzgkj
m~�rfhg ��ldfh�igkqifycdabgkfy{*mP{*uDgk}~j fytythadeLfymxp�grfy{�m'� � }~fy�B�
p*m tyj5p�lPgk{Jp
�rfh��mdf wx�5p*mzg ldf-� j
qij
md�^j c?j^g � j
j
m�gk}~j�gk}dj^{�qrj-gkfh�5p*t n j^qiuv{�qie�p�md�
j�{*u|gk}dj�ldj
�ify��m� p*�Cu p*qCp*�
gk}~jCldj^�rfy�*m p*ty��{*qrfhgr}de fh���
{*md�
j^qrmdj^l�"�p*mdl�gr}dj p*�-gkaxp�t n?j
q uv{�qre�p*md�^jC{*u7gr}djCldj^�rfh��m �;}dj
m
fhg�fy� {*n~gkfh�5p*thth��qrj^�
{�m~�igkqiad�^grj
l�� � e�p3=i{*q p*l ��p*mzg p���j�{*u�gk}~j�ldfyqij
�^g�� �ij5p*qi� } eLj^gr}d{�l"fy�
gk}dp�g5�bndqr{���fyldj^logr}dj9admdl~j
qrt ��fymd� e�p�gk}~j
e�p�gkfh�5p*t?e�{�ldj^t�fy��p*�
�^adqkp�grj*�~gr}dj�qrj^�radt gk�|qrj-gkadqimdj
l
cz�Pgr}djUldj
�ify��m p*th��{�qrf gk}de e�p�gk� }�gr}djU{�n~grfy�5p�t@qrj^�
{�m~�igkqiad�^grfy{�m~� � j
tht��;fhgr} md{J�rfy�*mdfhwx�
p*mzg
ldf ��j^qrj
m~�
j
�;c?j^g � j
j^mPgk}dj9gr}dj
{�qij^grfy�5p�t n j^qiuv{�qie�p�md�
jZp*mdl gr}dj�{�n~gkfh�5p*t�n j^qiuv{�qie�p*m~�
j
�



� � ��� ��� 	 �

� � 	�� ��� ��� ��� � 	 � � � � � � 		� �O� �


 �"� � ��� 	

� c~qrfyj-ux�ra~q(��j-� {*uxj$�bfy�igrfymd��e�j-gk}d{�ld�Rp���p*fhtsp*cdthjRuv{�q@�^{�eLnda~gkj^q@��j^mdj
qrp�gkj^l }d{�th{���qkp�e�ldj
�ify��m
fy� ndqrj^�rj^m�grj
l�� � p�m��C{*u gk}dj|eLj^gr}d{�ld�Rldfh�r�
a~�r�rj^l�c?j
th{�� � j
qij|ldj��*j
th{�n j^l�ndp*qigrfsp*thth�Bgr{9e�j^j^g
gk}~j9tyfyeLfhgrj
l �^{�eLnda~gkfhmd� qrj^�r{�a~qr�
j^��p���p*fhtsp*cdthjBp�g|gr}djBgkfhe�j�� *F{�md�ij
��adj^m�grth�oe�p*mz� {*u=gk}dj^e
qrj^th��}dj5p���fyt � adn?{�mogr}dj�ad�rjZ{*u=gk}dj9u p*� g � {*adqrfhj
q�� gkqrp*md�iuv{*qre  #� � � "�p�ty��{�qifhgr}de � � }dfy�;}xp��
�
fymJndqrp*�^grfy�^j*�xqrj^�igrqrfy�-gkj^l�gk}~jZqrp*md��j�{*u@{�n~grfy�5p�t ��j
{*e�j-gkqrfhj
�;p*m~l�qij5p*thfy�igrfy�BeL{�ldj
thtyfym~�W{*u=gk}dj
�
{*e�ndabgkj
q|�*j
mdj^qkp�grj
lP}~{�ty{��*qkp*eL�Fldj^�rfh��mdj
l'�

� X � �QNP:R258;AWV5V � SU69T�6947A :@69I E�HLV
HUS�47ACG >

�Fj-uv{�qrj ldfy�i�
ad�i�rfym~�Be�j-gk}d{�ld� {*u �
{�eLnda~grj
q ��j
mdj^qkp�grj
l }d{*ty{���qrp*nd}z��fhg fy� qrj^tyj���p*mzg gk{Bldfh�r�^ad�r�
{�n~grfy�
p*tdqrj^�
{�qildfym~� {*u�}d{�th{���qkp�e��7p�mdl�l~fy�r�^ad�r� qrj
p*�r{�m �;}z�Ugk}dj^�rj�e�p5� md{*g c?j;�radf g p*cdthj�uv{�q
e�p*mz� {*u=gk}djZp*n~ndtyfh�5p�grfy{�md�Fe�j^m�grfy{�m~j
l��

�Bn~gkfh�5p*thth�9��j^mdj
qrp�gkj^lW}d{�th{���qrp*e��=p*qijFe�p*ldj c��Znd}~{*gk{��*qkp*nd}~fy�5p�tyth�Bqrj
�^{�qrl~fymd�!gk}dj�fhmzgkj
q"�
uvj
qij
md�^jCnxp)grgkj^qrm�ndqr{�ldad�^j
l �;}dj^m�tyfh��}zg;�r�
p�grgrj
qrj^l�uvqr{�e p*mP{�c/=ij
�^g� vgr}dj {*c5=ij
�-gBc?j5p*e	"�fy�
fymzgrj
qiuvj^qrj^l��;fhgk}JpWqij^uvj^qrj
m~�
j9c?j5p*e � � }dj
qij�p*qrj�e�p*mz��ldf-� j
qij
mzg|g ��n j^�|{*u=e�j^ldfspZgk}xp�g��5p*m
c?j�ad�ij
l gk{Wqij
�^{�qrl�gr}djB}d{*ty{���qrp*e � � }dj^�rj9fym~�
tya~ldj.�ifyt ��j
q }xp*thfyldj!j
eWa~ty�rfh{�md�^�~ldfh� }dqr{�e�p�grj
l
��j^tsp�grfymdj  � *|�!" �dnd}d{�gk{�qij
�rfh�ig!p*m~l��in j^�
fsp�tyfy� g|nd}d{�gk{Ln {�t ��e�j^qr� �

� }dj.uvqifymd�*j
�Dgk}xp�g e�p
�*j.adn�gr}dj�fhmzgkj
q uvj
qij
md�^j�nxp�gigkj^qrm p�qrj;g �bn~fy�5p�tyth�W�rfym�ad�i{�fyldp*t �z}dj^md�
j
gk}~jCj��bn?{��ra~qrjUp�g.gk}djWeLj
l~fsp�fh���ifym�ad�r{*fylxp*t p*mdl��^{�md�ij
��adj
mzgrth��gr}djCldj���j^ty{�n?j
l p*eLndtyf gkadl~j
{�q9nd}dp*�rjUldfh�igkqifycdabgkfy{*md�9p*qijWgk{J�r{�eLj j���grj
mzgC�ifym�ad�i{�fylxp�t % � � m0e�p*mz���
p*�rj^�Zgr}djUfymzgkj^md�rf g �
{*u gk}dj!uvqrfym~��j
� p*mdlLgk}dj.�
{�mzgkqrp*�igF{*u�gr}dj.uvqifymd�*j
� �;fytyt���p*q �Lp*�
qi{��r� gk}dj.}d{�th{���qkp�e p*n?j
q gkadqij
�
� }dfh�9e�p5��qij
�iadthg�fhm�admdj��*j
m l~j���j^ty{�n~e�j^m�gZ{*uDgr}djU}d{�ty{*��qkp*e � � }dfy�9qij
�igrqrfh�^gk�9gr}dj ad�rjU{*u
{�n~grfy�
p*t qij
�^{�qrldfhmd��gr{Jp*ndndthfy�5p)gkfy{*md� �;}~j
qrj a~mdfhuv{�qie uvqifymd�*jCcdqify��}zgkm~j
�r��p�mdl��
{�mzgrqkp*� g��5p*m
c?j�p*� }dfyj���j^l � �

� }dj9�rfhm�ad�r{�fhlxp*t?mxp�gradqrjB{�u gk}dj�uvqifymd�*j
�FthfyeLfhgr�Dgr}djBldf ��qrp*�^grfy{�m�j�,L�
fhj
md�-� {*u �iad� }o}d{�ty{
�
��qrp*e��|gr{ p*qi{�admdl0�('�� uv{�q!cdfymdp*qi�op*eLndthfhgka~ldj�p*mdl )1'�� uv{�q!cdfymdp*qi�)� n~}xp*�rj 	 #D'~��#~���`��� � g
fy�9n?{��i�rfyc~tyjCgr{Pp*� }~fyj��*jU}dfy��}~j
q9j�,L�^fyj
m~�^� ad�ifymd����{*tyadeLj nd}xp*�ijU}d{�ty{*��qkp*eL�Bfhm � *|� cda~g
gk}~fy� }xp*� ndqr{�c~tyj
eL� c j^�5p*ad�ijB{*u�fhg fy� �rj
m~�rfhgrf-�*j.gk{Cp mxp�qrqr{��"qrp*md��j.{*u'�Fp���j^tyj
m~�*gk}d�|{�u tyfh��}zg
�K^[M-9�BO9�Z"9�=E�"<$0	9�!V(A�4/]0.2"!65D032W(*9�?*%E2"=E#[%'#�!-��!Oo =E%E!-9�2"?A#>�	(&M$9�?&9�#>P$= (*%+!-,8B-9�Z"9�=+��<C9�BD<C2W(>(*9�?*!�L�%+=E=Y,�9�!Oo

9�?@24=E=E53!-�4(A7:9�#>%E!6P$#&�"%'B-24= F
G H-��?X%E!$#)(@24!$J�98(*M-9DM-��=+��,"?@24<-M$%EJ.<-?*�OBOP$JK(&%E�"!m�"/A,"?@2W(&%E!-,V#�24!$B #>��0	9�JK�"0.<-=E%'J�2W(*9�BN��<O(&%'J�2"= 9�=+9�0	9�!V(*#

=E%+R�9�M$9�2"BOo P-<�BO%'#><$=E2e5O#�F
c�^[M-9�b$,"P$?&9�#�jVP-�"(&9�B�2"?&9 (&M-9[032�
O%E0XP-0 (&M-9��"?*9K(&%'J�2"=OBO%�� ?@2"J�(*%+��!�9�_8JK%E9�!$J�5�BO9Kb$!$9�B.2"#1(&M$9�<$?&��<C��?>(*%+��!

�4/�9�!-9�?&,�5DBO%��:?@2"JK(&9�BD%E!V(&�	(&M-9����U��?*BO9�?�F

�(#



p*mdl gk}~j
qrj�fy�Zp gkj
m~ldj
md�-� uv{�q9gk}djL��j
typ�gkfhmdjWgk{��r}dqifym���p�u gkj^q j$�~n?{��iadqrj�p*mdl gk}�ad�C� }dp*md��j
gk}~j�uvqifymd�*jB�rnxp��
fym~���

� �9eLj
mzgkfh{�mdj^l0p�c {���j {*n~gkfh�5p*t qrj
�^{�qrl~fymd�Jqrj^��adfyqij
��p*m {�c5=ij^�^g p*mdl p qij^uvj
qij
md�^j�c?j5p�e
gk{0c jondqij
�rj^mzg����9j
m~j
qkp)gkfym~�0�iadfhgkp*cdtyjo{�c5=ij^�^g p*mdl$qij
�
{*qrldfhmd� c?j5p*eL�L{�n~gkfh�5p*thth� �5p*m$c?j
ldf ,��^adthg�admdtyj^�r�;gk}dj-�Jp*qij �*j
q �J�rfyeLndthj
�

� g!e�p5� p�ty�r{Uc?j�ldf-,L�
a~thg|gk{ wxm~lPe�p�gkj^qrfsp�ty�F�ij
md�ifhgrf-��j p�g|gr}dj �indtsp5��cxp*� � � ��p��*j
tyj^md�*gr}
�r{�gk}xp�gZgk}~j�{�n~grfy�
p*tDqrj
�^{�qrl~fymd��e�p5� }xp���j gr{Pc?j�e�p*ldj�p�g poldf-� j
qij
mzg �Fp���j
thj
md��gk}�p*mdl
gk}~jZ{*c5=ij
�-gBp*m~lPqrj-uvj
qij
md�^jCc?j5p*eL�!p*thgrj
qrj^l gk{L�
{�eLn j^md�kp)gkj�uv{�q|gk}djZp*c?j
qiqkp�grfy{�md�;qij
�ra~thgkfhmd�
uvqr{*e gr}dj � }xp*md�*jLfhm ��p��*j
tyj^md�*gr}�� � }djUad�radp*t7p*ndn~qr{zp*� } gk{Jp�� }dfyj��bfhmd� qr{*ad��}dt ��admdf uv{�qre
uvqrfhmd��j c~qrfy�*}�grmdj
�i�Lp*mdl��
{�mzgrqkp*� g�fh�Cgk{ ad�ijop � ldf-� ad�rj ��fye�p*��j��Rgk}dfh�Wgkj
m~ld� gk{ qrj^�radt gUfym
admdl~j
�rfhqkp*c~tyj9fye�p*��j��rn?j
� ��tyjZ{�mJqrj^�
{�md� gkqiad�^grfy{�m��

�x{�q }dfy��}�n?{��Fj^qRp*ndn~tyfy�
p�gkfh{�md��gr}dj qkp*md�*j {*u~n {*�r�rfhcdtyj7qij
�^{�qrldfhmd�!e�p�grj
qifsp*th� fy� j���gkqij
eLj
t �
tyfhe�f gkj^l p*mdlJgk}~{��rj9gk}dp�g!p*qrjZp���p*fytyp*cdthj.gkj^mdlomd{*g;gk{Uc?jZ� g p*c~tyj�p�g%�*j
qi�J}~fy��}Jn?{ � j
qi� �

�(}dj
mog p
��j
mPgr{���j-gk}dj^q!gr}dj m�adeLj
qi{�ad�!ndqr{*cdtyj^e��;j
m~�
{�admzgrj
qrj^l �;fhgr}�{*n~gkfh�5p*thth� �*j
mdj^q��
p�grj
lJ}d{�th{���qkp�e�� e�j
p*md�|gk}xp)g|gk}dj9gkj^� }dmdfh��a~jZfh�|��j
m~j
qkp�tyth��md{*g;ad�ij^uvadt uv{*q�gk}dj�ndqi{blda~�^gkfh{�m
{*u nd}xp*�ij�}d{�ty{*��qkp*eL� �

� X�� � T�ACV � :7258;AWV(G 6�:RE�HJI�>

� ��� �
� � � �&����� ��
 � ��� ��� � � ��� ���]����� � ��� �A��� ���&�K
 �
� fyqij
�-g��
{*e�ndthj�� p*eLndtyf gkadldj!�5p�ty�
a~tsp�grfy{�m�fym)��{�t ��j^�;p*�r�iade�fhmd� �;}xp�g|gr}dj9fyl~j5p*t?fye�p*��j.�
{�e.�
ndthj��Up�e�ndthfhgradldjFl~fy�igrqrfhcda~gkfh{�mW�i}d{�adthlLc?j;p*mdl gr}dj
mU�5p�ty�
a~tsp�grfymd� �;}dp�g7gk}dj%�Fp���j^uvqi{�mzg tyj5p��)�
fym~��gk}dj|}~{�ty{��*qkp*e mdj
j^ld�7gk{9c?j
� � }~fy�7�5p�m c j|ld{*mdj|cz� �icxp*� � � ndqr{�ndp*�zp�grfymd� �.gk}dj|fhldj5p*thfy�ij
l
fye�p*��j!gk{Wgr}dj�}d{�ty{*��qkp*e � � g;�
p*mop*ty�i{ c j9l~{�mdj�cz�Jp*�r�iadeLfymd�Wgr}dj9qrj^��a~fyqrj^l �Fp���j-uvqr{�mzg;uv{�q
j5p�� }�nxp�qig;{*u gk}~jZfhe�p���j9p*mdlJcda~fytyl~fymd�Cgr}dj9}d{�th{���qrp*e n~}xp*�rj�ldfh�igrqrfyc~a~gkfh{�m��;fhgr}JpU�^{�eWcdf �
mxp�grfy{�m {�u@�ifyeLndtyj �^{�mdj�ndtyp�gkj^� 	 #~���#�

�!fhtyj-�Bp*m~l!� fyq&��j^gig 	 �(#���ldj��*j
th{�n j^lZp|grj
� }dm~fy��adjDgk{|ldj^�rfy�*mZc~fymxp*q �)� nd}xp��rj7}d{�th{���qrp*e��?uv{�q
ad�ij �;fhgr} *|� � tsp*�ij
qr��� � }dj
fhq�p*fhe ��p���gk{Wndqi{bl~ad�
j�pW�rn?j
�
f wxj
l fhmzgkj
m~�rfhg �Lldfh�igrqrfyc~a~gkfh{�m  vfym
gk}~fy� �5p*�ij�gk}dj.tyj-grgkj^qr� � � � � � "7uv{�q a~�rj9p*�FpCtsp��rj
q e�p*� }dfym~j.gk{�{�t#� � }dj�qrj
��adfhqrj^l fymzgkj^md�rf g �
ldfh�igkqifycdabgkfy{*m � � � � � �d� ��p*�9wxqi�ig��rp*e�n~tyj
l p*m~l qij
ndqij
�ij
mzgkj^l�p*��p nxp�gigkj
qim0{�uFn?{�fymzgr� � � m
gk}~jC�ra~cd�rj^��a~j
mzg��5p*th�
adtyp�gkfh{�md�|gk{�ndqr{�ldad�^jWpLcdfymxp�qi�)� nd}dp*�rj ldfy� gkqrfhcda~grfy{�mJfhg �Fp*�Bp*�i�radeLj
l
gk}dp�gDgk}dj^�rj!n {�fhmzgk� �Fj^qrj.�
{�}dj^qrj^m�grth�Ufhtytya~e�fhmxp�gkj^l p*mdlUgk}dp�gDgk}dj!tyfh��}zg7�r�
p�grgrj
qrj^l�uvqr{*e j5p*� }
n?{�fymzg.}xp*l�pLqkp*mdl~{�e nd}xp*�ij p*ldldj^lPgk{�fhg
	 �(#�� �  vgr}djC{�c/=ij
�^g9p*�^gr�Bp*��p�qkp*m~ld{�e ldf-� ad�ij
q "$�
�;fytyj-�Lp*mdl��Ffhq&��j^grg��5p*th�
adtyp�gkj^l�gk}~j9�
{�eLndtyj$��p*e�n~tyfhgradldj.p�gFgr}djB}d{*ty{���qrp*e qrj^�radt gkfhmd�Cuvqr{*e
gk}~jZ�iadn?j
qrn?{��ifhgkfh{�m {*u=gk}dj��i�5p�gigkj
qij
l�tyfy�*}�gFuvqr{�e �kp*eLndtyj9n?{�fhm�gr�;p�g;gk}dj�fhe�p*�*j
�

� }dj }d{�ty{*��qkp*e nd}xp*�ij ldfh�igrqrfyc~a~gkfh{�m����/�9��f ��j^m%cz�(gk}dj ldfhqrj
�-go�
{�eLndtyj$� p*eLndtyf gkadl~j
�5p�ty�
a~tsp�grfy{�m fh�|��f-�*j
mocz� j
��axp�grfy{�m  � � �

�����%p*qi��� 	  �  vj �
	���
�� ������ � � 	���� � " "��   � � "

�;}dj^qrj�� fy�9gk}djLqkp�ldfsp*t@ldfy� g p*md�^j�p��
qr{*�r��gk}djL}d{�th{���qkp�eQuvqr{*eMgk}djL{�n~grfy�
p*tDp
�bfy�^��� fh�9gk}dj
� {�q&��fym~�Ll~fy�igkp*md�^j�uvqi{�e gr}dj�}d{�th{���qkp�e ndtyp*mdjBgr{Ugr}dj�fye�p*��j.ndtsp*m~j*�! Pfh�Fgk}dj��Fp���j
thj
md��gk} ���� fh�|gk}dj��kp�e�ndthj
l �^{�e�n~tyj�� p*eLndtyf gkadldj� �;fhgr}Jqkp*mdl~{�e nd}xp��rj "�{*u gk}dj�fhe�p*�*j���f ��j
mocz�

�"� � 
#�  %$&�('*)�� " �^{�eWc,+-� $&�$�. �=�^{�eWc,/10 )��)#.32 j �5476
8:9�;   �! "

�;}dj^qrj<$�.Lp*mdl=)#.Up*qij�ldfh�igkp*md�
j�c j-g �Fj^j
m(fye�p*��j �rp*eLndtyj^��fhm�gk}~j � � p�mdl��)� l~fyqrj^�^grfy{�md�^�



��� � ���ofy�Lp qkp*mdl~{�e�nd}xp*�ij�p*m~l 
#�  :$&��'*) % "Wfy� gk}djoldj^�rfyqij
l�fye�p*��jJp*eLndtyf gkadl~jJp�g  %$&��'�)���"$�
�
{*eWc,+�p�mdlJ�
{�eWc /Zp*qrj9�^{�eWc uvadmd�-gkfh{�md�;p*�;ldj-wxmdj
lofymo�9{�{blde�p*m 	 ) �#� � }dj���adp*mzgkfy�rp�gkfh{�m
{�n?j
qrp�gk{�q^� 	W�dfy�|�*f-��j^m�cz�

	  
zj �54 " ��� 
zj�� '
	 ��	
�

zj ��� ��	 ��	  ��   �$# "

p*mdl gr}dj�admdfhuv{*qre]fhmzgkj
m~�rfhg � {�n j^qkp�gr{�q
��� �xfy�|�*f-��j^m�cz�
�  
�j �54 " � j �54   �*) "

� }djW}d{*ty{���qrp*e nd}dp*�rjWl~fy�igrqrfhcda~gkfh{�m ��p*���5p*th�
adtyp�gkj^lPcz��gkp
��fymd�Lgk}dj g �F{ l~fyeLj
md�ify{�mxp�t
ldfh�r�
qij^grj.�x{�adqrfhj
q"� gkqrp*md� uv{�qre {*u7gr}djWfhe�p*�*j �rp*e�n~tyjCn?{�fhm�gr�.gr{ ��f-�*j p�cxp�mdl �;fylbgk}�tyfhe�f gkj^l
�
{*e�ndthj�� p*e�n~tyfhgradldj�l~fy�igrqrfhcda~gkfh{�m �
�;}~fy� } �Fp*� qrj^n j
p�gkj^l  {*qRgkfythj
l�" gr{Zwdtyt~gr}dj;j
mzgkfhqrj!}d{�ty{
�
��qrp*e3p*n j^qigradqrj�� � ��axp�ldqkp�grfy��nd}xp*�ij gkj
qie �Fp*�Up*ldl~j
l�gk{Pgr}dj nd}xp��rj {*u|gr}dj qrj^�radt g p*mzg
�
{*e�ndthj�� p*eLndtyf gkadldj
	 �8#�� � � }~jZfhmzgkj
m~�rfhg ��ldfy� gkqifycda~grfy{�m {��*j
q|gk}dj9}~{�ty{��*qkp*e p*n?j
qigradqrj �Fp*�
p*�i�radeLj
l gk{oc jLqr{*ad��}dt ��admdf uv{�qre 	*#D � p*mdl ��p*�Z�rj-g�gk{�poadm~fhuv{�qie ��p*tyadj�� f � j
� �={*mdth��gk}dj
nd}xp��rjBfhm~uv{�qre�p�grfy{�m ��p�� �*j^n~g�� � }dfh���5p*th�
adtyp�gkj^l nd}xp��rjBldfh�igrqrfyc~a~gkfh{�m �Fp*���^{�mzgkfym�ad{*ad�;p*mdl
fhg �Fp*�B�iadcd�rj^��adj
mzgkt ����axp*mzgrfy�rj^l�p*�^�
{�qildfymd�Lgk{�j
��axp�grfy{�m  �!# � � }dj qrj^�radt g p*mzgBcdp*mdl �;fhl~gk}
tyfhe�f gkj^l�cdfhmxp*qi�)� nd}xp*�ijZl~fy�igrqrfhcda~gkfh{�m��Fp*�|gk}dj^m�ad�ij
logk{ u p*cdqify�5p)gkjBgk}~jZ}~{�ty{��*qkp*e �

� }dj }d{�th{���qkp�e �Fp*�Je�p*m�a~u p��^gka~qrj
l cz�"j^gr� }dfym~��gr}dj cdfymxp�qi�)� nd}dp*�rj nxp�gigkj^qrm(fymzgk{�p
�igkp*fym~tyj
�i��� �igkj^j
tR�iadcd� gkqkp)gkj.�;}dfy� } �Fp*�Bgk}dj^m0n?{�thfy�r}~j
l��r{ gr}xp�gBgr}djUldj
�ifyqrj^l nd}xp*�ijL� }dp*md��j
�Fp*�!p*� }dfyj���j^l�uv{�q|fhmd�
fhldj
mzg;tyfh��}zg|qrj"
xj
�-gkj^lPcz� gk}dj��iadcd�igrqkp�grj  v}d{�th{���qkp�e "$�

� p*fythadqrj;gk{W�rp*eLndtyj!gk}djBfhe�p���j�p�ldj
��axp�grj
t � eLj5p*mzgFgr}xp�g�gr}djBqij
�
{*md�igrqrad�-gkfy{*m �
{�md�ify� gkj
l
{*u �Fj^tyt �ij
nxp*qrp�gkj^lPn?{�fymzgr�|qkp�gr}dj
q|gk}dp*mPp �^{�mzgkfym�ad{*ad�.fhmzgkj
m~�rfhg � ldfy� gkqrfhcda~grfy{�m�� � � �rj-grgrfymd�
gk}~jofhe�p���j��rp*e�n~tyj nd}xp��rjJcda~gLmd{*gL{�nbgkfyeLfy�ifymd�ogk}djJ}d{*ty{���qrp*e3nd}xp*�ij�ldfh�igrqrfyc~a~gkfh{�m gk}~fy�
eLj^gk}~{blPu p�fytyj^lPgk{ j$�bndty{�f g�gr}dj nd}xp*�ij ldfy� gkqifycda~grfy{�m�fym�gr}djWfye�p*��jCp*�9p nxp�qigkfyp*t=ldj
��qij
j {*u
uvqrj^j
ld{*e �

� }dj ldf ��qrp*�^grfy{�m�j�,L�
fhj
md�-��{*u7gr}dj }d{�th{���qkp�e ��p*�9n?{�{�qBp*m~l�gk}djW�^qradl~j ��adp*mzgkfy�rp�gkfh{�m
ndqi{b�^j
�r� � fhm�grqr{�ldad�^j
lLmd{�fy�ij �;}dfy� }Lldj^��qkp*l~j
l�gr}dj;fye�p*��j �
{�md�ifyldj^qkp*c~th� � � }dfy�DeLj^gk}~{blLp*th�r{
p*�i�radeLj
l gk}dp�g7gk}dj|}~{�ty{��*qkp*e �Fp*�Dadmdfhuv{*qreLth��fythtyadeLfymdp�gkj^l  uv{�qRtsp��rj
q7e�p*� }dfhmdfym~�Bndadqin {��ij
�
gk}~j }d{�ty{*��qkp*e � {�adthl c?j fythtyadeLfymdp�gkj^l�cz� p tsp��rj
q�c j
p*e �;f gk} p*m fymzgkj^md�rf g ��ldfh�igrqrfyc~a~gkfh{�m
p*�^qr{��i�Cgk}dfh�Cc?j5p*e�ldj^n j^mdldfhmd��adn?{�m gk}~j tsp*�ij
q ldj
�ify��m�"$� *F{�m~�rj
��adj^mzgkth� gk}dfh�CeLj^gk}~{bl0fy�
admd�iadfhgkp*cdthjBuv{�q|}dfy�*} j�,L�
fhj
md�-��� }dfy�*}o��axp�tyfhg � p*ndndthfy�
p�gkfh{�md� �

� ��� ��� � �`
 � ����� � � ���m���&� �"���4
 � � ��
	�K
	! �&� � �
�9j
{�eLj^grqrfy��gkqrp*md� uv{�qre }d{�th{���qrp*e��!ad�ij p*m�p*mdp*th��gkfh�Zuva~md�^grfy{�m �;}~fy� }�e�p*nd��gr}djWp���p*fytyp*cdthj
j
m~j
qr��� fym gr}dj�}d{�ty{*��qkp*e fymzgrj
md�ifhg � l~fy�igrqrfhcda~gkfh{�m {�mzgk{ gr}dj�fye�p*��j�fhmzgkj
m~�rfhg � ldfy� gkqrfhcda~grfy{�m��
� }dfh� e�p*ndn~fymd�9�
p*mLgr}dj
m�c j;ad�ij
l�p*� pZcxp��rfy�7uv{�qD�
p*ty�^adtsp�grfymd�BpZ}d{*ty{���qrp*e nd}xp*�ij.ldfh�igrqrfyc~a �
gkfh{�m�� �(f gk}�gr}dj9j��b�^j
n~grfy{�mJ{*u p*mJfye�p*��j!�
{*md�rfh�igkfhmd� {*u pW�rfhmd��thj�n?{�fymzg�gr}dj
qij9fy��md{ a~mdfy��adj
e�p*ndndfhmd��uvadmd�-gkfh{�m p*mdl fhg�fy�B{�u gkj
m�gr}dj �5p*�ij gk}xp�gB�r{�eLjUp*qrc~fhgkqrp*qi�oc?{�admdldp*qi�P�
{�mdl~fhgkfh{�m
eWad� g;c j��ij^g!fymJ{�qildj
q|gk{ wxm~lPpUnxp*q gkfy�^adtsp�qFe�p*ndndfhmd� 	*#D; � �
q�� (&M-9�?]0	9�(&M-�OB-#h�4/$<-MC2"#&9[jVP$2"!V(&%'#&24(&%E�"!�#&P$J@M	2"#�9�?*?&��?�B-%�� P$#&%+��!�� ���Oa������$J�24!�(*?*2�BO9�� �8=E�WLN/T?&9�jVP-9�!$J�5

?*9�<-?*9�#&9�!V(*24(&%E�"!.�4/ (*M-9�J��"!V(&%E!6P-�"PC#f<-M$2�#>9\L�% (*M8M-%E,"M./T?*9�jVP-9�!CJK5.!-�"%'#&9`24!$B8?&9�#>P-=+( %E!87:9K(>(*9�?�%+032","9A?*9�J��"!Oo
#>(&?*P$J�(*%+��!ga-2"#�(*M-9I!-�"%'#&9�%'#[?*9�=E�6J�2W(*9�B��"PO(A�"/Y(&M$9I%+0324,�9I24?*9�2-F
� (]%'#f24='#&�\!-�"(&9�B�(*M$2W(h2UJK��!�(*%+!6P-��P$#�<-M$2�#>9[BO%'#)(*?&%E7-PO(*%+��!	J�24!	7C9�2"J�JKP-?@2W(*9�=E5I?&9�<-?*9�#&9�!V(&9�B�L�%+(&M.2\7$%+!$2"?&5Vo

<-M$2�#>9	BO%'#)(*?&%E7-PO(*%+��!Q<-?*�WZV%'BO9�B�2�J�24?*?&%E9�?�/T?*9�jVP-9�!$JK5�%'#`PC#>9�Bla %+!S(&M-%'#UJ�2"#&9�(*M-9�J��"!V(&%E!6P-�"PC#`<-MC2"#&9X%'#`P$#&9�B
(&�X0	�OBOP$=E24(&9\J��"!V(&%E!6P-�"PC#>=E5�(*M-9`<:��#&% (*%+��!3�4/l(*M-9\J�24?*?&%E9�?]/T?*%+!$,"9�#�F �h?*�WZV%'BO9�BX(*M-9\J�24?*?&%E9�?h/T?&9�j�P$9�!$J�5�%'#hM-%E,"M
9�!$�"P-,�MD(*M-9Ub$?@#)(ABO%��:?@2"JK(&%E�"! �"?@BO9�?[L�%E=+=1J�24?*?*5.(&M-9�BO9�#>%E?*9�B JK�"!V(*%+!6P-��P$#[<-M$2�#>9!� ��"6a���#�� F



� }dj ��j^{�eLj^gkqify�
p*t7gkqkp�md�iuv{�qie uvadmd�^grfy{�m0�5p*m�c?j�gr}d{�ad�*}�gC{*u!p*� ldj^wxm~fymd��p�cdadmdldthj�{*u
ldfh�r�
qij^grj qrp/���!fymdl~fy�5p)gkfym~�Wgk}djZnxp�gr}P{*u=gk}djZtyfh��}zg!p*�!fhg|gkqrp���j
th�!uvqi{�e]gr}dj }~{�ty{��*qkp*e gk{Ugk}dj
fye�p*��j�� � }djUqrj
��adfhqrj^l �Fp���j^uvqi{�mzgCfh�Bmd{�qie�p�t gk{ gr}dj
�ijLqrp5�b��� �.m~tyj
�i�9gk}dj cda~mdldtyj {�uFqrp/���
fy���ifyeLndth��{*qr�zp*m~fy�rj^l0gr}dj
qij �;fytht7c j�md{P�iadqiu p��
j�gr}xp�g fy���������	�
�������
�Zp*mdl������������?gk{ogk}dj
qkp5��� � �!mdldj
q|gr}dfy�|�^fyqr�^adeL�ig p�md�
j�fhg�fy�|mdj^�
j
�i�kp*q �Jgk{Lp*ndndqi{��~fhe�p)gkj�gr}dj�fyldj
p*t �ra~qiu p*�^j �;f gk}
{�mdj9gr}xp�g;fy�;ldfh�r�^{�mzgkfym�ad{*ad�!p*mdl�p*ndndqi{��bfhe�p�grj
t � md{�qie�p�t�gk{ gk}~j qrp/����� � }djZldfh�r�
{*m�grfym�adf g �
�5p�m�c j ty{��5p*thfy�ij
lJcz�P�indtyf grgkfhmd� gk}djC}d{�ty{*��qkp*e]fymzgk{��radc � p*n?j
qigradqrj^�B{�q;u p*�
j-gk�9p�mdl �;qifhgkfhmd�
p �
{*m�grfym�ad{�a~�Zl~fy�igrqrfhcda~gkfh{�mPfhmzgk{Jj5p*� }'� � }dfy��p�ndndqr{�p*� } �r}df u gk�9p*tht gr}dj ldfy�i�
{�mzgrfym�adfhgrfyj^��gk{
gk}~j�j^ld��jP{�u9j5p*� }��radc � p*n?j
qigradqrj�� � }djPfhm�grj
q u p*�
j^��c?j^g � j
j^m(gr}djJu p*�
j-gk� p�mdl�gr}djPnd}dp*�rj
ldf ��j^qrj
m~�
j
�;c?j^g � j
j^mPgk}dj9u p*�^j^gr�!fhmzgkqr{�ldad�^j�md{�fy�ij9fymzgk{ gr}dj�fye�p*��j
�

��j^{�eLj^gkqify��gkqrp*md�iuv{*qre }d{�th{���qkp�e��;}xp���jWp*ty�i{�c?j
j
m�fhe�n~tyj
eLj
mzgrj
lPa~�rfym~���rn~fyqkp�t nd}dp*�rj
ldfh�rty{��5p)gkfy{*md� 	 #1; �#� � }djZ�rndfhqkp*t l~fy�rth{b�
p�gkfh{�md�;p*qij��5p*qij^uvadthth� ndtyp*�
j^l�fhmPpU�
{*m�grfym�ad{�a~�.nd}dp*�rj
ldfh�igkqifycdabgkfy{*m �r{ gr}xp�gDgk}~j.qij
�ra~thg p�m�g ��j^{�eLj^gkqify�
p*t~gkqrp*md� uv{�qre p*n~ndqr{��bfye�p�gkj^�7gk}dj!fyldj
p*td{�m~j
�
� }djZnd}xp*�ijCldfh�igrqrfyc~a~gkfh{�m fy�;ldfh�r�
{*m�grfym�ad{�a~��p�g;gr}dj �^j
mzgkqijC{*u@j5p*� }P�rndfhqkp*t ldfh�rth{b�
p�gkfh{�mJp*mdl
gk}~fy��thj5p*l~��gk{ � }d{�tyj^� � fhmPgk}~jWfymzgkj^md�rf g �Pl~fy�igrqrfhcda~gkfh{�m�p)gBgk}djCfye�p*��j �;}dj
qijUp	�
j^qr{ fym�gk}dj
fymzgrj
md�ifhg � {��
�^adqr�;uv{�q|j
p*� }��indfyqrp*t ldfh�rth{b�
p�gkfh{�m 	 #z� �#�

� }dfy� eLj^gr}d{bl�fh� ldf-,L�
a~thg gk{!fyeLndthj
eLj
mzg�uv{�q ��j^mdj
qrp*tzad�ij
� � }~j ��j^{�eLj^gkqify�
p*t�grqkp*md� uv{�qreL�
�5p�m�{�mdt ��c?jCuv{�a~mdl�j5p��rfyt �ofym�p��ie�p�tyt m�adeWc?j
qB{*uD�in j^�
fyp*t �
p*�rj^� � � }djW�iadcd�ij
��adj
mzgZ�igrj
nd�
�ra~� }Pp*��gr}dj��rj^nxp*qkp)gkfy{*m {*u gr}dj9��qrp�gkfhmd� ��j^�^gr{�q!wdj
tyl fhmzgk{U�
{�mzgrfym�ad{�ad�;p�mdlJldfy�i�
{�mzgkfhm�ad{�ad�
nxp*q gk�;p*m~logr}dj�n {��ifhgrfy{�mdfhmd�C{�u gr}dj��rndfhqkp*t l~fy�rth{b�
p�gkfh{�md�|p�qrj9ndqi{�cdtyj^e�p)gkfy��p*mdloqrj^�igkqify�-g|gk}dj
ad�ij^uvadthmdj
�i�.{*u ��j^{�e�j-gkqify�5p�t gkqrp*md� uv{�qre }~{�ty{��*qkp*eL� gr{��in j^�
fsp�t �5p*�ij
���

`bfym~�
jUgk}dj�nxp*qigrfy�^adtsp*qBgrqkp*m~�iuv{�qie3a~�rj
l }xp*� gr{�c?j��ij
thj
�^grj
l c?j^uv{*qrj�p*mz�0{�u�gk}dj�{*gk}~j
q
�igrj
nd��p*qrjo�5p�qrqrfhj
l�{�a~g5� gk}dj�nxp*q gkfy�^adtsp�q �r{�tha~gkfh{�m�p�qrqrf ��j^l$p�gLe�p/��m~{*g�c?jo{�n~gkfhe�p�t �7uv{�q
fym~�ig p�md�
j!fhg e�p5�Uqij
��adfyqij�eL{�qrj!�rn~fyqkp�t?l~fy�rth{b�
p�gkfh{�md�Rgr}xp*m p*m~{*gk}dj^qF�i{�tya~grfy{�m�p*mdlLgk}dj^qrj-uv{�qrj
fymzgrqr{�ldad�
j7eL{�qijRmd{�fh�rj7fymzgr{;gr}djDfye�p*��j�� � }djD�rnxp�grfsp*t*�
{�}dj^qrj^md�
j {*u�gk}dj7}d{*ty{���qrp*e fy� tyfhe�f gkj^l
gk{ {�mdj;u p*�
j-g�{�qDgk}~j��rndp*�
j.c j-g �Fj^j
m gk}dj.ldfy�ity{��5p�grfy{�m~�7ldj
n?j
mdl~fymd�W{*m�gk}~j.gkj^� }dmdfh��a~jBad�rj^l��
� }dfh� j���j^�^gkf ��j^th�Ztyfhe�f gk� gk}~jF}d{�th{���qrp*e / � �;fhgr}Cqrj^�rn?j
�-gRgk{!gk}dj �rf �^jF{*u~gk}dj �re�p*tythj
�ig=fhe�p*�*j
uvj5p)gkadqij fym eWad� }�gk}~jL�rp*eLj ��p5� p*��f g9fy�9thfyeLfhgkj^lPfhm p*m p*qrqrp/��{*u tyj
m~�rtyj-gk�Bgr{Jgr}dj / � {*u
{�mdj9thj
md�ityj-g��
� � �;f gk}�p�m��0eLj^gk}~{bld� gk}xp�gCqrj^�radt g fym�p��
{�mzgkfhm�ad{�ad�W}~{�ty{��*qkp*e nd}dp*�rj ldfh�igrqrfyc~a~gkfh{�m

gk}~j�nd}xp��rjBeWa~�ig|c?j���axp*mzgrfy�rj^l gk{W�iadfhgrj.gr}djB}d{�th{���qrp*e u p*cdqify�5p)gkfy{*m�ndqi{b�^j
�i� � � }dfy� �5p*m c?j
ld{�m~j9ad�rfhmd�Up*mz� {*u gk}~jBgkj
� }~mdfy��adj^�!eLj
mzgrfy{�mdj^l��D�@p)gkj
qi�r{�m 	 #1; � a~�rj
l�p �5p*qiqrfhj
qFuvqij
��adj
m~�^�
gk{ j^md�
{�ldj9gk}~jZn~}xp*�rj�p�mdl��inxp�grfsp*thth�U�rj^nxp*qrp�gkj9gk}~jZl~f-� j
qrj^mzg;{�qrldj^qr�|adn?{�mJqrj^�
{�m~�igkqiad�^grfy{�m
�r{ gr}xp�g;gk}dj�qij
��adfyqij
l��W�Z{*qrldj^q!�^{�adthloc?j�fy�i{�tsp�grj
l��

� }dj�eLj^gr}d{�l ld{�j
� md{*g p�tyty{�� eWad� } �^{�mzgkqr{*t {���j^qC{�qZj��bndth{�fhgZgk}~j�nxp*q gkfyp*t7ldj
�*qrj
j�fym
uvqrj^j
ld{*e {*uCgr}dj fye�p*��j�n~}xp*�rj ldfh�igkqifycdabgkfy{*m(p*thgr}d{�ad��}(� }d{�{��ifymd��p��rj
m~�rfyc~tyj ��j
{*e�j-gkqrfh�
gkqrp*md� uv{�qre gkj
m~ld�!gr{U��f-�*j p �ij
md�ifycdthjZfhe�p���jBnd}xp��rj�ldfy� gkqifycda~grfy{�m'�

� X�� �QNP:R25G 25>@AZ:72
HLT G 6�:RE�HJI�>

� ��
��
� � �f
�� ����� ��
 ���C
 ��� ��
 �"�g� �&� � �	� �
� }dj|eLj^gr}d{blC{*u?ndqr{>=ij^�^grfy{�m � {�m � �
{�md� gkqrp*fymzgk� 	*#B�~�D#��b�B)1'~�I)d�*�1 B<b�I)/ b�B)D#~�B)D)�� � {�q&���7cz�Wndqi{��
=ij
�-gkfhmd�Zp��Fp���j;uvqr{�e p*mUfymdf gkfsp�tb}d{*ty{���qrp*e ldj
�ify��m  ad�iaxp*thth� �;f gk}Uadmdf uv{�qre fymzgkj^md�rf g � p*m~l�p
qkp�mdld{�e nd}xp*�ij ldfh�igrqrfyc~a~gkfh{�m�"Dgr{�p�mofhe�p���jBndtyp*mdj �;}dj^qrj�gk}dj��
{*e�ndthj�� p*e�n~tyfhgradldjBl~fy�igrqrf �
cda~grfy{�m�p�g gk}dj!fye�p*��j;fy� qrj^�igrqkp*fhmdj
l  vad�radp*tyt �Wgk}dj.�5p*th�
adtyp�gkj^l�fhm�grj
md�ifhg �Lldfh�igkqifycdabgkfy{*mLfh� �ij^g
gk{Zgk}xp)gF{*u�gk}dj.qrj
��adfhqrj^l fymzgkj^md�rf g �Lldfy� gkqrfhcda~grfy{�m �;}dfythj!gr}dj��
p*ty�^adtsp)gkj
lLnd}xp��rjBldfh�igrqrfyc~a~gkfh{�m
fy� qij^gkp*fymdj^l�"�� � }dj ��p��*j^uvqr{*m�g p�gUgk}djJfhe�p*�*j fy�Ucxp*� � � ndqr{>=ij^�^grj
l�gr{ gr}djJ}d{�ty{*��qkp*e p*mdl



gk}~jBqrj^�radt g p*mzg|�^{�e�n~tyj���p*eLndthfhgka~ldj.l~fy�igrqrfhcda~gkfh{�m p)g�gk}dj�}d{�ty{*��qkp*e fh��qrj^�igrqkp*fhmdj
l  vad�raxp�tyth�
gk}~j�}d{�th{���qrp*e fymzgrj
md�ifhg � ldfy� gkqifycda~grfy{�m fy� �rj-gCgk{�gk}dj�qrj
��adfhqrj^l fymzgkj^md�rf g � ldfy� gkqrfhcda~grfy{�m0p�g
gk}~jZ}~{�ty{��*qkp*e]p*mdlJgk}djZnd}xp*�ij l~fy�igrqrfhcda~gkfh{�m e�p/� c j���axp*mzgkfh�rj^l � �ij
j �i�r{�u g.��axp�m�grfy�rp�gkfh{�m �
c?j
ty{�� "$� � }~fy��n~qr{��
j
�i�Bfy�.qrj^n j
p�gkj^l�p�m�adeWc?j
q.{*uRgkfhe�j^�  vad�radp*tyt � �('
� �(; grfyeLj
�!cda~gB{��
�
p
�
�rfh{�mxp*thth� e�p*mz��e�{�qij " p�u gkj^q �;}dfh� } gk}dj9qij
�ra~thgkfhmd�Cn~}xp*�rj9l~fy�igrqrfhcda~gkfh{�m p)gFgk}~jB}d{�th{���qkp�e fy�
qrj-g p*fhmdj
l��d��axp*mzgkfh�rj
l�fhu=mdj^�
j
�i�kp*q ��� p*mdload�rj^logr{�n~qr{�ldad�
j9gr}dj�}d{�ty{*��qkp*e �

� u7gk}djCnd}xp*�ij fy�!��adp*mzgkfy�ij
l p�g.gk}djW}~{�ty{��*qkp*e lda~qrfym~� {�n~grfyeLfy�kp)gkfy{*m �~gk}~jW�
{�m)�*j
qr�*j
md�^j
ndqi{b{*u=ldfh�r�^ad�r�ij
l�cz�o�9j
qi� }�c?j
qi� p*m~lP`bp
��gk{�m 	*#B��� ld{�j
�;md{*g!}d{*tyl��

�(}dj
m�gk}djZm�adeWc?j
q!{*uR��axp*mzgrfy�kp)gkfy{*m�thj���j^ty�;fy�!ty{��  vuv{�q;fym~�ig p�md�
j��?c~fymxp*q �)� nd}xp��rj " �xgk}dj
��axp*mzgkfh�kp�grfy{�m ndqr{��
j^�r�7�
p*m fymzgkqi{bl~ad�
j �r{9eWad� } m~{�fy�ij gk{.gk}dj�}~{�ty{��*qkp*e�nd}dp*�rj|ldfh�igrqrfyc~a~gkfh{�m
gk}dp�g.gr}djWp�ty��{�qifhgr}de u p*fhty�|gk{��
{�m)�*j
qr�*jW�kp�grfy� u p*�^gr{�qrfhth��	 )/;�� #D��� � � n?{��i�rfyc~tyj ��p5�ogk{ p��*{�fyl
admd�rp�gkfh�iu p*�-gk{�q � �^{�m)��j^qr��j^md�
j�fy�Cgr{ �*p�qi� gr}dj m�adeWc?j
q {*u!thj���j^ty� {*u!��axp*mzgrfy�kp)gkfy{*m�ldadqrfhmd�
gk}~j9{�n~gkfhe�fh�kp�grfy{�m�ndqr{��
j^�r����`�gkp*qigrfymd� �;f gk}J�
{*m�grfym�ad{�a~�!n~}xp*�rj p*mdl gr}dj
mo��axp*mzgkfh�rfym~� �;f gk}
e�p*mz��tyj���j^ty�  �rp/� <I) "-� gk}~jLm�adeCc j^qZ{�uF��axp*mzgrfy�kp)gkfy{*m thj��*j
ty��fh��gr}dj
m qrj^ldad�^j
l �;f gk} j5p*� }
�^���^tyjW{*uDgr}dj p*th��{�qrf gk}de a~m�grfyt gk}dj l~j
�rfhqrj^l�m�a~eWc j^qB{*u tyj���j^ty�Bfh��qrj
p*� }dj^l�� � }~jUp*fye fy�!gk{
p*thty{�� gr}djL�r{�tha~gkfh{�m gr{ �iqij
typ
���Pp*m~l md{*gZgk{oldj^�igkqi{/� f g cz� ��axp*mzgkfh�rfhmd��f gZ�r{P�ij��*j
qrj^th� p�g
j5p�� } �ig p���j9{*u }d{�th{���qrp*e qrj
� gkqrp*fymzgFgr}xp�g�gr{b{CeWad� }J{*u gk}~jBfym~uv{*qre�p�gkfh{�m�fh��ty{*�ig�� � g ��ndfy�
p*t
�r� }~j
eLj�uv{*q��i�r{*u g ����axp�m�grfy�rp�gkfh{�m fy�|�i}d{��;mPfym gkp*cdtyj� �!# � � �

�-�b�^tyj m�adeCc j^q|{*uRnd}dp*�rj�tyj���j^ty�
� �^{�mzgkfhm�a~{�ad�;nd}xp*�ij
 �^{�mzgkfhm�a~{�ad�;nd}xp*�ij
# �^{�mzgkfhm�a~{�ad�;nd}xp*�ij
) <I)
; #D 
< �8<
� �
� )
�  

� p*cdthj? �h� � `�{*u g;��axp*mzgkfh�kp�grfy{�mJ�r� }~j
eLj
�

� }dj�eLj^gk}~{bl�{*uLndqi{>=ij
�-gkfh{�m � {*m � �^{�md�igrqkp*fhmzgk��}xp���{�mdj��rfh��mdf wx�5p*mzg�p*l ��p*mzg p*�*j��
{�e.�
nxp*qij
l �;fhgr}oe�p*mz�Jp*t gkj^qrmxp�grf-�*jBe�j-gk}d{�ld� � f g;�5p*moe�p
�*j�j�,L�^fyj
mzg!ad�ij {*u=gk}~j�u p��ig �x{�adqrfhj
q"�
gkqrp*md� uv{�qre  #� � � "�p*ty�*{�qrf gk}de gk{ n~qr{>=ij^�^g�c?j^g � j
j
m gk}dj }~{�ty{��*qkp*e p*mdl�gr}dj fye�p*��j�� � }~fy�
�rfh��mdf wx�5p*mzgrth�0qrj
l~ad�
j^�Lgr}djop*e�{*admzgU{*u��^{�eLnda~g p)gkfy{*m gkfhe�j qij
��adfyqij
l�uv{�qWgr}djJndqr{>=ij^�^grfy{�m
�igkp*��j^�9{*u gr}djUp*th��{�qrf gk}de �ifymd�^jWgk}dj � � � qi{�a~gkfhmdjCgkp
�*j^����thm  �� "�{�n?j
qkp)gkfy{*md�
�'�;}~j
qrj��
fy� gr}djJm�a~eWc j^q�{�uBndf �~j^ty�U{�qU�kp�e�ndthj
�Ue�p
��fymd� adn�gk}djJ}d{�th{���qrp*e��D�^{�e�ndp*qrj^l �;f gk}�gk}dj
�
{*qrqrj^�rn?{�mdldfhmd� m�adeWc?j
q�{*u9{�n?j
qrp�gkfh{�md�  �� � " qrj^��adfyqij
l �;fhgr}d{�a~gLgk}~j � � � qi{�a~gkfhmdj
� �
�
{*md�rj^��a~j
md�^j�{*u gk}djUad�ij�{�u � � � qi{�a~gkfhmdj
�9fh�9gk}xp�g9gr}djUj
mzgkfhqrj fhe�p*�*jCwxj
thl0fh�9�
{�eLnda~grj
l
p�g!j5p�� }P�igkp*��jZqkp�gr}dj
q|gr}xp*m =iad�ig�pLndp*qigrfy�
a~tsp*q;p*qij5pU{*uRfhmzgkj
qij
� g�� � }~fy�!e�p
��j
�;gk}dj�qi{�a~gkfhmdj
�ra~fhg p�cdtyj�uv{*qFgk}dj�ldj^�rfh��mJ{*u@}~{�ty{��*qkp*eL� �;}dj^qrj9gk}~jZfhe�p���j�fh�|�rndqij5p*lo{���j
q!p tsp�qr��j9p�qrj5pb�d{�q
�;}dj^mPpU��qrj-� �r�
p*tyj9fhe�p���jBfy�|qij
��adfhqrj
l'�

� }dj p*ty�*{�qrf gk}de(}xp*� �i{�eLj7ldqkp��;cxp*� ������uv{�q fym~�ig p�md�
j���f g fy� l~f-,L�
adt g gk{;�^{�mzgkqr{*t*gk}djDnd}dp*�rj
ldfh�igkqifycdabgkfy{*m�{*u gk}dj fhe�p*�*j p*�Bgk}~fy�9�
{*m�gkp*fym~��gr}dj ��j^qi� fhm~uv{�qre�p�grfy{�mogk}xp�g9gr}djLp*ty�*{�qrf gk}de
ad�ij
� gr{C�^{�m)��j
qi��j
� � m�gr}dfy� p*th��{�qrf gk}de fhg fy� p*�i�radeLj
l�gk}xp�g gk}~j��kp�e�ndthj
�Dgk}xp)gFe�p
�*j!adnLgk}dj
fye�p*��jUp�qrjLfymdldj^n j^mdldj^m�g � �.mdthj
�i� gk}~j��rp*e�n~tyj
�Zp*qij�{*n~gkfh�5p*thth� � j
thtD�rj
ndp*qkp�grj
l � fym �;}dfy� }



If the stopping criterion is met stop otherwise continue

Stop

Quantize the hologram phase distribution

(set the calculated hologram intensity distribution to the required intesity distribution)

Restrain the wavefront at the hologram

Back-project the image wavefront to the hologram

(set the actual intensity distribution to the desired intensity distribution)

Restraint the wavefront at the image

Project the wavefront to the image plane

Start, arbitary initial soloution to hologram phase distribution

� fy��adqij� � � � �@ty{�� � }xp*q g;{*uRp g ��ndfy�
p*t ndqi{>=ij
�-gkfy{*m � {�m � �
{*md�igrqkp*fhm�gr�|p*th��{�qrf gk}de �

�5p��rjWgk}~jLfhe�p���jC�
p*mdmd{*g�c?j �
{*m�grfym�ad{�a~�
� gk}dj }~{�ty{��*qkp*e �;fytht j$�~}~fycdf gZp*ldldf gkfy{*mxp*t=�rn?j
� ��tyj
md{�fh�rj9adn?{�moqrj^�
{�md� gkqiad�^grfy{�m 	 )D< �#�

`bad� } }~{�ty{��*qkp*eL��qrj
��adfhqrj�p�thj
md��uv{�qZqrj
�^{�md� gkqra~�^gkfh{�m�� � }dfh� �
p*m �5p�ad�rj��
{�md�ifyldj^qkp*c~tyj
ndqi{�cdtyj^e�� uv{�q �i{�e�j p*ndn~tyfy�
p�gkfh{�md�  uv{�q fhmd�igkp*md�^j typ*�rj^q e�p*� }dfhmdfymd�%�;}dj^qrj gk}dj tsp*�ij
q n {�� j
q fy�
��j^qi��}dfy�*}�"�� � ldf ��qrp*�^grf-��j!tyj^md�F�
p*m c?j�fhmd�
{�qin {*qkp�grj
l�fhmzgk{ gr}dj�l~j
�rfh��m p�u grj
q {�n~grfyeLfy�kp)gkfy{*m
cda~g!gk}~fy�!qrj
��adfhqrj^�Bj
f gk}dj^q�p*l~ldfhgrfy{�mxp�t ��axp*mzgkfh�kp�grfy{�m�{�q!gr}djCa~�rjC{�uDp �xqrj^�rmdj^t n~qr{�nxp��zp�gkfh{�m
eL{bldj^tdqkp)gk}dj^qDgr}xp*m�pBu p*q�� wxj
thl  �xqkp*adm~}d{*uvj
q#"Rndqr{�ndp*�zp�grfy{�m�� � }dj!ad�rj!{*u'�xqrj
�imdj
t ndqi{�nxp*��p
�
gkfh{�mo�5p*m�f gk�ij
thu@fymzgkqi{bl~ad�
j �
{�md�ifyldj^qkp*c~tyjZ�
{�eLndtyj$�bfhg � gk{Lgk}djCp*ty�*{�qrf gk}deo�dj
�in j^�
fyp*tyt � fhu gk}dj
}d{�th{���qrp*e]p�mdlJfye�p*��jBld{Lmd{*g;thfyjBfhmJnxp*qkp�tytyj^t�ndtyp*mdj^� �

� }dj9ndqi{>=ij
�-gkfy{*m � {�m � �
{*md�igrqkp*fhm�gr�Fp�ty��{�qifhgr}de �5p*m c?jB�^{�md�rfhldj
qij
l �^{�e�n~a~g p�grfy{�mdp*tyt � j�,.�
�
fhj
mzg�n~qr{���fyldj^lJgr}dj9p*qij5pC{�u fymzgkj^qrj
� g;fym�gr}djBfhe�p*�*j.fh�Fcdfh�  {��
�^adnz��fymd�UpWtyp*qr��j!ndqi{�n {*qigkfh{�m
{*u!gk}dj�p���p*fytyp*cdtyj�fye�p*��j p*qij5p " � gr}djJm�a~eWc j^q�{�u�nd}dp*�rj���adp*mzgkfy�rp�gkfh{�m�tyj���j
th�Ufy�U}dfy�*}  v{�q
�r{*e�jUeLj^gk}~{bl {*u �i�r{*u gZ��axp*mzgrfy�kp)gkfy{*m �J{�q �ij
qiqr{�q�ldf ��ad�ify{�m �o{�uFgk}~jLn~}xp*�rj�fy�9ad�ij
l�"Zp*mdl
gk}~jL}~{�ty{��*qkp*eMp*mdl fye�p*��jWj
p*� } thfyj �;fhgr}dfym nxp�qkp*thtyj
t ndtsp�mdj
��� � uFj
fhgr}dj
q9gr}dj�}~{�ty{��*qkp*e {�q
gk}~j!fhe�p���j�fy�Dldfh�igrqrfyc~a~gkj^lL{��*j
q p �*{�tyadeLj|qkp)gk}dj^qDgr}xp*m�pQ
xp�gDndtsp�mdj;md{�qre�p*t~gr{9gk}dj!{�n~grfy�5p�t
p
�bfy�Rgr}dj
mLe�p*mz� p*ldl~fhgkfh{�mxp*t�gkqrp*md� uv{�qre �
p*ty�^adtsp)gkfy{*md� �;fhtyt~c?j;qrj^��a~fyqrj^l�fhm {�qrl~j
q7gk{��kp�e�ndthj
gk}~j!fhe�p���j�{�q7}d{*ty{���qrp*e {��*j
qDgk}dfh� ��{�thade�j�� � }dfh�D�5p*mLldqkp�e�p�grfy�
p*tyt � fhmd�
qij5p*�ij|gk}dj!p*eL{�admzg
{*u �
{�eLnda~gkp�gkfh{�m qrj^��adfyqij
l��

� ��
���� � � �"�[� � � ��� !X
 � �@�&��� �
�9j
mdj-gkfy� � th��{�qrf gk}deL�"	 )����B)1� �dad�ij;p*m �ij���{�tha~gkfh{�m �9p*n~ndqr{zp�� }Wgk{Bwxmdl~fymd�9pB�i{�tyabgkfy{*m uv{�q=gk}dj
}d{�th{���qrp*e nd}xp��rj�l~fy�igrqrfhcda~gkfh{�m�� � }dj^��p�grgrj
eLn~g gk{Cj$�bndqrj^�r��gk}~j.fhm~uv{�qre�p�grfy{�mUqrj^ndqrj^�rj^m�grfymd�
gk}~j�}d{�th{���qkp�e�nd}xp*�ij|ldfy� gkqrfhcda~grfy{�m p*� �i�*j
mdj^� �Zp*mdlWgr}dj
m �*c��Cj�� j
�-gkf-�*j
t � �ic~qrj
j^ldfym~� �Bgk}dj^�rj
��j^mdj
�9p�mdl�p*ndn~th��fymd��p*m�j���{�tha~gkfh{�mPg ��n j �i�radq���f-��p*t={*u7gk}dj wdgrgrj
�ig � qra~tyj gr{�gk}~jWqrj^�radt g p*mzg
��j^mdj
�^� p*qrqif-��jZp�g!p �i{�tya~grfy{�m'� �@fy�*adqrj� �! W�r}d{��;�.p �rfyeLndthj 
x{��F� }dp*qig.{*u@gr}dj�ndqr{��
j^�r���

� }dj�� g p*q gkfhmd� n?{�fhm�g uv{�qDgk}dj!��j^mdj^grfy�.p*ty��{*qrfhgr}de fh�Fp �in?{�ndadtyp�gkfh{�m ��{*u e�p*mz�Lp*qrc~fhgkqrp*qi�
�r{*tya~grfy{�md�  vg ��ndfy�
p*tyt ���8'D' 	 )�� � "$� � }djond}xp*�ijol~fy�igrqrfhcda~gkfh{�md�W{�u.gr}djJ�r{�tha~gkfh{�md� p*qijJ��adp*m �
gkfh�rj^l$p*mdl�qrj^ndqrj^�rj
mzg gr}dj��*j
mdj^� {*u�gr}djP�i{�tyabgkfy{*md� � � }dj���axp*tyf g ��{*uBgr}djPqij
�^{�md�igrqrad�-gkj^l
fye�p*��j�{*uRj5p*� }��i{�tya~grfy{�m�fymdl~fy�5p)gkj
�!}d{�� �Fj^tyt gk}dj �r{�tha~gkfh{�mPn?j
q uv{�qreL� � � }djW�i{�tyabgkfy{*md��p�qrj
�icdqij
l � p*mdl � eWa~g p)gkj
l ��gk{���j
mdj^qkp�grjCmdj�� �r{�tha~gkfh{�md� � � }dj �icdqrj^j
ldfhmd� ��ndqr{��
j^�r�Bfhm �*{�t-�*j
�



Stop

If the stopping criterion is met stop otherwise continue

("Extinct" or delete the worst solutions in the current population)

Apply a "survival of the fittest" rule

(reconstruct the image for each solution and assess how good the image is)

Determine how fit each solution is

(introduce random changes)

Mutate the population

Breed new solutions from the existing population
(swap parts of one solution with another)

Start with a "population" of many arbitary solutions
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Start, arbitary initial soloution to hologram phase distribution

Keep the change if the new cost is less than the previous cost

Calculate a ‘‘cost" for the initial solution
and the image intensity distribution
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Substrate Photoresist
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50 microns

Interferogram of hologram

50 microns

White light fringes
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Model

Choosing Function

Starting Function

Stopping Function

Cost Function

Start with arbitrary phase

Calculate initial solution and cost

Select a trial

If cost is improved keep solution otherwise reject

If stopping criteria is met stop otherwise continue

Stop

Calculate new solution and cost
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Detail

Simulated reconstruction

Detail

Optical reconstruction
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Plots of image sample points for alpha, box and circle

f�acd>U-.0,+9 $ A � e�a�Gsd>.�G<] V0+[W�*�acI-dNZ�+-,HV0+tGs^�,/V
U-V�,DJ´Z0W�d<,DI-,/.�GsZ0,DJ´Z0+-,Hab]�G<d>,gV�Gs]�^-`c,gJtGsZ�G $h�+-,�Gs`b^-+tG_V0+tGs^�,2abV�GsI ,l¹[G<]_^-`b,2W<YoG<I G<.0v-a�Z�.0G<.���T/U-.�r<,DJ `bacI-,H*�a�Z�+ `cab]_acZ0,DJ�V��O]_]�,lZ�.�� $h�+-,�v�W ¹�G<I-J�TDac.0TD`c,gV0+tGs^�,/VPGs.0,�,l¹[G<]_^-`b,/V�W<Y�V0+tG<^�,DV�*�+-,/.0,�V0ac]�^-`c,gG<ItGs`c�qZ�acT�G<`�]�,lZ�+-WOJ-VTDW<U-`bJ�v�,HU[V0,DJ�Z�WNJ-,/V0acd>I�Z0+-,�+-W>`cW>d>.�Gs]�^-+-G<V0,HJ-abV�Z�.�abv-U[Z0abW>I $
ftW>.�Z�+-acVP,º¹[^�,D.�ab]_,DI)Z@Z�+-,2+-W>`bW<d>.�G<]_VX*�,D.0,2J-,DV�abd>I[,DJ U-V�abI-d�G�J[�OItGs]�acTl¶·Z�G<.0d<,/Z�¶·vtG<V�,DJTDW<V�Z�YkU[I-T/Z0abW>I *�acZ0+iv-abI-G<.�� ^-+-G<V0,�G<I-J�A ;<» +�A�;<»
	�A ¼�� ] V0pqUtG<.�, ^-a�¹%,/`bV $ ® ^tG<.�ZHYk.0W<]Z�+[,HJ[ac��,D.0,/I)Z�IOU[]wv�,/.�W<Y�V0G<]_^-`b,/V�Z0+-,�J-,DV�abd>I�^tGs.�G<]_,/Z0,D.0V�*�,D.�,2acJ-,DI)Z�acT�G<`�abI�G<`c` T�G<V�,DV $h�+-,gJ-,/V0abd<I-V\*�+-,/.0,g]�G<J-,
U[V0abI[d�ab]�G<d>,@V�G<]_^-`bacI-dHJ-abV�ZEG<I-T/,DV�W<Y # 	�A ¼
	�A # 	-;<¼
	t; # 	 � ¼
	

�)# 	 # ¼�G<I-J A ¼>¼!� ] $ h�+-,�V0G<]�^[`babI[d .�GsZ0,�abV�J[,/²tI-,/J GsV�Z�+-,�.�,DTDac^-.0WOT�Gs`�W<YoZ�+-,�V0G<]_^-`bacI-dJ-acV�ZEGsI-TD, $ftW>.@Z0+-,DV�,�,l¹[G<]_^-`b,/V
Z�+[,2*�abJ%Z�+©W<Y�Z0+-,w^-V�Yo*XG<V�G<^-^-.�W ¹%ac]�GsZ0,D`�� # ¼�� ] G<I-J Z0+-,w,/V�Z�a ¶]�GsZ�,/J�T/.0a�Z�abTDG<` V0G<]�^[`babI[d�J-abV�ZEG<I-T/,HG<^-^-.�W ¹%ac]�GsZ0,D`���; # ��] $ h�+-,H,DV�Z�ab]�GsZ0,DJ�TD.�acZ�acT�G<`�V�G<]�¶^-`cabI-dN.�G�Z�,HabV�Z�+-,/.0,/YkW<.0, � ¼>¼>¼>¼NV�Gs]�^-`c,DV��s]�,lZ�.�,2GsI-J abV�]�G<.0¿s,DJKG<V�G�r>,/.�Z�acT�G<`�`bacI-,gW>I�Z�+-,YkW>`c`bW *�abI-d2d>.�Gs^-+-Vf�abd<U-.0,�9 $ ;2V0+-W *�V\Z0+-,�]_,�G<I_YkW>.0,/d>.0W<U-I-J acIqZ0,DI-V�acZ³�NYkW>.jZ�+-,@Z�+-.�,D,�V�+tG<^�,DV�G<VjZ�+-,
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f�acd>U-.0,.9 $ A 4 � 7 ,DG<I�YkW>.0,/d>.0W<U-I-J�abI)Z0,DI-V�acZ³� WsY�GsI-J�I-W>acV0,�J-U[.0abI[dwZ³*\WNW>^[Z0ab]_abV0GsZ�acW>I-V $ h�+-,.0,/J .0,/V0U-`�ZXV�ZEG<.�Z�V�*�a�Z�+�Gs`b`-Z�+[,�+-W>`cW>d>.�Gs] ^-a�¹%,/`bV\acI�Z0+-,
W<��V�ZEGsZ0,�	%Z0+-,�d>.�,D,/I .0,/V0U-`�ZX+tG<VjZ�WT�Gs`bTDU[`�GsZ0,
Z�+-,�acI-acZ0a�G<`c`c��.0G<I-J-W>] V0W>`cU[Z�acW>I ²t.0V�Z $
f�abd<U-.0,+9 $ A 4 V0+-W *	Z0+-,�J-,/r<,D`bW<^-]�,/I)Z
W<Y�Z�+-,HabI)Z0,DI-V�acZ³��G<I-J�Z�+[,2I-W<abV0,�J-U[.0abI[d�W>^%Z�ab]_a�¶V�G�Z�abW<I�YkW>.PG�j�JtG<.�¿�V�ZEG<.�Z k�G<I-J G_j�`bacd>+)Z�V�Z�G<.�Z8k�W>^[Z0ab]_abV0GsZ�acW>I $ h�+-,2Z0ab]_,l¶ G�¹[acV�G<`bW<I-d�Z�+-,v�W<Z0Z0W>] W<Y±²td>U[.0, 9 $ A 4 V0+-W *�VXZ�+[,�IqU-]wv�,D.\WsY±Z�+-,�W<^[Z�ac]�acV�GsZ0abW>I�Tl�%T/`b,/V $ ftW>.jZ0+-,�^-U[.0^�W>V0,W<Y�Z�+-acVHd<.�G<^-+ Z�+[,_Z0U-.0I-acI-d�j�W>Iak�W<Y\,�G<TE+µ^-a�¹%,D`oacI Z0+-,_`babd<+qZ�V�ZEG<.�ZHW>^[Z�ac]�acV�GsZ0abW>I " d>.�,D,DI`bacI-, ( abVgT/W>I-V0acJ-,D.�,DJµG<V�G<I W>^[Z0ab]_abV0GsZ�acW>I´Tl�OTD`b, $ h�+-,Nv-`bU[,w]�Gs.0¿<,/.gabI©²td>U[.0, 9 $ A 4 V0+[W�*�VG�Z�ab]_,gTDW<.0.0,/V0^�W>I-J-acI-d�Z0W´A ;<» + A ;<»_W<^[Z�ac]�acV�GsZ0abW>I Tl�OTD`b,/V���a $ , $ Z0+-,HIOU[]wv�,/.P.�,DpqU-ac.0,DJ�Z�WZ�U[.0I Gs`b`�Z0+-,�+-W<`bW>d>.0G<] ^[a�¹%,D`cV j�W>Iak $ h�+[,�j�`cabd>+)Z kNV�ZEG<.�ZPJ[,DV0acd>IK`bG<d>V�v�,D+-acI-J´Z0+-,�j�JtG<.0¿ kV�Z�G<.�Z2J-,/V0abd<I v)�µG<^-^-.�W ¹%ac]�GsZ0,D`���A�;<» +5A�;<»´W<^[Z�ac]�acV�GsZ0abW>I Tl�OTD`b,/V $ h�+-abVHabVHG<v�W>U[Zw;<¼ �W<Y�Z0+-,�.�,DpqU-ab.�,DJ©W>^%Z�ab]_abV0GsZ�acW>I�Z�ac]�, $ h�+-,wI[W>abV�,�W<Y�Z0+-,w.0,/V0U-`�Z�acI-d�j�JtGs.0¿ k V�Z�G<.�Z
V0W>`cU[Z�acW>IabVg`cW *\,/.�Z0+tG<I Z�+tG�Z2WsY�Z0+-,�j�`bacd>+)Z k�V�Z�G<.�ZHV�W>`bU[Z0abW>I $ h�+-abV�^-.�W>vtG<v-`��©WOTDTDU[.0V�v�,/T�G<U[V0,NZ�+-,

j�JtGs.0¿ k�V�Z�G<.�ZgW<^[Z�ac]�acV�GsZ0abW>I�TDW>I)Z0.0W>`cV
Z�+-,�I[W>abV�,�Yk.0W>] G<I©,DG<.0`cab,D.PV�Z�G<d>,wZ�+-G<I Z�+-, j�`babd<+qZ8kV�Z�G<.�Z�W<^[Z�ac]�acV�GsZ0abW>I $
NPORQSQUT1QJV:W�X@Y W ORQ�Z]h�ZHW Z ^3f1cdW'^mW QSXbY[W'OiQ �iQJc Z `@h
� Z_abV�^�W>V0V�abv-`c, Z�W TE+tG<I-d<,�T/,D.�ZEG<acI5V�ZEG<.�Z�abI[d T/W>I-J-a�Z�acW>I-V�G<I[J5^tGs.�G<]_,/Z0,D.0V�Z0Wµd>,/I-,D.0GsZ�,�GIqU-]wv�,D.�W<Y�J-a���,/.0,/IqZ�V�W>`bU%Z�abW<I-V\Z�WwZ0+-,gV�Gs]�,gJ-,/V0acd>I�^-.0W<v-`b,/] $ h�+[,DV0,HTDW<I-J-acZ0abW>I[V�G<.0,PZ�+-,abI[acZ�abG<`�TDW>I-J[acZ�acW>I-V�W<Y�Z�+-,HV0W<`bU[Z0abW>I�W>.�W>^%Z�ab]_abV0GsZ�acW>I�G<`cd>W>.�acZ�+[] G<V�W>^[^�W>V�,DJ�Z�W_W>^[Z�ac]�acV�G�¶Z�acW>I_V0^�,DTDa�²tT�G�Z�abW<I-VoV0U-TE+�G<VoZ�+[,
V�Gs]�^-`cabI-dgW<.jZ0+-,
Gs`bd>W>.�acZ0+-] T/W>I-J-a�Z�abW<I-VoV0U-TE+�G<VoZ�+[,PT/W>V�Z^tG<.0G<]_,/Z�,/.0V�G<I[J´^-a ¹%,D`±TE+-W>acTD,�V�Z0.�GsZ0,Dd<� $


 ^�,DTDa�²tT�Gs`b`c� Z�+-,/V0, acI-TD`cU-J-,�Z�+-, ^[a�¹%,D`@GsZ�*�+-abTE+�Z0+-,´²-.0V�Z�TE+-W>acTD,KacV�]�G<J-,KG<I-J¦Z�+-,^tG<.�Z�acTDU-`bG<.�V�,DpqU-,DI[TD,KWsY
^-a ¹%,D`X^-+-G<V0,�TE+tG<I[d>,DV_abI)r>,/V�Z0abd)GsZ0,DJ $ f¸W<.wW>^[Z0ab]_abV�G�Z�abW<I-V2*�+-,/.0,Z�+[,�U-I-J-,/.0`c�OacI-d�^-a�¹%,D`[^-+tG<V�,@TE+-G<I-d>,@V0,/pOU[,DI-T/,
abV�TE+-W>V0,/I�U-V�abI-d�^-V�,DU-J[Ws¶³.0G<I-J-W>] IOU[]wv�,/.0VZ�+[,XV0,/pOU[,DI-T/,PTDG<INv�,�Gs`cZ�,/.0,/J�vq��j�V0,/,DJ-acI-dok�Z0+-,�^-V0,/U-J-Ws¶·.�G<I[J-W>] IOU[]wv�,/.�d>,DI[,D.�G�Z�W>.�*�a�Z�+J-a���,/.0,DI)Z�IqU-]wv�,D.�V>'a�� T�J!EGFLb JIQBb
]�H�U8C�f\H�JBH>UYT�KSH>E�F\J OXF\b#^&QGKSH>UYC�V FLP_PNF�
/T CSH 	RQBH>J&OXH 
M?BA_O8?��SPNFIF��IC	�cU8T�J&EGF\b�
BKS?&H
^&TLU
�



ftW>.�r>,/.���V�ab]_^-`b,�ac]�Gsd>,�abI)Z0,DI-V�acZ³��J[abV�Z0.0acv-U[Z�acW>I-V�Z0+-,D.�,oabV±`bac¿<,/`c�@Z�W�v�,jG�.0,/`�GsZ0acr<,D`c�PV0]�G<`c`IqU-]wv�,D.2W<Y�,l¹%T/,D^[Z0abW>ItGs`b`c� d>W%WOJ V�W>`bU%Z�abW<I-V � $ � a�Z�+ ]_W>.�,�T/W>]�^[`babTDGsZ�,/Jµac]�Gsd>,NabI)Z�,/I-V0a�Z³�J-acV�Z�.�abv-U%Z�abW<I-VjZ0+-,�TE+tGsI-TD,/V@WsY¯V0U-TE+�V0W<`bU[Z0abW>I-V�,l¹%abV�Z�acI-d�G<.�,�.0,/J-U-TD,/J $ � acZ0+ V0ac]�^-`c,
ac]�G<d<,J-acV�Z�.�abv-U%Z�abW<I-V�*�acZ0+�,l¹%T/,D^[Z0abW>ItGs`b`c�wd>W%WOJ_V0W>`cU[Z�acW>I-V 	>Z0+-,
.�,DV�U-`cZ�W<Y .�,D^�,�GsZ0,DJ W<^[Z�ac]�acV�GsZ0abW>I-VV�Z�G<.�Z0abI-d�*�acZ0+2Z0+-,�V0G<]_,�J-,/V0acd>IwG<I[J�G<`bd<W>.0a�Z�+-]uTDW>I-J[acZ�acW>I-V¯abV¯Z�+[,�V0G<]�,oYkW>.�]	W<YtV0W<`bU[Z0abW>I � $� W *�,/r<,D.�*�acZ0+ ]�W<.0,
T/W>]_^-`bacT�GsZ0,DJ�ac]�Gsd>,PacI)Z�,DI[V0acZ³��J-acV�Z�.�abv-U%Z�abW<I-V�r<,D.���J-ac��,D.�,DI)Z�`cW%W>¿qacI-dV0W<`bU[Z0abW>I-Vj]�G ��v�,�.0,lZ�U-.�I-,DJ�v-U[ZXacZXacV\YkW>U-I[J�Z�+tG�ZXZ�+-,
^�,/.�YkW>.�]�G<I[TD,�W<Y±Z0+-,DV�,gV0W>`cU[Z�acW>I-V�abVr>,/.���V�ab]_ab`�Gs. $
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f�acd>U-.0,
9 $ A�» � ��,/.�YkW>.�]�GsI-TD,�W<Y�+-W>`cW>d>.�Gs]�V�W>^[Z�ac]�acV0,/J�U-V0acI-dwZ�+-,�J-ac.0,/T/Z�¶·V0,DG<.0TE+´G<`bd<W>.0a�Z�+-]W>^[Z0ab]_abV�,DJ�U-V�abI-dNJ-a���,/.0,DI)Z@V�Z�G<.�Z0abI-d�T/W>I-J-a�Z�acW>I-V $
h�+-,jTE+tG<.�Z�acIH²td<U-.0,�9 $ A »�V0+-W *�V¯Z�+-,jabI)Z�,/I-V0a�Z³��G<I-JHI-W>acV0,�YkW>.±Z�,/I2+[W>`bW>d<.�G<]_V W>^[Z0ab]_abV�,DJZ�W_^-.�W%J-U[TD,2Z0+-,2G<`b^-+-G_ac]�G<d<,HJ[,DV0acd>I $ �oG<TE+KW>^[Z�ac]�acV�GsZ0abW>I *\G<VPV�ZEGs.�Z�,/J´*�a�Z�+ G_J-ac��,D.�,DI)Z

j�V�,D,DJmkHYkW>.�Z0+-,�.�G<I[J-W>] IqU-]wv�,D.od>,/I-,D.0GsZ�W<. $ h�+[,PW>.�J-,D.�acI�*�+-abTE+NZ�+-,�^-a ¹%,D`bV�*�,D.�,PTE+[W>V0,/I*\G<V�Z0+-,D.�,/YkW>.�,
TE+tG<I[d>,DJ v�,/Z³*�,D,/I�,�G<TE+�.0U-I $ ® V�Z0+-,
Gs`b^-+tG�ab]�G<d>,�J-,/V0acd>I�acV�I-WsZxj�V�ab]_^-`b,dkZ�+[,D.0,@G<.�,�I-W j�,l¹%TD,/^[Z�acW>ItG<` k�V0W>`cU[Z�acW>I-V�YkW>.�Z0+-,�^-.0W>v[`b,D] G<I-J_,�G<TE+�W>^[Z0ab]_abV�G�Z�abW<I�.0,lZ�U-.�I-,DJG�J-ac��,D.�,DI)Z@J-,DV�abd>I $h�+-,�^�,/.�YkW>.�]�GsI-TD, WsY@Z0+-,�J-,/V0abd<I-VNabVwV�ab]_ab`�Gs. 	�Z0+-,�,/¾_T/ab,DI[T/� 	j]_,�G<IiYkW>.�,Dd>.�W>U-I-J acI%¶Z�,/I-V0a�Z³� G<I-Jµ]�,DG<I©YkW>.0,/d>.0W<U-I-J abI)Z�,/I-V0a�Z³� I-W>abV�,�r<Gs.��©v)� G<^-^[.0W�¹%ab]�GsZ�,/`c���H;6� W r<,D.�Z�+-,J-a���,/.0,DI)Z�J-,/V0acd>I-V $ h�+-,NTE+tG<.�Z�V0+-W *�I abI ²td>U[.0, 9 $ A & V0+[W�*�V�Z�+[, ��� � Z0ab]_,�.0,/pqU-ab.�,DJ©Z�W^�,D.�YkW<.0] J-ac.0,/T/Z�¶·V0,DG<.0TE+�W>^[Z�ac]�acV�GsZ0abW>I[V�YkW>.�Z�+[,PV0G<]�,�J-,/V0acd>I�U[V0abI[d2J-a���,/.0,/IqZ�V�Z�G<.�Z0abI-d�T/W>I%¶J-a�Z�abW<I-V $ h�+[,�r<Gs.0a�G�Z�abW<I�abI Z0+-,g.0,/pqU-ab.�,DJ ��� �	Z0ab]_,
acV�G<^-^-.�W�¹[ac]�G�Z�,D`���;s¼���WsY�Z0+-,g]_,�G<I
��� � Z�ac]�,w.�,DpqU-ac.0,DJ $ h�+-,���� � Z�ac]�,w.�,DpqU-ac.0,DJ©YkW>.PZ�+-,/V0,NJ-,DV�abd>I[VgabV�I-WsZ�TDW>.�.0,D`bGsZ�,/J Z�WZ�+[,HJ[,DV0acd>I�^�,/.�YkW>.�]�G<I[TD, $�� Y�Z0+-,�abI-a�Z�abG<`�V�W>`bU[Z0abW>I�acV�^tG<.�Z0abT/U-`�G<.�`c��vtG<J�acZ�J-WO,DV@I-W<Z�YkW>`c`bW *Z�+-GsZ�Z�+-,�²tItG<`¯V�W>`bU[Z0abW>I�*�ac`b` v�,2v-G<J $ � ZPJ-WO,DV@+-W *\,lr>,D.
]�,DG<I�Z0+tGsZ@Z�+-,2G<]_W>U-I)Z@W<Y ��� �Z�ac]�,PZEG<¿s,DI�YkW>.XZ�+-,HG<`cd>W>.�acZ�+[] Z0W_T/W>]_^-`b,lZ�,g]�G ��v�,�`cW>I-d>,/. $f�abd<U-.0, 9 $ ;<¼�V0+-W *�V\Z0+-,@Z0,DI J[,DV0acd>I-V�G<I-J�V0ab]�U-`�GsZ0abW>I[V�U-V0,/J abINZ�+-acV�V�,DTlZ�abW<I $ � Z�T�G<I v�,V0,/,DI�Z�+tG�Z�*�+-ab`cV�ZXZ0+-,gJ-,DV�abd>I[VPGs`b` Gs^-^�,DG<.�J-a���,/.0,DI)Z�Z0W_,DG<TE+�W<Z�+-,/.XZ�+-,gV�ab]wU[`�GsZ0,DJ�ab]�G<d>,/VKSADOXQ&P_TLU�C�H 	\Q&H�J&O�Hif\H�JBH>UYT�KSH[E b T � ]�HoC�H�K�Q&C�A_JBf T �SCSH�H[E �#JRQ&b
]�H�U[`r��eCSQ&T�P_P �(TLCdKY?BH�USH[C�Q&PhK�FLV CSANbc^BP_HoC �IbcbcHXKYUSA_H>C>`
���BF\UoANJ!C K8T�J&O�H AhV@KY?BH*EGH[C�A_UYH>E,ANb TLfLH ADC�� Q&C�K�T CSANJ&fLP_H ^!F\ANJRKoKY?BH�JuKY?BH(UYH>CSQBPNKoF�V�T�J F\^GKSA_bcA_CYT$KYANF\J,ADCT�P 
@T �ICdT
	�F\JBH�^BPDT$KSH\`



0 1 2 3 4 5 6 7 8 9
0

10

20

30

40

50

60

C
P

U
 ti

m
e 

(a
rb

ita
ry

 u
ni

ts
)

f�acd>U-.0, 9 $ A &
� �\+tG<.�ZHV�+-W *�abI-d�Z�+-,���� � Z�ab]_,w.�,DpqU-ab.�,DJ Z�W�^�,/.�YkW>.�] J-ac.0,DTlZ�¶·V0,�Gs.0TE+ W>^[Z�a ¶]_abV�G�Z�abW<I-V\U-V�abI-dNJ-a���,/.0,/IqZ@V�ZEG<.�Z�abI[d_T/W>I-J-a�Z�acW>I-V $
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f�acd>U-.0, 9 $ ;s¼ � h�,DI¦+-W>`bW<d>.�G<]_V�G<I[J¦.�,DT/W>I-V�Z0.0U-TlZ�acW>I-VNJ-,DV�abd>I[,DJ¦U-V0acI-d J-ac��,D.�,DI)Z_V�ZEGs.�Z�acI-dTDW<I-J-acZ0abW>I[V $



G<.�, G<`b`
r<,D.��QV0ab]_ab`bG<. $ h�+-abV�J-,/]�W<I-V�Z0.�GsZ0,DV�Z�+-, J-ac.0,/T/Z�¶·V0,DG<.0TE+u]�,lZ�+-WOJFZ�W v�, .�,D`babG<v-`c,G<I-J�T�Gs^tG<v-`c,HWsY�.0,lZ�U-.�I-abI-d_+-acd>+�pOU-G<`ba�Z³��V0W>`cU[Z�acW>I-V�.0,/d)G<.�J-`b,/V0V@W<Y�Z0+-,2acI-acZ0a�G<`�V�Z�GsZ�,HW<Y�Z�+-,G<`cd>W>.0a�Z�+-] $
- ������� 	�

� �M	 � !#" ��� "1

�2� "����j� $��
3���� �
!#"1$/� �

 Z0W>^-^-acI-d�Z�+-,�J-ac.0,DTlZ�¶·V0,�Gs.0TE+�]�,lZ�+-WOJ�abV�I-W<Z@V�Z�.�Gsabd>+)Z�YkW>.�*XG<.�J $ ® V�acZ�acV�G<I�W>^[Z0ab]_abV�G�Z�abW<IG<`cd>W>.0a�Z�+-] Z0+-,D.�,µacV�I[W<Z´G�*�,D`c`�J-,/²tI[,DJxIqU-]�v�,/.´W<Y2acZ0,D.0GsZ�acW>I-V�.0,/pqU-ab.�,DJQZ�W¦.0,�GsTE+}G<IG<T/TD,D^%ZEG<v-`c, V0W<`bU[Z0abW>I $ h�+-,©J[ab.0,/T/Z�¶³V0,DG<.0TE+BG<`cd>W>.�acZ�+[] +tG<V�G<IFU-I[^-.0,/J-abTlZEG<v-`c,©.0U-I:Z0ab]_,Z�+-GsZ�abV�J[,D^�,DI-J-,/I)Z�U[^�W>I ,DG<TE+5^[.0W>v-`c,D] G<I-J�Z�+-,�acI-acZ0a�G<`oV�ZEG<.�Z�abI[d©TDW>I-J[acZ�acW>I-V�YkW<.w,�G<TE+W>^[Z0ab]_abV0GsZ�acW>I " V0,D, 
 ,/T/Z0abW>I 9 $ ; $ A (l$h�+-.0,/,�J-a���,/.0,/IqZPV�Z0W>^-^-acI-d_V�Z�.0GsZ�,/d>ab,/VP+-G r<,�v�,D,/I TDW>I[V0abJ[,D.0,/J©G<`�Z�+-W>U[d>+�W>I-`c��W<I-,H*\G<VabI)r<,DV�Z0abd)G�Z�,DJ�acI�J[,/ZEGsab` $ h�+-,DV�,�G<.�,g²[¹%,DJ%¶�Z�ab]_,�	%²[¹%,DJKd<W)G<`±G<I[J�V�W>`bU%Z�abW<I�V�ZEGsd>ItGsZ0abW>I $
� Z �"Q ��W Z]\_Q
� Z2abV�I-W<ZHYk,�G<V�abv-`c,_Z0W´^[.0WOJ-U-TD,�G�YkW>.�]wU-`bG�Z0WK^-.�,DJ-acT/Z2+-W *�]�GsIq� a�Z�,/.�GsZ0abW>I-V�W>.�TE+tGsI-d>,DV]wU-V�Z v�,KT/W>I-V0acJ-,D.�,DJFv�,/YkW>.�,´Z0,D.0]_abI-GsZ�acI-d©Z�+-,©Gs`bd>W>.�acZ0+-] $ h�+-abV�*�W>U-`cJ:abI)r<W>`cr<,K]�G<I)�G<V�V0U-]_^[Z�acW>I-VHG<v�W>U[ZgZ0+-,�`cab¿s,D`c�K^�,/.�YkW>.�]�GsI-TD,NW<Y�Z�+-,_G<`cd>W>.0a�Z�+-] $ h�+-,�G<`bd<W>.0a�Z�+-] *\W<U-`bJv�,wV0,/I-V0a�Z�acr<,wZ�W�G<I)�K,D.0.�W>.0V
abI Z�+[,w,DV�Z�ab]�GsZ0,�W<YoZ�+[,�IOU[]wv�,/.�W<YjacZ0,D.0GsZ�acW>I-V���Z�WOW `bW *�G<I-JZ�+[,P.�,DV0U[`cZEGsIqZj+-W<`bW>d>.0G<]�*�W>U-`cJ�I-WsZ�^�,D.�YkW>.0] *�,D`c` 	>Z0W%WH+-abd<+�G<I[J�T/W>]�^[U[Z�acI-dHZ0ab]_,X*\W<U-`bJv�,�*XG<V�Z�,/J $
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f�acd>U-.0, 9 $ ;<» � � I)Z�,/I-V0a�Z³�QG<I-J:I[W>abV�, J-U-.�abI-diW<^[Z�ac]�acV�GsZ0abW>I�YkW>.�J-ac��,D.�,DI)Z�^-a ¹[,/`
V�,D`b,/T/Z0abW>I^-.�W%T/,DJ-U-.�,DV " I-W<Z0, � Z�+[,�JtGsZ�G´YkW>.�Z�+-,/V0, d<.�G<^-+[V2*\G<V�ZEGs¿<,DIµYk.0W>] Z�+[,�J-,/V0abd<I�G<`bd<W>.0a�Z�+-]G<I-J�G<^[^-`bac,DVXZ�W�Z0+-,�ab]�G<d>,�V0G<]�^[`b,g^�W>abI)Z�V�W<I-`c� (l$
J-WO,DVgI-WsZgabI-a�Z�abG<`b`���G<^-^�,�Gs.�Z�W�ab]_^�,DJ-,HZ�+-,�^-.�W>d>.�,DV0V�W<YoZ0+-,�G<`cd>W>.0a�Z�+-] ��+[W�*�,/r<,D.�	�G<VPZ�+-,W>^[Z0ab]_abV0GsZ�acW>I�d>,lZ�V�^tG<V�Z�Z�+-,�,�Gs.0`c��V�Z�G<d>,DV�Z0+-,�I-W>abV�,�abI-T/.0,�GsV0,DV �S: $
� � �5Z]hi`bQ Y X@fgf X ��Z]hi` ��� ��c Z]hR` e � Z X�� 	uhiX � f Q �i`bQ W'X V5OiX X cdQ ��O�Z]V5O�OiX@f Xb` � ^3\ e�Z �"QJf
W'X_V OR^3hR`@Q��
� Y�+-W>`cW>d>.�Gs]�V�^-a�¹%,D`cV�Z�+-GsZoG<.�,�U-I-`bac¿<,/`c�HZ�WgTE+tG<I[d>,�acY¸Z�,/V�Z0,DJ_T�G<INv�,XabJ-,/I)Z�ac²-,DJNpqU-abTE¿q`c�wG<I-J,�GsV0ab`���Z�+-,/IKZ�+[,�J-ac.0,DTlZ�¶·V0,�Gs.0TE+ G<`cd>W>.0a�Z�+-] T�G<I v�,�V�^�,/,DJ-,/J©U-^©v)��.0,DJ[U-TDacI-d�Z�+[,�IqU-]wv�,D.W<Y Z0.0abG<`bVj.0,/V0U-`�Z�abI[d�abI�I-W�TE+tG<I[d>, $ ® ^�W>V�V0acv-`b,PTDW>I-V�,DpqU-,/I-TD,�W<Y�G�r>W<abJ-acI-d2Z0+-,DV�,�Z�.0abG<`bVo]�G��v�,�Z0+tGsZjV0W<]�,@ab]_^�W<.�ZEGsIqZ�TE+tG<I-d>,/VXG<.�,�v-`bWOTE¿<,/J�	 j�`bWOTE¿OacI-dokgZ�+[,
G<`cd>W>.�acZ�+[]�acIqZ0W�.0,/Z0U-.0I[abI-dG�^�WOW>.�V�W>`bU[Z0abW>I $® ]�,lZ�+-WOJ W<Yj^-.�,DJ-acT/Z0abI-d *�+-acTE+ ^-a�¹%,D`cVgG<.�,�U-I-`bac¿<,/`c��Z�W�TE+tG<I[d>,NG<I-J G�r>W>acJ-abI[d�Z�+-,/]*�+-acTE+ J[W%,/VHI[W<ZHGs��,DT/Z�Z0+-,�²tItG<`�ac]�Gsd>,wpqUtG<`cacZ³�´+tG<V�v�,/,DI J-,/r<,D`cW>^�,/J $ � Z�.0,/`bab,/VgW>I©Z³*\WG<V�V0U-]_^[Z�acW>I-V � Z�+tG�Z\Z�+[,
+-W>`cW>d>.0G<] ^-+tG<V�,�J-acV�Z�.�abv-U%Z�abW<I_*�ac`b`¸TDW>I)Z�G<abI�j Yk.0abI[d>,Lk�Z³�O^�,�V�Z�.�U-Tl¶Z�U[.0,DVNGsI-JiZ�+tG�ZwZ�+-,�V�W>`bU%Z�abW<I Z�W Z0+-, +-W>`cW>d>.0G<] ^-+tG<V�,�J[abV�Z0.0acv-U[Z�acW>Iµ*�ac`b`j,/r<W>`cr<,�V0`bW *�`��" Z0+qU-V�Z�+-,�]�G ��W>.0a�Z³��WsY�Z�+[,HTE+-G<I-d>,/V@*�ac`b`�Z�G<¿<,�^-`bG<TD,gW<I�Yk.�abI-d>,gv�W>U-I[JtG<.0ac,DV (l$

� Z¯abV±^�W>V0V�abv-`c,�Z�W�Z0,DV�Z¯*�+-,lZ�+-,/.�W<.±I-W<Z±Z�+[,�Yk.0abI[d>,�YkW>`b`cW *�abI-d�V�Z�.0GsZ�,/d<��Gs��,DTlZ�V±Z�+[,jpqUtGs`bacZ³�W<Y�Z�+-,_²tItG<`jV0W>`cU[Z�acW>I vq� .�,DV�Z0.0acT/Z�acI-d�acZ�VHU-V�,�Z�W´J-ac��,D.�,DI)Zw^�,D.�abWOJ-VHW<Y\Z0+-,�W>^%Z�ab]_abV0GsZ�acW>I $
� I-TD,�Z�+-,�W>^[Z�ac]�acV�GsZ0abW>I�acV�U-I-J[,D.�*\G���G<I-J2Yk.0abI[d>,\V�Z�.0U[T/Z�U[.0,DV�v�,Dd<abI�Z0W�J-,/r<,D`cW>^�acZ�abV�YkW>U-I-JZ�+-GsZ�]�W<V�Z�W<YjZ�+-,�TE+-G<I-d>,/V�G<T/TD,/^[Z�,/JiG<.�,�W>I G�^-+-G<V0,Nv�W>U-I-JtGs.�� " a $ , $ GsZgZ0+-,N,DJ-d<,_WsYXGYk.0acI-d>,NV�Z0.0U-TlZ�U-.�, (º$ ® Z�Z0+-,�v�,Dd>acI-I-acI-d´WsYXZ�+-,�W>^[Z�ac]�acV�GsZ0abW>I Z0+-,�^�W>V�acZ�acW>I W<Y�G<I)� Yk.0abI[d>,V�Z0.0U-TlZ�U-.�,DVN]_W�r<,�.�G<^-acJ-`c� G<I-J a�Z�abVw]_W>.�,�J-ac¾_TDU[`cZwZ0W Z�,D`c`XacY�Z0+-,�]�G ��W>.0a�Z³� W<Y@TE+tGsI-d>,DVWOTDTDU[.�W>IKGwYk.�abI-d>,gv�W>U-I[JtG<.�� $S � Z0U-.0I[abI-d j�W>Imk Z�+-,�^-a ¹[,/`X^-.�,DV0,/`b,/T/Z�acW>I¦GsZNJ-a���,/.0,DI)ZNV�ZEG<d>,/VNW<Y@W>^[Z�ac]�acV�GsZ0abW>I G<I-JW>v-V�,D.�r%acI-d�Z�+-,jpqUtG<`ba�Z³�gW<YOZ�+-,o²tItGs`OV�W>`bU%Z�abW<I-V±acZ¯+tGsV�v�,D,/I�^�W>V0V�abv-`c,oZ0WPJ[.�G�*iZ�+[,jT/W>I-T/`bU-V�abW>IZ�+-GsZ@^-a�¹%,D`¯^-.�,DV�,D`b,/T/Z0abW>I´+tG<VPG�I-,/d>`bacd>abv-`c,�,/��,DTlZ
U[^�W>I�Z�+-,�²tItGs`�pqUtG<`cacZ³��WsY�Z�+[,2V�W>`bU[Z0abW>I $
� ��� UYFL]&TL]BP � EGQBH FLV9KY?BH �SC �LH 
MANJ&f��*F�VdKS?BH(CSFLP_QGKYANF\J,]�H>O>T�Q&CSH F�VdKS?&H 
dT � KS?BH ?BF\PNF\fLU8T�b TL^!H>U�KYQBUYH#ADCbcA_C
� USH>^BUSH[C�H>JRKSH>E*T$K@KS?&H�H>T�UYP �(C K8T�f\H>CdF�V FL^GKYANbcADCST�KSA_FLJ�`
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� Z\acV�T/`b,DG<.jYk.�W>] ²td>U[.0,
9 $ ; & Z�+tG�Z\^-.�,DV�,D`b,/T/Z0abI-d�Z0+-,
^[a�¹%,D`cV�W>I_Z�+-,PvtG<V�abVjW<Y *�+-,lZ�+-,/.XW>.I-W<ZoZ0+-,�^-a�¹%,D`tacVoW>I�G�^-+tGsV0,@v�W>U[I-JtG<.��NJ-W%,/VoI-W<Z�Gs��,DT/ZjZ�+[,@pqUtGs`bacZ³�wW<Y�Z0+-,�²tItG<`tV�W>`bU[Z0abW>I $f�abd<U-.0, 9 $�� ¼�V0+[W�*�V�Z�+-, ��� �iZ�ab]_,�.0,/pqU-ab.�,DJ2YkW<.±J-ac��,D.�,DI)Z¯Yk.0abI[d>,�YkW>`b`cW�*�acI-dX`c,/r>,/`bV¯U-V�abI-dZ�+[.0,D,�J-a���,/.0,/IqZj`c,/r>,/`bVoW<Y�+-W>`cW>d>.�Gs]�.�,DV0W<`bU[Z0abW>I $ h�+-,DV�,PV�+-W *:Z�+-GsZ�G<V�Z�+-,�Yk.0acI-d>,XYkW>`c`bW *�abI[d`b,lr>,/`XabV2abI-T/.0,�GsV0,DJ " V0W `b,/V0Vw^-.�,DV�,D`b,/T/Z0abW>I abV2J-W>I-, ( Z�+-,�Gs]�W>U[IqZ�W<Y ��� � Z�ab]_,�.�,DpqU-ac.0,DJabI[TD.0,DG<V0,/V $ � ZHG<`bV�W V0+-W *�VgZ�+-GsZgZ�+-,�V0G�r%acI-d�abI ��� � Z�ac]�,2abV�]_W>.�,wV0acd>I-ac²-T�G<I)Z�*�+-,/I©Z�+-,+-W>`cW>d>.0G<] acVPV0G<]�^[`b,DJ�U-V�abI-d�G�d>.�,�GsZ0,D.@IqU-]wv�,D.@W<Y�^-a ¹[,/`bV $ f�abd<U-.0, 9 $�� AHV0+-W *�V
Z0+-, ��� �Z�ac]�,/V¯V0+-W *�I�abIH²td>U-.�,�9 $�� ¼@V0T�Gs`b,DJ�vq��Z0+-,�Z0W<ZEG<`qIqU-]wv�,D.�W<Yt+-W<`bW>d>.0G<]}^-a ¹%,D`bV�U-V�,DJ�abI2,�G<TE+J-,/V0abd<I $ � Z�V�+-W *�V2Z0+tGsZHZ�+-,�.0,DpqU-ac.0,/J ��� � Z0ab]_,_^�,D.H+-W>`cW>d>.0G<] ^-a ¹[,/`oabI-T/.0,�GsV0,DV�G<V�Z�+-,Yk.0acI-d>,�YkW>`c`bW *�abI[dw`b,lr>,D`¯acI-TD.�,�G<V�,DV�GsI-J�Z0+tGsZ�Z�+[,2V0G rOacI-d�acI ��� �	Z�ac]�,gacV�]�W>.�,�V0abd<I-ac²tTDG<I)Z*�+-,/I�Z0+-,�+-W>`bW<d>.�G<] abV�V0G<]�^[`b,DJ�U[V0abI[d�G�d>.�,�GsZ0,D.�IqU-]wv�,D.�W<Y�^-a�¹%,D`cV $h�+-,�j�V0^�,D,DJKU-^ak W>v%ZEG<acI-,DJ�*�ab`c`±J-,D^�,DI-J©W<I´Z�+[,�^-.�W>v-`b,/] $ ® IK,/V�Z0ab]�GsZ�,HW<Y�Z0+-,HZ0ab]_,V�G�r<,DJKTDG<I�v�,g]�G<J-,gv)��GsV0V0U[]�acI-dwZ�+tG�Z@G<`b`�^-a�¹%,D`cV�,D]wv�,DJ[J-,DJ�abI�Yk.0acI-d>,/V\*�ab`c`�I-W<Z�TE+-G<I-d>,G<I-J�Z0+tGsZPG�r>W>acJ-abI-d�,º¹[G<]�acI-abI[dwZ�+-,/] ZEG<¿s,DV@I-WNZ�ab]_, $
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S ��G<V0V�U-]�acI-diGµV0ab]_^-`c,�]_WOJ-,D`�*�+-,D.�,Dv)��Z0+-,KV�W>`bU%Z�abW<I�+tG<V_Z³*\W�V�ZEG<d<,DV 	�V�ZEG<d>,KW>I-,*�+-,/.0,j`bacZ�Z�`c,�W>.¯I-W�Yk.0abI[d>,�V�Z0.0U-TlZ�U-.�,\abV±J[,/r>,/`bW>^�,DJ�G<I-J2V�ZEGsd>,�Z³*\W@*�+-,D.�,�Yk.0acI-d>,�V�Z�.0U[T/Z�U[.0,jabVJ-,lr>,D`cW>^�,DJ�	>a�Z�acV�^�W>V0V�abv-`c,jZ0WP*�.�acZ�,\G<Iw,º¹[^[.0,DV�V0acW>IwYkW>.�Z0+-,�Z0ab]_,jZ�G<¿<,/I�v)�HZ0+-,�G<`cd>W>.�acZ�+[]	G<VG2YkU-I[T/Z�acW>I W<Y±Z0+-,�IqU-]wv�,D.\W<Y¯+-W>`cW>d>.�Gs] ^-a�¹%,D`cV $ ftW>.\G<I�G<`cd>W>.0a�Z�+-] *�a�Z�+-W<U[ZX^-.�,DV�,D`b,/T/Z0abI-d^-a ¹[,/`bV�W>I�^-+-G<V0,Hv�W<U-I-JtG<.�ab,/VXZ�+-,gZ�ac]�,PYkW>.XZ�+-,HG<`cd>W>.�acZ�+[] Z0W_T/W>]_^-`b,lZ�,�	��}abV
�����qM � ½ ��� �q?	�ºM � ½ ��� � " 9 $ #>(*�+-,/.0,�M � ½ ��� ��acV�Z0+-,�Z�W<Z�G<`�IOU[]wv�,/.�W<Y¯^-a ¹[,/`bV�	
�NabV\Z0+-,�^-.�W>^�W<.�Z�acW>I�WsY�Z0ab]_,PV�^�,/I)Z�*�acZ�+[W>U[ZYk.0acI-d>,�V�Z�.�U-T/Z0U-.0,/V
G<I[J��PabV\Z0+-,�^-.0W>^�W>.�Z�abW<I�W<Y¯Z�ab]_,�V�^�,/IqZ�*�a�Z�+�Yk.0acI-d>,�V�Z�.0U[T/Z�U[.0,DV $ � a�Z�+Z�+[,H^[.0,DV�,D`c,DT/Z0abW>I 	[Z�+-,gZ0ab]_,��}abV�d<acr>,/I´v)�
���
�qM � ½ ��� �>?	�ºM���� � ��� 
�
 " 9 $ 9 (*�+-,/.0,�M���� � ��� 
 
¸abV±Z0+-,�IqU-]�v�,/.�W<Y[^-a�¹%,/`bV¯W>I�Yk.0abI[d>,ov�W>U[I-JtG<.�ab,DV $ M���� � ��� 
 
���� M � ½ ��� �>v�,DTDG<U-V0,Z�+[,\IqU-]wv�,D.�W<Yt^-a ¹[,/`bV�W>I�Yk.0acI-d>,jv�W<U-I-JtG<.�ab,/V�acV�^-.�W>^�W<.�Z�acW>ItG<`)V0G<]_^-`bacI-d�.�GsZ0,XG<I-J2Z�+-,jZ�W<Z�G<`IqU-]wv�,D.�W<Yt^-a ¹%,D`bV�abV¯^-.�W>^�W>.�Z0abW>ItGs`>Z�W�Z�+-,�V0pqUtG<.�,\W<Y-Z0+-,jV�G<]_^-`bacI-d�.�GsZ0, $ h�+-abV�ab]_^-`bac,DV Z0+tGsZYkW>.�G�d>a�r>,DI�V0,/ZXW<Y±J-,/V0abd<I ^tG<.0G<]�,lZ�,/.0V�Z0+-,PZ0ab]_,PV0G�r%acI-d�*�ac`b`¸abI-T/.0,DG<V0,@*�acZ�+�Z�+-,P+-W>`bW<d>.�G<]V�Gs]�^-`cabI-d©.0GsZ�,�	\U-I)Z0ab`�Z�+-,�W>^[Z0ab]_abV0GsZ�acW>I Z�ac]�,�acVNJ-W>]_abItGsZ0,DJ v)� Z�+-,�²t.0V�Z�V�ZEG<d<,�*�+-,/.0,Z�+[,D.0,PabVo`ba�Z0Z0`b,XYk.0acI-d>,�V�Z0.0U-TlZ�U-.�, $ h�+-acV�V�ab]_^-`b,�.0,/`�GsZ0abW>I[V0+-ac^_v[.0,�Gs¿OV\J-W *�I�*�acZ0+�abI[TD.0,DG<V0acI-dIqU-]wv�,D.�V�W<Y�^-+-G<V0,�`c,/r>,/`bV " G<V@Z�+-,wIqU-]�v�,/.
W<Yo^-+-G<V0,w`c,/r<,D`bV
U-V0,/J©abI-T/.0,�GsV0,DV�	�Z�+[,�IqU-]wv�,D.W<Y�Yk.0abI[d>,�,DJ-d>,/V
acI-TD.�,�G<V�,2U-I)Z0ab`±Z�+-,HIqU-]wv�,D.@W<Y�^[a�¹%,D`cVPW>IKGNYk.�abI-d<,Hv�W>U-I[JtG<.���acVP,/pqUtG<`±Z�WZ�+[,HIqU-]�v�,/.@WsY�^-a ¹%,D`bV�acI�Z�+-,�+-W>`cW>d>.0G<] (º$

� Z�abV2abI)Z�,/.0,/V�Z�acI-dKZ0W©TDW>]_^tG<.�,�Z�+[, +-W>`cW>d>.�Gs] V�G<]_^-`bacI-dK,º¹%^�,/.0ab]_,DI)Z " 
 ,DTlZ�acW>I 9 $ A $ A 	^tG<d<,.9); ( *�acZ0+ G<I[J�*�acZ0+-W>U[Z�^-a�¹%,/`�^-.�,DV�,D`b,/T/Z0abW>I $ h�+[,�,l¹%^�,D.0ac]�,/I)ZX^�,D.�YkW<.0]_,DJ�acI 
 ,/T/Z0abW>I9 $ A $ A�*\G<V�.�,D^�,�GsZ0,DJ5U-V0acI-d ^-a ¹%,D`�^-.0,/V0,/`b,DTlZ�acW>I $ f�acd>U-.�, 9 $ � ;©V0+[W�*�V_Z�+-,´abI)Z�,/I-V0a�Z³�¦G<I-J
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f�abd>U[.0, 9 $�� ; � � I)Z0,DI-V�acZ³��G<I-J�I-W>acV0,�rOV $ Z�WsZEG<` IqU-]�v�,/.@WsY�+-W<`bW>d>.0G<] ^-a�¹%,D`cV $
I-W>acV0,�r%V $ +-W>`cW>d>.�Gs] V�G<]_^-`bacI-d .�GsZ0,´YkW>.�J-,DV�abd>I-V�^�,/.�YkW>.�]�,/J�*�acZ0+FG<I-J:*�a�Z�+-W>U%Z ^-a ¹[,/`^-.�,DV0,/`b,/T/Z�acW>I $ � Z�TDG<I�v�,
V0,D,/I�Z0+tGsZXZ0+-,gU-V�,gW<Y�^-a�¹%,D`�^-.0,/V0,D`c,DTlZ�abW<I�+tG<V�`ba�Z0Z0`b,@,/��,DT/Z�W<I Z�+-,²tItGs`�.�,DV�U-`cZ0V $ f�acd>U-.0,�9 $�� � V�+-W *�V\Z�+[, ��� �BZ0ab]_,@.�,DpqU-ac.0,DJ�YkW>.jZ0+-,DV�,�J-,/V0abd<I-VXG<d>G<abI-V�ZoZ�+-,Z�WsZEG<`-IqU-]�v�,/.jWsY�+-W<`bW>d>.0G<] ^-a�¹%,D`cV�.0,/pOU[ab.0,/J�G�Z�,DG<TE+_V�G<]_^-`bacI-dg.�G�Z�, " Z0+-,�Z�W<Z�G<`-IqU-]wv�,D.oW<Y
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f�acd>U-.0,+9 $ � � � ��� �7Z0ab]_,
rOV $ Z�W<Z�G<`±IqU-]wv�,D.�W<Y�+-W>`cW>d>.�Gs]�^-a ¹%,D`bV $
V�Gs]�^-`c,DV�abV�^-.0W>^�W>.�Z�abW<ItG<`)Z�W
Z0+-,XV0G<]�^[`babI[dP.0GsZ�,�V0pqUtG<.�,DJ ( *�a�Z�+wGsI-Jw*�acZ0+-W>U[Z�^-.0,/V0,D`c,DTlZ�abW<I $
� ZXTDG<I v�,
V�,D,DI�Z0+tGsZ\Z0+-, ��� �uZ0ab]_,PacV�V�abd>I[ac²tTDG<I)Z�`c�N.�,DJ-U[TD,DJ�*�+-,/I�^-.0,/V0,/`b,DTlZ�acW>I abV�U-V0,/J $
� OiX X cLZghR`�W ORQSe�Z �"QJf e�OR^3cLQ
�oG<TE+�Z�ab]_,gG�+-W>`cW>d>.0G<]�^[a�¹%,D`±acV�,l¹[G<]_abI-,/J�Z0+-,�I-,/*}^-+tG<V�,H`c,/r<,D` *�+-acTE+´acVXZ�WNv�,HG<^[^-`bac,DJZ�WKacZ2]wU-V�Zwv�, TE+[W>V0,/I $ h�+-abVwI[,/*�^-+tG<V�, `b,lr>,D`�]wU-V�Z�W>v)rOabW>U-V�`c� v�, J-ac��,D.�,DI)ZwYk.�W>] Z�+-,,l¹%acV�Z�acI-d�`b,lr>,D`�G<I[J�]wU-V�Zjv�,PG�rsG<`cU-,XZ�+-GsZjv�,/`bW>I-d<VoZ0WHZ0+-,@V0,/Z�W<Y�pOU-G<I)Z�abV�,DJ�`b,/r<,D`cV\G<`c`bW *�,DJabI Z0+-,�J-,DV�abd>I $

� I�Z0+-abVjV0,/T/Z�acW>I�²[r>,�J-a���,/.0,/IqZj*\G �OVXWsY±TE+-WOW>V0acI-dHZ0+-,
I[,/*Q^-+tGsV0,
`c,/r<,D`�G<.0,@TDW>I[V0abJ[,D.0,/J $h�+-,/V0,�²-r<,w]_,/Z�+[W%J-VPT�G<IKv�,2V0U-v©J-a�rOabJ-,/JKabI)Z0W�Z³*�W�d>.0W>U[^-V � *�+-,/.0,�Gs`b`±Z�+-,2^-+tG<V�,w`b,lr>,/`bVG<`c`bW *\,/J�v)��Z�+[,gV0,/Z@W<Y�pqUtG<I)Z0abV0,/J´`c,/r<,D`bV�Gs.0,gG�rsG<ab`bG<v-`c,PZ�WwZ0+-,�G<`cd>W>.0a�Z�+-] Z0+-.0W>U[d>+-W>U[Z\Z�+-,W>^[Z0ab]_abV0GsZ�acW>I " U-I-.�,DV�Z�.0acT/Z0,DJNG<T/TD,DV�V ( �[G<I[Jw*�+-,D.�,\Z�+-,XG rsG<ac`�G<v[ab`ba�Z³��W<YtZ0+-,X`c,/r>,/`bV�acV�TE+tGsI-d>,DJJ-U-.�abI-d�Z0+-,�W>^[Z�ac]�acV�GsZ0abW>I " .�,DV�Z0.0acT/Z�,/JKGsTDTD,/V0V (l$ftW>.gG<`c`�Z�+[,DV0,N]_,/Z0+-W%J[VgTDW>I-V�abJ-,/.�G�V0,/Z�WsY ����,/r<,DI-`��©V0^tGsTD,DJ pqUtG<I)Z�acV0,/Jµ^-+-G<V0,N`b,lr>,/`bV*�+-,/.0, ������; L *�+-,D.�,�s�� A©G<I[J>s���^�W>V0a�Z�acr<,±.0,DG<` abI)Z�,/d>,D.�V $ h�+-, ^-+tGsV0, V�,D`b,/T/Z0abW>I]_,/Z�+[W%J-V�V�Z�U-J-ac,DJu+-,D.�,µT/W>U-`bJBv�,µU-V�,DJx*�a�Z�+BIqU-]wv�,D.0V�W<Y�^-+tG<V�, `b,lr>,/`bV�Z�+tG�ZKGs.0, I-W<Z^�W�*�,D.�V�W<Y\Z³*\W´v-U[Z�Z0+-,_V0,D`c,DTlZ�abW<I ^-.�W%T/,DJ-U-.�,DV2v�,/TDW>]_,�V�`bacd>+)Z�`c�K]�W<.0,_TDW>]_^-`b,º¹ $ � +-,DI
sB4 A Z0+-,D.�,�G<.0, W<I-`c� Z³*\W ^-+-G<V0,�`c,/r>,/`bVNG<I[J�TDW>I-V�,DpqU-,/IqZ0`c��Z0+-,D.�,�abV�I[W TE+[W>abT/,�G<v�W>U[Z*�+-acTE+´^-+-G<V0,�`b,lr>,/` Z�W_TE+tG<I-d>,gZ0W $� fgf X ��Z]hi` ^3f]f e�OR^3cLQ�f Q�� QJf]c ^3f]f W ORQ W Z]\_Q � ��h � QJcdW �5ZgV:W Q ��^3VUVoQJc c �
	h�+-abV2V0,/T/Z�acW>I�J-,DG<`bVH*�acZ�+ Z³*\W©]_,/Z0+-WOJ-V�acI *�+-abTE+iG<`b`�Z�+[,�G<`b`cW *\,/J ^-+tGsV0,�`b,lr>,/`bVwGs.0,G�rsG<ab`bG<v-`b,NZ�W©Z0+-,�W>^[Z0ab]_abV�G�Z�abW<I ^-.�W%T/,DV0V�Z0+-.0W>U[d>+-W>U[Z�Z0+-,�W>^[Z0ab]_abV0GsZ�acW>I $ h�+-,�Z³*\W ^-.�Ws¶TD,/J-U-.�,DV�acI)r>,DV�Z�acd)GsZ�,/J Gs.0,�j�V0,/pqU-,DI)Z�abG<`6k�V0,/`b,/T/Z�acW>IµG<I-J j�.�G<I[J-W>] V�,D`b,/T/Z0abW>Iak�W<YjZ�+-,_I-,l*^-+tGsV0,�`b,lr>,D` $

� acZ0+�V0,/pqU-,DI)Z�abG<`@V0,D`c,DTlZ�abW<I5Z�+[, G<`cd>W>.0a�Z�+-] Z�,/V�Z�V�G<`b`XZ0+-,K^[a�¹%,D`cVL� ��GsZ�Gµ,DG<TE+:^-+-G<V0,`b,lr>,/` " v)�%^-G<V0V�abI-dKZ0+-W>V�,�^-a ¹[,/`bV2G<`b.�,�G<J%� V0,/Z2Z�W�Z�+tGsZ2^-+tGsV0,�`c,/r<,D` ( G<I[J Z�+-,/I acI-TD.�,D]_,DI)Z�VZ�+[,2^-+-G<V0,2`b,/r<,D`±Z�W_Z�+-,HI-,º¹%Z�G�r<Gsab`�Gsv-`b,�`c,/r<,D` $ � +-,DI©Gs`b` Z�+[,2^-a ¹%,D`bV�+tG�r<,wv�,/,DI�Z�,DV�Z�,/J©GsZ
� � � J KS?&H*O�T\C�H(F�VMUYTLJ&EGF\b ^BANgGH�P@C�H>PNH[O�KYANF\J T$V KSH>U�bcFRC K
FLVMKS?BH*^BANgIH>P_C
?&T-xLH(]!H>H�J xIADC�ANKSH[E C�H>H��IH[O�KSA_FLJ
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G<`c`�Z0+-,�G�r<Gsab`�Gsv-`b,�`b,lr>,/`bVXZ�+[,g^-.0WOTD,/V0V�abV\.0,D^�,�G�Z�,DJ�U-I)Z0ab`�Z0+-,gW>^[Z0ab]_abV0GsZ�acW>I�acVXV�Z0W>^-^�,DJ " V�,D,

 ,/T/Z�acW>I 9 $ ; $ ; 	-^tG<d>, 4��>(l$
� GsI-J-W>] V0,D`c,DTlZ�abW<I�]�,DG<I-VwZ�+-GsZNG©.�G<I[J-W>] ^-+tG<V�,�`c,/r<,D` 	oW>U%Z�W<Y@Z�+-,�G<`c`bW *�,DJ�`b,lr>,/`bV" v[U[Z�,l¹%TD`cU-J-acI-d_Z0+-,�,l¹%abV�Z�acI-dN`b,/r<,D` ( 	-acV�TE+-W>V0,/I´YkW>.�,DG<TE+KTE+-G<I-d>, $� QJcdW �5Z]V:W ZghR` ^3VUVoQJc cxW'X_^3f]f X � Q �!e�OR^3cLQ f Q�� QJf]c 	h�+-abV�V0,/T/Z�acW>I J-,DG<`¸*�acZ�+_Z�+-.�,D,�]_,/Z0+-WOJ-V\W<Y V0,D`c,DTlZ�abI[d2Z�+[,
I-,l*u^[a�¹%,D`�^-+tG<V�,
Z�+-GsZXGs`b`bW *Z�+[,�W>^[Z�ac]�acV�GsZ0abW>I2G<`cd>W>.0a�Z�+-]	Z0W�G<`cZ0,D.�Z0+-,�IqU-]wv�,D.�W<Y�^�,D.0]_acZ�Z�,/J�^-+tG<V�,�`b,/r<,D`cVoGsZoJ-ac��,D.�,DI)ZV�Z�G<d>,/V@J[U-.0acI-d�Z�+-,�W>^[Z0ab]_abV0GsZ�acW>I $
� Z�abV�W>v)rOabW>U[V0`c� G�J-abV0G<J[rsG<I)ZEG<d<,�YkW>.XZ�+-,�J-ac.0,/T/Z�¶·V0,DG<.0TE+�]�,lZ�+-WOJ�Z�W�²tI-acV0+�Z�+-,�W>^%Z�ab]_a�¶V�G�Z�abW<I´*�acZ0+KYk,/*�,D.g^�,D.�]�a�Z0Z0,DJK`c,/r<,D`bVPZ�+tG<I©a�Z
V�ZEG<.�Z�,/J *�acZ�+ $ h�+-abVP*XG<V
I-W<Z
Z0,DV�Z�,DJ $ h�+[abVTDW<IqZ0.�G<V�Z�V�*�acZ0+N]�,lZ�+-WOJ-V�`bac¿<, =@9 2�� C����]? 2�� 2��	�M2��mF��g9 ;:?
���HF " V0,/, 
 ,DT/Z0abW>I�; $��[$ A ( *�+-,/.0,�Z�+-,/.0,G<.�,�J-acV�Z0abI-TlZwG<J%r<GsIqZ�G<d>,/V�abIµV�Z�G<.�Z0abI-d�*�acZ�+ G´T/W>I)Z�abIqU-W<U-V�^-+-G<V0, J[abV�Z0.0acv-U[Z�acW>IµG<I-JµZ0+-,DI^-.�W>d>.0,/V0V�acr>,/`c�©.�,DJ-U[TDabI[d�Z0+-,�IqU-]�v�,/.HWsY\^�,D.�]�a�Z0Z�,/J pOU-G<I)Z�abV0GsZ�acW>I `b,lr>,D`cVgZ�W�Z�+-,NIqU-]wv�,D.W<Y�`b,lr>,D`cV�G<`b`cW *\,/J�acI�Z�+-,g²tItGs`±J-,DV�abd>I $
� Z�abV\I-W<Z�,/J�Yk.0W>] 
 ,DTlZ�acW>I�9 $ A $ ;2Z0+tGsZXZ0+-,�ac]�G<d<,
pqUtG<`cacZ³��G<I-J�,/¾_T/ab,DI[T/� .�abV�,�*�acZ�+�Z�+-,IqU-]wv�,D.�W<Y�G<`b`cW�*�,DJ�^-+-G<V0,H`b,lr>,D`cV $ �PI[YkW>.�Z�U-I-GsZ�,/`c� Z0+-,�.0,DpqU-ac.0,/JKW>^[Z0ab]_abV0GsZ�acW>I�Z�ac]�,g.�abV�,DV" .�W>U-d>+[`c� `cabI-,DG<.0`�� ( *�acZ0+�Z�+-,�IqU-]wv�,D.�W<Y�^-+tG<V�,2`c,/r<,D`bV " V0,/,H²td<U-.0, 9 $ A 9 (º$
� Z�*�W>U-`cJ�v�,@J-,DV�ab.�Gsv-`b,�Z�WHTDW<]wv-abI[,�Z0+-,@ab]�G<d>,�^-.�W>^�,/.�Z0ab,DVoW<Y GH+[abd>+_IqU-]wv�,D.jW<Y ^-+-G<V0,`b,lr>,/`bV�*�acZ�+ Z�+[,�.0G<^-abJ TDW<Iqr<,D.�d>,DI-T/,�W<Y�G�`bW *�,D.HIOU[]wv�,/.2WsY�^-+tG<V�,�`c,/r<,D`bV $ h�+-.0,/,�^-+-G<V0,V0,/`b,/T/Z�acW>I�]_,/Z0+-WOJ-V�*�+-acTE+�V�Z�G<.�Z�*�acZ�+ G<I abI[acZ�abG<`b`���`cW *QIOU[]wv�,/.XW<Y±^[+tG<V0,g`c,/r<,D`bV\G<I-J�Z0+-,DIG<`c`bW *5Z0+-,
IqU-]�v�,/.\W<Y±^[+tG<V0,P`b,lr>,D`cV�Z0W�v�,
abI[TD.0,DG<V0,/J `�G�Z�,D.oacI�Z�+[,
W>^[Z0ab]_abV0GsZ�acW>I�	>U-^_Z�WHZ�+-,IqU-]wv�,D.�W<Y�G<`b`cW *\,/J�^-+tGsV0,�`c,/r>,/`bV�	[v�,/YkW>.�,PZ�+[,
W>^[Z0ab]_abV0GsZ�acW>IN,DI-J-V�*\,/.0,g,l¹[G<]_abI[,DJ $ h�+[,DV0,,l¹%^�,D.�ab]_,DI)Z�V�V�+-W *\,/J5Z�+-GsZN.0,/V�Z�.�abTlZ�abI[dKZ�+-,�IqU-]wv�,D.�WsYP^[+tG<V0,�`c,/r>,/`bV�,DG<.0`�� W>I¦G<TlZ�UtGs`b`c�.0,/J-U-T/,DV�Z�+-,�^�,D.�YkW<.0]�G<I-TD,B� � WsY�Z0+-,�J-ab.�,DT/Z�¶³V�,�G<.�TE+´]_,/Z0+-W%J�.0GsZ�+-,/.�Z�+tG<I�ab]_^-.�W�rOacI-dwacZ $h�+-,�IqU-]wv�,D.�W<YP^-+tG<V�,�`b,lr>,D`cVwZ�+tG�Z�Z�+-,�J-ac.0,/T/Z�¶·V0,DG<.0TE+¦]�,lZ�+-WOJ�T�GsI5U-V�,�GsZNG©d>acr<,DI]_W>]�,/I)Z�J-U-.0acI-d Z�+-, W>^[Z0ab]_abV0GsZ�acW>I�*�ab`c`�v�,µ.�,/Yk,D.�.0,/JuZ�W5G<V�Z�+-,�=3CE9 <x?
��� C�
����J<��ECE9 W<Y^-+tGsV0,�`b,lr>,/`bVNG<VwW<^-^�W<V0,DJ�Z0W Z�+-, ;:4H462�� C�
����D<��ECE9HW<Y@^-+tGsV0,�`b,lr>,/`bV�J-,lZ�,D.�]�acI-,DJ�v)�µZ�+-,J-,/V0abd<I $ h�+-,H^�,/.0]_acZ0Z0,DJ�IqU-]wv�,D.�V�ZEG<.�Z�V�abI-a�Z�abG<`b`��NGsZ�Z³*�W�G<I[J�Z0+-,DI�abI-T/.0,DG<V0,/VPJ-U[.0abI[dwZ�+-,W>^[Z0ab]_abV0GsZ�acW>I�U-I)Z0ab` a�Z�.0,�GsTE+-,DV�Z�+-,HG<`c`bW *�,DJ�IqU-]wv�,D. $h�+-,XvtGsV0abT�]�,/TE+tG<I-acV0]	YkW>.�J-,/Z0,D.0]_abI[abI-d@*�+-,DIwZ0+-,\IqU-]wv�,D.�W<Y¸^�,/.0]_acZ�Z�,DJ2^-+tG<V�,X`b,lr>,/`bVabVNacI-TD.�,�G<V�,DJ�acVNV0ab]_ab`bG<.�Z0W Z0+-,´]_,DTE+-G<I-abV�] U-V0,/J�Z�W V�Z0W>^5Z0+-,´G<`bd>W<.0acZ0+-] " V0,/, 
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� 476 � �� ? ����� " 9 $ A<A (*�+-,/.0, �� abVoZ�+[,�]�,DG<I acIqZ0,DI-V�acZ³�_W<Y±Z0+-,
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� Z�abV\^�W>V�V0acv-`b,
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,/]�^-+-G<V0acV\U-^�W>I�.0,/J-U-T/abI-dZ�+[,PI-W<abV0, $ � W *�,/r<,D.\*�+-,/I �3) � Z0+-,PI[W>abV�,@Z0,D.0] J[W>]�acItGsZ0,DV�Z�+[,
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G<.0,2V0,/^tG<.�G�Z�,DJv�,DT�GsU-V0,�Z�+-,@TDac.0T/`b,�.0,/TDW>I[V�Z�.�U-T/Z0,DJ�Yk.�W>] Z0+-,@Z³*�W�J[ab]_,DI-V�abW>ItGs`[J-,/V0abd<I�abI[TD.0,DG<V0,/V�acIN.�G<J-acU-VG<V¯Z�+-,�^-`�GsI-,DV�G<.0,jV0,/^tG<.0GsZ�,/J�	>TDW<I-V0,/pOU[,DI)Z�`��2Z0+-,\,/I-,D.�d<��Y°G<`b`cV±W>U[Z�V�abJ-,jW<Y-Z0+-,\J[,DV0acd>I�.�,Dd>acW>I" V�,D, 
 ,/T/Z�acW>I #%$��[$ A (º$h�+-,©]_,�G<IFacIqZ0,DI-V�acZ³��W<Y�Z�+-, T/.0W>V�V�Y°G<`b`cV�V�`bW *�`c��G<V Z�+[,©.0,DT/W>I-V�Z�.0U[T/Z�acW>IF^-`bG<I-,DV�Gs.0,V0,/^tG<.0GsZ�,/J�v�,/T�G<U-V�,
Z�+[, j0G<.�]�V k�W<Y±Z0+-,
T/.0W>V�V�G<.0,
.�G<J-abG<`�G<I-J�Z0+-,�]�G ��W>.�acZ³��W<Y±Z0+-,�,/I-,D.�d<�V�Z0ab`c`�Y°G<`c`bV\*�a�Z�+-acI Z�+-,�J-,/V0abd<I´.�,Dd>acW>I *�+-,DI�Z�+-,�.�,DTDW<I-V�Z0.0U-TlZ�abW<I´J-acV�Z�G<I-TD,�acV�.0,DJ[U-TD,/J $
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f�acd>U-.0,+9 $ # ¼ ��� W>acV0,�rOV $ V0,/^tG<.�G�Z�abW<I�WsY�.�,DTDW<I-V�Z0.0U-TlZ�abW<I´^-`bG<I-,/V $
f�abd<U-.0, 9 $ # ¼ V0+-W *�VgZ�+-,�ac]�Gsd>,�I-W<abV0,wYkW<.PZ�+[,�TD.0W<V0VHG<I-J©Z�+[,wTDac.0TD`c,w.0,/TDW>I[V�Z�.�U-T/Z0,DJµabIZ�+[,Dab.jG<^[^-.0W>^[.0a�G�Z�,�^-`bG<I-,DVoYkW>.ov�W<Z�+NZ�+-,�Z³*�Ws¶�GsI-J�Z0+-.0,/,l¶³J[ab]_,DI-V�abW>ItGs`-J-,DV�abd>I[V $ h�+-,@I-W>acV0,`b,lr>,/`bV
YkW>.@Z�+-,�T/.0W>V�V�G<I-J©T/ab.0T/`b,2.0,DT/W>I-V�Z�.0U[T/Z�,/J Yk.�W>] Z�+-,wZ0+-.0,/,l¶³J[ab]_,DI-V�abW>ItGs`�J-,/V0acd>I-V�.�,l¶]�G<abI�Y°Gsab.0`���TDW>I[V�ZEGsIqZ�G<V�Z0+-,�.0,/TDW>I[V�Z�.�U-T/Z0abW>IN^-`bG<I-,/V�G<.0,�V�,D^tGs.�GsZ0,DJ $ h�+[,@I[W>abV�,X`b,lr>,D`t.�abV�,DV.�Gs^-abJ-`�� YkW>.gZ�+[,�TD.�W>V0V2.0,/TDW>I-V�Z�.�U-T/Z0,DJ�Yk.0W>] Z0+-,NZ³*\Ws¶·J-ab]_,DI[V0abW<ItG<`�J-,/V0abd<I�G<V�Z�+-,�^-`�G<I[,DVV0,/^tG<.0GsZ�, $ h�+[,wI-W>acV0,H`b,/r<,D`¯YkW>.�Z�+-,2TDab.�TD`c,H.�,DT/W>I-V�Z0.0U-TlZ�,/J Yk.�W>]RZ�+[,2Z³*�Ws¶³J-ac]�,/I-V0acW>ItG<`±J[,l¶V0acd>INJ-ab]_abI[abV0+[,DV�V0`cW *�`c�NG<VoZ�+[,@.�,DT/W>I-V�Z0.0U-TlZ�acW>I�^-`bG<I-,/VjV�,D^tGs.�GsZ0,�	qZ�+-acVj+[W�*�,/r<,D.XacVjGH.�,DV0U[`cZW<Y�Z�+-,�.�Gs^-abJ�J-,DT/.0,DG<V0,2abI�Z�+-,H]�,DG<I�abI)Z�,/I-V0a�Z³��W<Y�Z0+-,HTDab.�TD`c,2GsV�Z0+-,HTDab.�TD`c,H]_W r>,/VPW>U%Z�V0acJ-,W<Y�Z�+-,�J-,/V0acd>I�.0,Dd<abW>I " V�,D,�²td>U-.�, 9 $��>& GsI-J 9 $ # A (l$f�abd<U-.0, 9 $ # A�V0+-W *�V�Z0+-,�V0abd<ItG<`�¶�Z�Ws¶·I-W>acV0,�.0GsZ�acW YkW<.NZ0+-,�TD.0W<V0V�G<I-J5Z0+-,�TDab.�TD`c,�.�,DT/W>I%¶V�Z0.0U-TlZ�,/J�abI Z�+[,Dab.NGs^-^-.0W<^-.0abGsZ�,�^-`bG<I-,/V_YkW>.�v�W<Z0+¦Z0+-,�Z³*�Ws¶·J-ab]_,DI-V�abW>I-G<`�G<I-J Z�+[,�Z0+-.0,/,l¶J-ac]�,/I-V0acW>ItG<`oJ-,/V0abd<I-V $ h�+-,�V�abd>I-G<`�¶�Z�Ws¶·I-W>abV�,N.�GsZ0abW´YkW<.2Z�+[, Z³*\Ws¶·J-ab]_,DI[V0abW<ItG<`oJ-,DV�abd>I�J[,l¶TD.�,�G<V�,DVP.�G<^-acJ-`c��G<V@Z0+-,H^-`�G<I[,DVPG<.0,�V0,/^tG<.0GsZ�,/J $ h�+-,�V�abd>I-G<`�¶�Z�Ws¶·I-W>abV�,�.�G�Z�abW�YkW>.�Z0+-,2Z0+-.0,/,l¶J-ac]�,/I-V0acW>ItG<`�J-,DV�abd>I-V�.�,D]�G<abI-V�Y°G<ab.�`c��TDW>I-V�ZEG<I)Z
G<VXZ�+[,H^[`�G<I-,/V@G<.0,�V0,/^tG<.0GsZ�,/J $f�abd<U-.0, 9 $ # ;µV0+-W *�V Z0+-, ,/¾_T/ab,DI[T/��YkW<.�Z�+[,©TD.0W<V0V�G<I[J:Z�+-, T/ab.�TD`b,´.0,/TDW>I-V�Z�.�U-T/Z0,DJBabIZ�+[,Dab.¯Gs^-^-.0W<^-.0abGsZ�,�^[`�G<I-,/V±YkW>.±v�WsZ�+gZ�+-,�Z³*�Ws¶³J[ab]_,DI-V�abW>ItGs`>G<I-J�Z�+[.0,D,º¶³J-ac]�,/I-V0acW>ItG<`sJ-,DV�abd>I[V $h�+-acV�d>.�G<^[+�G<`cV0W�V0+[W�*�VoZ�+[,@T/W>]wv-acI-,DJ_,/¾_T/ab,DI[T/��YkW>.�Z0+-,�Z�+-.�,D,l¶·J-ab]_,DI[V0abW<ItG<`-J-,/V0acd>I-VjG<I-J
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f�abd>U-.�, 9 $ # A ��
 acd>ItG<` ¶·Z0Ws¶³I-W<abV0,@.�G�Z�abWwrOV $ V�,D^tG<.0GsZ�acW>I�W<Y�.0,DT/W>I-V�Z�.0U[T/Z�acW>I�^-`�G<I[,DV $
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f�abd<U-.0, 9 $ # ; � ��¾_T/ab,DI[T/��rOV $ V0,/^tG<.�G�Z�abW<I�WsY�.�,DTDW<I-V�Z0.0U-TlZ�abW<I´^-`bG<I-,/V $



Z�+[,@Z³*�Ws¶³J[ab]_,DI-V�abW>ItGs`tJ-,DV�abd>I $ h�+-,DV�,
*\,/.0,�TDG<`bT/U-`�G�Z�,DJ_v)��G<J-J-acI-dHZ0+-,
,l¾_TDab,/I-TDac,DVjYkW>.�Z�+-,.0,/TDW>I[V�Z�.�U-T/Z0abW>I[V@WsY�v�W<Z�+�Z�+[,HT/.0W>V�V@G<I-J�Z�+-,�TDac.0T/`b, $h�+-,\,l¾_TDab,/I-TDac,DV�YkW>.�Z0+-,jTD.0W<V0V�G<I[J2Z�+[,�T/ab.0T/`b,jJ-ac��,D.¯acI2Z�+[, �/,D.0W
V0,D^-G<.�GsZ0abW>I2J-,DV�abd>I�G<I-JabI_Z�+-,PZ�+-.�,D,l¶·J-ab]_,DI[V0abW<ItG<`�J-,DV�abd>I v�,DTDG<U-V�,�Z�+-,�J[,DV0acd>I�G<`cd>W>.0a�Z�+-]�*XG<V\abI)Z�,/I-J-,DJ�Z0Ww]�Gs¿<,Z�+[,2acIqZ0,DI-V�acZ0ab,DV@W<Y�Z�+-,2TD.0W<V0V�GsI-J´Z0+-,2T/ab.�TD`b,�,/pOU-G<` $ ® VPZ�+[,HYkW>.�,Dd>.�W>U-I-JKG<.0,DG�T/W�r<,D.�,DJ©v)�Z�+[,jT/ab.�TD`b,�*\G<V�d>.0,DGsZ�,/.±Z�+tG<I�Z�+-GsZ�W<Y[Z0+-,oTD.0W<V0V¯Z�+-,o^-.�W>^�W<.�Z�acW>I�W<YOZ�+-,j,DI-,/.0d<��J[acr>,/.�Z0,DJ�acI)Z�WZ�+[,�TDac.0TD`c,
acV\d>.�,�GsZ0,D. $ � ZXabVXGs`bV0W�I-W<Z�,/J Z�+tG�Z�G<V\Z0+-,�.0,/TDW>I[V�Z�.�U-T/Z0abW>I�^[`�G<I-,/V�G<.�,�V0,/^tG<.�G�Z�,DJZ�+[,�+-W>`cW>d>.0G<] M � v�,DTDW<]�,/V�d>.0,DGsZ�,/.PYkW>.�Z�+[,�TD.�W>V0V�G<V
a�Z
acV
TD`cW>V0,/.@Z0W�Z�+[,�+-W>`cW>d>.0G<] G<I-JZ�+[,wv�,/TDW>]_,DVgV�]�Gs`b`b,/.@YkW<.
Z�+-,�T/ab.�TD`b, $ h�+-abV�]_,�GsI-V�Z�+-,�,º¹%^�,/T/Z�,/Jµ`cabI-,H*�abJ[Z0+ G<I-J©+-,/I-TD,Z�+[,�G<.0,DG TDW r>,/.0,DJ5v)� Z�+[,�ab]�G<d>,�Y°Gs`b`bVHYkW>.�Z0+-,�TD.�W>V0V_G<I-J .�abV0,/VwYkW>.�Z0+-,�TDac.0TD`c, $ h�+-abV�abVV0+[W�*�IiG<V�G�V0`cabd>+)ZH.0acV0,_abI Z�+-,_,/¾_T/ab,DI[T/� YkW>.gZ�+-,�TDac.0TD`c,_G<I-JiG�V0`cabd>+)Z�Y°G<`c`�YkW>.�Z�+-,_TD.�W>V0V.0,/TDW>I[V�Z�.�U-T/Z0,DJiYk.�W>] Z�+[,�Z�+[.0,D,º¶³J-ac]�,/I-V0acW>ItG<`�J-,DV�abd>I-V�G<V�Z�+-,_.0,/TDW>I-V�Z�.�U-T/Z0abW>Ii^[`�G<I-,/V�Gs.0,V0,/^tG<.0GsZ�,/J $h�+-,�TDW<]wv-abI[,DJN,/¾_TDac,DI-T/ab,/V " J-W<Z�Z�,/J_`cabI-,/V ( G<.0,�+-acd>+-,/.�Z�+tGsI_V�,D,/INYkW<.�^-.0,lrOabW>U-V�J[,DV0acd>I-Vv�,DT�GsU-V0,gZ�+[, j�W r>,D.�`�G<^mk_WsY�Z0+-,�TDac.0TD`c,gG<I-J�T/.0W>V�V@ac]�Gsd>,
J-,/V0acd>I�.0,Dd<abW>I-V�.�,DV�U-`cZ0V�abV�G�V0]�G<`c`G<]_W>U-I)Z�W<Y-Z�+[,\,DI[,D.0ds��v�,DacI-d�TDW<U-I)Z�,DJwZ³*�acTD, " W>I-T/,�YkW>.�Z�+-,�TD.�W>V0V�GsI-JwW>I-T/,�YkW>.¯Z�+[,XTDac.0TD`c, (º$h�+-,�W r>,/.�G<`c`�T/W>]wv-acI-,DJ©,l¾�T/ab,/I-T/�´YkW>.
Z�+[,wZ�+-.�,D,l¶·J-ab]_,DI[V0abW<ItG<`¯J-,DV�abd>I[Vg.0,D]�G<acI-V
+-acd>+ $ � ZJ-.�W>^-V�*�acZ0+�acI-TD.�,�G<V�abI-dNV�,D^tG<.0GsZ�acW>I�W<Y�Z�+-,�^-`bG<I-,DVXYkW<.XZ�+-,gZ³*�Ws¶³J-ac]�,/I-V0acW>ItG<`�J-,DV�abd>I $
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f�acd>U-.0,+9 $ #�� � � ^%Z�ab]_abV0GsZ�acW>I�Z0ab]_,
rOV $ V0,/^tG<.�G�Z�abW<I�WsY�.�,DTDW<I-V�Z0.0U-TlZ�abW<I´^-`bG<I-,/V $
f�abd<U-.0, 9 $ #�� V0+-W *�VjZ�+-, ��� �QZ0ab]_,�.0,DpqU-ac.0,/J�Z�WH^�,D.�YkW<.0] Z0+-,DV�,
W>^[Z0ab]_abV0GsZ�acW>I-V�rOV $ Z�+-,J-,/V0abd<I�^-`bG<I-,�V0,/^tG<.�G�Z�abW<I $ h�+-,Kd<.�G<^-+5J-WO,DV�I[W<Z�V�+-W * G<I)�¦V0abd<I-ac²tTDG<I)ZNZ�.0,/I-J:W>U%Z�V0acJ-,W<Y�Z0+-,�rsG<.0abGsZ�acW>I�,l¹%^�,/T/Z0,DJ abIKZ0+-,wW>^%Z�ab]_abV0GsZ�acW>I�Z�ac]�,/V " V�,D, 
 ,/T/Z0abW>I 9 $ ; $ A (º$ h�+-abV
V0`bacd>+)ZrsG<.0abGsZ�acW>I�acV�Z�W�v�, ,º¹[^�,DTlZ�,/JxG<V�G�Z�,�G<TE+QV�,D^tG<.0GsZ�acW>I:Z�+[, G<`bd>W<.0acZ0+-] abV�V0,/Z�GiV�`bacd>+)Z�`c�J-a���,/.0,DI)Z�^-.�W>v-`c,D] $

- ������� 	�� �
� "%
��1� �@� )+$&��� �
��$&�'�
�1. ) � ��$&3'�
�h�.0U-,XZ0+-.0,/,l¶³J[ab]_,DI-V�abW>ItGs`%ac]�G<d<,\abI)Z0,DI-V�acZ³�2J-abV�Z�.0acv-U[Z0abW>I-V�.0,/pOU[ab.0,XZ0+-,X*�W>.0¿qabI[dgJ-abV�ZEG<I-T/,XZ�Wv�,2V�^�,/TDac²-,DJKYkW>.�,DG<TE+ ab]�G<d>,gV0G<]_^-`b, $ � I´Z0+-,2YkW>`c`bW *�abI[d�,l¹[G<]_^-`b,�Z�+-,2G<`c^-+tGNV0+tG<^�,�U[V0,DJ^-.�,/rOabW>U[V0`c� *\G<V�J-,/V0abd<I-,DJiZ0W©v�,�YkWOTDU[V0,DJ�W r<,D.NG TDU[.�r>,/J V0U-.�Y°G<TD, $ h�+[,�TE+-W>V0,/I V0U-.�Y°G<TD,



*\G<V�GK^tGs.�G<v�W>`bW<abJ W<Y�.0,lr>W>`cU[Z�acW>I $ h�+-,�*�W>.0¿qabI[d J-abV�ZEG<I[TD,�YkW>.H,�GsTE+¦ac]�Gsd>,NV�G<]_^-`b,�	�.Rp 	*\G<V�T�G<`cTDU-`bGsZ�,/J´GsV .ip�4B¼[CcA�?5; # ¼>¼ + � � ]�,lZ�.�,DV " 9 $ A 9 (*�+-,/.0, � acVwZ�+-,�.0G<J-abG<`\J-acV�Z�G<I-TD, Yk.�W>] Z0+-,�G�¹%abVwZ0W Z�+-,�ab]�G<d>,�V�G<]_^-`c, $ h�+[,�.�,DpqU-ac.0,DJJ-,/^[Z�+ WsY±Z�+-,Pab]�G<d>,�W>.\J[ac��,D.0,/I-TD,Pv�,lZ³*\,/,DI�Z�+[,P*�W>.0¿qabI[dwJ-abV�ZEG<I[TD,DV\W<Y Z�+[,�ab]�G<d>,�V�Gs]�^-`c,I-,DG<.0,/V�Z�Z�W�Z�+[, +[W>`bW>d<.�G<] G<I-JQZ�+-,©ac]�Gsd>, V�Gs]�^-`c, YkU-.�Z0+-,DV�Z�Yk.0W>] Z�+-, +-W>`cW>d>.0G<] *\G<V¼ $ ¼[A>A # ] $ h�+-,w+[W>`bW>d<.�G<]_V�J-,DV�abd>I-,/J©abI�Z�+-acV
V0,/T/Z0abW>I +-G<J ; # 91+ ; # 9KA�¼�� ] ^-a ¹[,/`bV $ h�+-,+-W>`cW>d>.0G<] Gs^�,/.�Z�U[.0,�U-V0,/J5*\G<V_Z³*�acTD,�Z�+[,´V�a��D,�W<YPZ�+-,�G<^�,D.�Z�U-.�,DV_U-V0,/J:abI�Z0+-,�^-.0,lr%acW>U-V,l¹[G<]_^-`c,DV@G<I-J�*XG<VPTE+-W>V�,DIKZ0W�acI-TD.�,�G<V�,HZ0+-,�+-W<`bW>d>.0G<]_V�M���G<I-J�Z�+-,/.0,lYkW>.0,HJ-,DT/.0,DG<V0,HZ�+-,+-W>`cW>d>.0G<] J-,/^[Z�+�W<Y YkWOTDU-V $ � acZ0+�Z�+[abVo+-W>`cW>d>.�Gs] M��QZ�+[,PJ-,/^[Z�+�W<Y Z�+[,Pac]�G<d<,X*XG<V\G<v�W>U[Z»wZ�ac]�,/VXZ�+-,�J-,/^[Z�+�W<Y�YkW%T/U-V $
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f�acd>U-.0, 9 $ #��
� e�a�G<d>.0G<] V0+-W *�abI[d´Z�+[,_ac]�Gsd>,wV�Gs]�^-`c,DV " .�,DJ ( 	�Z0+-,N.0,/TDW>I-V�Z�.�U-T/Z0abW>Iµ^-`�G<I[,DV" d<.0,D,/I ( G<I-J " V�W>]_, ( .0,/TDW>I-V�Z�.�U-T/Z0abW>I�.�G<J[aba " v-`bU[, (l$
h�+-,_W>^[Z�ac]�acV�GsZ0abW>I´*XG<VH.0,/^�,DGsZ�,/J U-V�abI-d�Z³*�Ws¶³J-ac]�,/I-V0acW>ItG<`�ab]�G<d>,wV0G<]�^[`b,�JtGsZ�G�*�a�Z�+GK*�W>.0¿qabI[d J[abV�Z�G<I-T/,�	
. 4 ¼[C�A�] Z�W©^-.�W�rOacJ-,�TDW>]_^tG<.�abV�W>Ii*�acZ0+iZ�+-, Z0+-.0,/,l¶³J[ab]_,DI-V�abW>ItGs`J-,/V0abd<I $f�abd<U-.0, 9 $ #�� V�+-W *�V�Z�+-,2ab]�G<d>,�r<W>`bU-]_, $ h�+-,�ab]�G<d>,gV�Gs]�^-`c,DV
G<.0,HV0+-W *�I©acIK.0,/J�	¸Z�+-,^�W>V0a�Z�abW<I´W<Y�Z0+-,wTE+-W<V0,DI .�,DTDW<I-V�Z0.0U-TlZ�abW<I©^-`�G<I[,DV
V�+-W *�I abIKV�W>`bacJ G<I[J©J-W<Z0Z0,DJ d<.0,D,/I $ h�+-,.0,/TDW>I[V�Z�.�U-T/Z0abW>I�W r>,D.jZ�+-,P^tG<.0G<v�W<`bW>acJw*XG<VXG<V0V�,D]wv-`c,DJ�U-V0acI-d�JtG�ZEGHYk.�W>] Z�+[,DV0,P.0,/TDW>I-V�Z�.�U-Tl¶Z�acW>Iw^-`bG<I-,/V $ h�+-,�.0G<J-abU[V�W<Y¸Z�+-,�^tGs.�G<v�W>`bW<abJ�V�^�,/TDa�²t,DJ_abI�,/pOU-GsZ�acW>I 9 $ A 9�abV�V�+-W *�I�acI�v-`bU-, $h�+-,HJ-,D^%Z�+ W<Y�YkW%T/U-VPacV�V0+-W *�I©G<VPG�v[`bU-,H]�Gs.0¿<,/.
GsI-J´acVPT/W>I-V�abJ-,/.�G<v-`���V0]�G<`b`c,D.XZ0+tG<I�Z�+-,J-,/^[Z�+�W<Y�Z�+-,�ab]�G<d>, $h�+-, .�,DV0U[`cZ�acI-dK+[W>`bW>d<.�G<] J-,/V0acd>I-V2*�,D.�, Z�+-,/I�.0,/TDW>I-V�Z�.�U-T/Z0,DJ W r>,D.2Z�+-,�,DI)Z�ac.0, ac]�G<d<,



J-,/V0abd<I�r<W>`bU-]_, ��� $ h�+-,2V�G<]_^-`b,�V�^tG<TDacI-d�G<`bW>I[dNZ0+-,HW>^[Z�acT�G<`¯G�¹[acV@*\G<V # ¼>¼<]_abT/.0W>I[V $ h�+[abVV�Gs]�^-`c,�V0^tG<T/abI-d�*XG<VPV0acd>I-ac²-T�G<I)Z�`���`b,/V0V@Z�+tG<I´Z�+-,2J-,D^[Z0+ W<Y�YkWOTDU[VPYkW>.�Z�+-,2+-W>`cW>d>.�Gs] G<I-J*\G<V�.�,DpqU-ab.�,DJwd<acr>,\GPT/W>I)Z�abIqU-W<U-V�.0,/TDW>I[V�Z�.�U-T/Z0abW>I�W<Y-Z�+[,\ab]�G<d>,oW r>,/.�Z0+-,X^tG<.0G<v�W>`bacT�V0U-.�Y°G<TD,v�,DT�GsU-V0,HW<Y�Z�+-,�.�GsJ-a�G<`�]�W r<,D]_,DI)Z@W<Y�Z0+-,�ab]�G<d>,�.0GsZ�+[,D.�Z�+tGsI�J[,/YkWOTDU-V $
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3-d alpha focus reconstructed over parabolic

f�acd>U-.�, 9 $ #># � ® � J�J-,DV�abd>I�.0,/TDW>I[V�Z�.�U-T/Z0,DJ´W�r<,D.@acZ0V�J-,DV�abd>I�V0U-.�Y°G<TD, $
h�+-,�.0,/TDW>I-V�Z�.�U-T/Z0abW>I�W<Y¯Z�+-,gZ0+-.0,/,l¶³J[ab]_,DI-V�abW>ItGs`�J-,/V0abd<I�W r<,D.�Z�+-,g^tGs.�G<v�W>`bacT
V�U-.�Y°G<T/,�abVV0+[W�*�I´abI�²td>U[.0, 9 $ #>#%$ ftW>.�TD`bG<.0a�Z³��G�^-.0W ��,DT/Z0abW>I�W<Y�Z�+-,�.�,DTDW<I-V�Z0.0U-TlZ�abW<IKW r>,/.@Z0+-,�V0U-.�Y°G<TD,abV�V�+-W *�IKW>I�G :¸GsZ@^-`bG<I-,gU-I[J-,D.�Z�+[,H^-G<.�G<v�W>`cW>abJ $ftW>.NTDW>]_^tG<.�abV0W<I5G .0,/TDW>I[V�Z�.�U-T/Z0abW>I5W<YgG :¸GsZ_J-,/V0acd>I5W r<,D.�Z0+-,�V0U-.�Y°G<TD,�abVNV0+[W�*�I�abI²td>U[.0,
9 $ # 9 $ � Z�abVjTD`c,�G<.jYk.0W>] ²td<U-.0,.9 $ #<# Z�+tG�Z\Z�+[,�ab]�G<d>,�.0,/TDW>I[V�Z�.�U-T/Z0,DJ�Yk.0W<]�Z0+-,
Z0+-.0,/,l¶J-ac]�,/I-V0acW>ItG<`%J-,DV�abd>INV�Z�G��%VjabI�YkWOTDU-V�W r<,D.oZ�+-,�^tG<.0G<v�W>`bW>acJwJ-,/V0^-a�Z�,�Z�+-,�J[,D^[Z0+�W<Y�Z�+-,�ac]�G<d<,,l¹%T/,D,DJ[abI-d©Z�+[,�J-,D^[Z0+ W<Y�YkW%T/U-V $ f�abd<U-.0, 9 $ # 9´V0+-W *�V�Z�+tG�Z�Z�+-,�Z³*�Ws¶·J-ab]_,DI-V�abW>I-G<`\ac]�G<d<,J-,/V0abd<I-,DJ YkW>._G YkWOT�Gs`X`b,/I-d<Z�+¦W<Y
¼[C�A�] abVNacI YkWOTDU[V�GsZ�Z0+-,�TD,DI)Z0.0,�W<Y
Z0+-,�^tG<.�Gsv�W>`bG©v-U[ZpqU-abTE¿q`��µd<W%,/VwW>U[Z�W<YXYkWOTDU-V�G�*\G�� Yk.0W<] Z0+-,�T/,DI)Z�.�,�G<V2Z0+-, .�,DTDW<I-V�Z0.0U-TlZ�abW<IiYkW%TDG<`o`b,DI[d<Z�+abI[TD.0,DG<V0,/V $h�+-abV�,l¹[G<]_^-`b,�T/`b,�Gs.0`c� J[,D]_W>I-V�Z0.�GsZ0,DV_Z�+-,KG<v-ab`cacZ³� W<Y�Z�+[,KJ-ac.0,DTlZ�¶·V0,�Gs.0TE+:]_,/Z0+-W%J¦Z�WJ-,/V0abd<I�+[W>`bW>d<.�G<]_V\YkW>.XZ0+-,�^-.0WOJ-U-TlZ�abW<I�WsY�Z0+-.0,/,l¶³J[ab]_,DI-V�abW>ItGs`�ab]�G<d>,
J-abV�Z�.0acv-U[Z0abW>I-V $

%��º� � «g£�¢��_¤©¢�¤
� �w¡o¡�� ��£ �N¥}�µ��¢D¤�ª�£
� +-,/IiZ�+-,�J-ac.0,/T/Z�¶·V0,DG<.0TE+ ]_,/Z�+[W%JiacV�U-V�,DJ Z�W J[,DV0acd>I G<.�.�G��OV�W<Y�^�W<abI)Z�V�GsI-JiZ�+-,�^�W>acI)Z�VG<.�,´*�,D`b`@V0,/^tG<.0GsZ�,/J�	�Z�+-,´^-+tG<V�, W<YgZ�+[,´²t,/`bJFGsZ G d>a�r>,DI�ab]�G<d>,�V�G<]_^-`c,´^�W>abI)Z�T�G<IFv�,
� �>s/OXQB]�FLADE�OXF\J\K8T�A_JBA_JBf#TLPNP�KS?BH�A_b T�fLH�CYT�bc^BP_H>CdA_J*KY?BH�KS?&USH>H � EGANbcH>J&C�A_FLJ!T�P�EGH[C�A_fLJ�`



-4

-2

0

2

4

x 10
-3

-4

-2

0

2

4

x 10
-3

-0.04

-0.03

-0.02

-0.01

0

x (metres)
y (metres)

z 
(m

et
re

s)
 -

 F
 (

m
et

re
s)

  2-d alpha focus reconstructed over parabolic

f�acd>U-.0, 9 $ # 9 � ® ;�¶³J J[,DV0acd>I .�,DTDW<I-V�Z0.0U-TlZ�,DJ W r>,/.
Z�+[,w^tG<.0G<v�W<`babT�V�U-.�Y°G<T/,wV0+[W�*�I©acI´²td<U-.0,
9 $ #>#%$



TDW<I-V0acJ-,D.�,DJ©abI[J-,D^�,DI-J[,DI)ZgYk.0W>] Z�+[,w^-+tG<V�,�W<YjG<`c`�Z0+-,wW<Z0+-,D.�ac]�Gsd>,2V0G<]_^-`b,2^�W>acI)Z�V $ h�+[abV.0,/V0U-`�Z�VHabI Z�+-,_^-+tGsV0,�GsZ�,DG<TE+ ac]�Gsd>,�^�W<abI)ZHv�,/abI-d´G�J[,Dd>.�,D,�WsY\Yk.0,/,DJ-W<] YkW<.�Z0+-,_J-,DV�abd>IG<I-J�G<I�j�,DG<V0ac,D.8kNJ-,/V0acd>I�^-.0W>v[`b,D] $h�+-.0,/,�Gs.0.�G���V�a��/,DV�*\,/.0,�T/W>I-V�abJ-,/.0,DJ�*�acZ0+K; + ; 	 � + � G<I-J´»1+©»Nab]�G<d>,
^�W>acI)Z�V�`�G<acJW>U[Z@W>I´GN.0,Dd<U-`�G<.�d<.0abJ $ h�+-,�*�W>.0¿qabI[d�J-acV�ZEGsI-TD,gYkW>.@G<`c`�Z�+-,/V0,2J-,DV�abd>I-V�*\G<V
¼ $ A�]RG<I-J�Z�+-,IqU-]wv�,D.�W<Y¸+-W>`cW>d>.�Gs]	^-a�¹%,D`cV�*\G<VXA�;s»
+2A�;<» $ h�+-,X+-W<`bW>d>.0G<]	J-,/V0abd<I-V�G<I-J�.0,DT/W>I-V�Z�.0U[T/Z�acW>I-VG<.�,\V0+[W�*�INacI�²td>U-.�,DV 9 $ #<& 	 9 $ 9<¼�G<I-J 9 $ 9[A $ h�+-,�V�a��D,\W<YtZ�+-,\^�W>acI)Z�V�acI�Z�+-,\.0,DT/W>I-V�Z�.0U[T/Z�acW>I-VabV2J-,/Z0,D.�]�acI-,DJ�v)� Z0+-,�M �RW<Y�Z�+[, ,DI)Z�ac.0, +[W>`bW>d<.�G<] " V�,D, 
 ,/T/Z0abW>I 9 $ A $ A (l$ h�+[abVw]�G��%v�,TDW<IqZ0.�G<V�Z�,/J�*�acZ0+�Gs.0.�G��OV\WsY `b,/I-V0`c,/Z0VoZ0+tGsZj]�G �_Gs`bV0W�v�,PU[V0,DJ�Z�WH^-.0WOJ-U-T/,
G<.�.�G��OV�WsY ^�W>abI)Z�V $® I Gs.0.�G�� W<Y@`b,DI[V0`b,lZ�VwJ[acrOabJ-,/VwZ�+-, *�+[W>`b,�Gs^�,/.�Z�U[.0,�abI)Z0W Z�+-,�.�,DpqU-ab.�,DJ IqU-]wv�,D.�W<Y@V�U-v%¶G<^�,D.�Z�U-.�,DV�,DG<TE+iW<Y�*�+-abTE+ TDW>I)ZEGsabI-V2G´V�]�G<`c`�`b,/I-V " G´`c,DI-V�`b,/Z ( U[V0,DJµZ�WK^[.0WOJ-U-TD,�G´V�abI-d>`c,^�W>abI)Z $ h�+qU-V�YkW>.�G<I¦G<.0.0G�� W<Y@`c,DI-V�`b,/Z0V�Z�+[, ]�W<.0, ^�W>abI)Z0V�Z�+tG�ZNG<.0,�.0,DpqU-ac.0,/JiZ�+-,�`bG<.0d>,/.

Computer generated hologramArray of lenseletsf�acd>U-.0,.9 $ # 4 � e�ac��,D.�,DI)Z�G<^�,D.�Z�U-.�,DV�W>^�,D.0GsZ�acI-d�YkW>.�G�T/W>]�^[U[Z�,/.�d>,DI-,/.�GsZ0,DJ�+-W>`cW>d>.0G<]�U[V0,DJZ�W�^-.0WOJ-U-T/,�G<I-J G<.�.�G��´W<Yo^�W<abI)Z�V
G<I-J G<I©Gs.0.�G��´W<Yo`b,/I-V0`c,/Z0V�U-V0,/J Z�W�^-.�W%J[U-TD,�GsI-J G<.0.0G��W<Y�^�W<abI)Z�V $
Z�+[,�ab]�G<d>,@^�W<abI)ZXV�^-.0,DG<J�YkU-I-T/Z0abW>I�d<,/Z�V " YkW>.\Z0+-,�V0G<]�,PZ�W<Z�G<`�Gs^�,/.�Z�U[.0, (º$ h�+OU[VXZ�+-,gac]�G<d<,,DI[,D.0ds��abV�V�^-.0,DG<JKW r>,/.@G_d>.�,�GsZ0,D.�G<.�,�G_G<I-J�Z�+[,Hac]�Gsd>,�abI)Z0,DI-V�acZ³��acV�.0,DJ[U-TD,/J $ftW>.�G_T/W>]_^-U[Z�,/.�d>,DI-,/.�GsZ0,DJ´+-W>`bW<d>.�G<]�^-.0WOJ-U-T/abI-d�G�.0,/d>U-`�Gs.PGs.0.�G���WsY�M +©M ^�W>acI)Z�VZ�+[, ^�,DG<¿ abI)Z�,/I-V0a�Z³�iW<Y�Z0+-, ^�W>abI)Z�V�]�G��µv�, ,º¹%^�,/T/Z�,/J�Z�W rsG<.�� G<V A 9DM � $ ftW>.�G<I G<.0.0G��W<Y�`b,/I-V0`c,/Z�V�*�a�Z�+�Z�+-,�V�Gs]�,gZ�WsZEG<`¯G<^�,D.�Z�U-.�,�V0a��/,HZ0+-,�^�,DG<¿�abI)Z0,DI-V�acZ³��]�G���v�,�,º¹[^�,DTlZ�,/JKZ�WrsG<.�� G<V�A�9DM '

�\W>]_^-U[Z�,/.�d>,DI[,D.�G�Z�,DJ¦+-W>`cW>d>.0G<]�VwG<.0,�I-WsZNV0U-a�ZEG<v-`c, YkW>.wV�W>]�,�G<^[^-`bacT�GsZ0abW>I-V�	�YkW>.�acI%¶V�Z�G<I-T/,wG<V�*XG�r<,/Yk.0W<IqZ
V0,/I-V0W>.�V �X: 	�G<VP,DG<TE+ ac]�G<d<,g^�W>acI)ZPT/W>I)ZEG<acI-V@abI[YkW>.�]�G�Z�abW<I�.0,D`bGsZ�acI-d�Z�WZ�+[,�,/IqZ0ab.�,�Gs^�,/.�Z�U[.0,N*�+-,D.�, G<V�Z�+-,_ab]�G<d>,�^�W>acIqZ0V�d>,DI-,/.�GsZ0,DJ Yk.0W>] G<IµG<.�.�G�� W<YX`c,DI-V�`b,lZ�VW>I-`��iT/W>I)ZEG<acI¦acI[YkW>.�]�GsZ0abW>Iµ.0,/`�GsZ0abI-d Z0W Z0+-,Dac.�W *�I5V�U-v:G<^�,D.�Z�U-.�, $ ® ^-^-`bacT�GsZ0abW>I[V�*�+-abTE+*�W>U-`bJKv�,/I-,/²-Z
Yk.0W>] Z�+[,wU-V0,�W<YoTDW>]_^-U[Z0,D.Pd>,DI-,/.�GsZ0,DJ©+-W<`bW>d>.0G<]_V@Z0W d>,DI[,D.�G�Z�,wGs.0.�G��OV�W<Y^�W>abI)Z�V�.0GsZ�+-,/.�Z�+tG<IKG<.0.0G��%V@W<Y�`b,DI[V0`b,lZ�V�abI[TD`bU[J-,�W>^[Z�acT�G<`±acI)Z�,D.�TDW>I[I-,DTlZ�V�GsI-J´W<^[Z�acT�G<`±T/`bWOTE¿J-acV�Z�.�abv-U%Z�W>.�V $h�+-,H+-W>`bW<d>.�G<]�J-,DV�abd>I[V@acI�Z0+-abV�V�,DT/Z0abW>I´G<.�,HV�,D`�Y�¶·YkWOTDU-V�abI-d_G<I-J�.0,/pqU-ab.�,2I-W�G<J-J[acZ�acW>ItG<`W>^[Z0abT/V $ h�+[,/�w]�G��wGs`bV0Wgv�,\Z�G<ab`cW>.0,/J2Z�W�Z0+-,�V0^�,DT/ac²tT\abI-^-U%Z�ab`c`bU-]_abItG�Z�abW<I�G<I-JwZ�+qU-Vo^-.�W r%acJ-,G<I�,/r<,DI´abI)Z�,/I-V0a�Z³��G<.0.0G���W<Y�^�W>acI)Z�VXYk.0W<] U-I-,lr>,/I ab`c`bU-]_abItG�Z�abW<I $f�abd<U-.0,�9 $ # »HV�+-W *�V�G2V�T�GsZ�Z�,D.�^-`bWsZ\W<Y�Z�+-,PabI)Z�,/I-V0a�Z�ab,/V\G�Z�Z0+-,�ab]�G<d>,�V0G<]_^-`b,@^�W<abI)Z�VoYkW>.Z�+[,�Z�+-.�,D,�Gs.0.�G��´J-,DV�abd>I[V $ � Z�TDG<I©v�,wV0,/,DI©Z�+tG�Z
Z�+[,wabI)Z�,/I-V0a�Z�ac,DV�Gs.0,w+-acd>+-`���U-I-acYkW<.0] G<I-JZ�+-GsZ2Z0+-,�acI)Z�,DI[V0acZ³� acV2acIqr<,D.�V0,D`�� ^-.0W>^�W>.�Z�abW<ItG<`�Z�W�Z�+-,�IqU-]wv�,D.�WsY�ab]�G<d>,NV�Gs]�^-`c,N^�W>acI)Z�VG<V�,l¹%^�,DTlZ�,DJ $ h�+[,2V�ZEG<I-J-G<.0J´J-,/rOa�G�Z�abW<I´W<Y�Z�+-,HabI)Z0,DI-V�acZ³��GsZ@Z�+[,2ac]�G<d<,�V�G<]_^-`c,H^�W>acIqZ0V�abV`b,/V0V\Z0+tG<I�W>I[,�^�,/.0T/,DI)Z�W<Y±Z�+[,�]�,DG<I�ab]�G<d>,@V�Gs]�^-`c,
acIqZ0,DI-V�acZ³�_YkW>.\,DG<TE+�J-,DV�abd>I $ � Z�T�G<I�v�,V0,/,DI�Yk.0W<] ²td<U-.0,/V 9 $ #s& 	%9 $ 9>¼�G<I[J�9 $ 9%A�Z�+tGsZ\Z�+-,�V�a��/,gW<Y±Z�+-,gac]�Gsd>,
^�W>abI)Z0V\abV � 2���.0,/`�GsZ0,DJZ�W�Z0+-,�IOU[]wv�,/.�W<Y�^�W>acIqZ0V $
� ��� ` f �I?&TLO �����eTLU�KYbcTLJBJ 
@T-xLH�V USF\JRKdCSH�J&CSFLU[`



® VXZ0+-,g^-+tG<V�,�GsZXZ0+-,gab]�G<d>,PV�G<]_^-`b,
^�W>acI)Z�VXTDG<I�v�,gT/W>I-V�abJ-,/.0,DJ�acI-J-,D^�,DI[J-,DI)Z@W<Y�,�G<TE+W<Z0+-,D.�Z�+[, ^-+tGsV0,µGsZK,DG<TE+x^�W>acIqZ�]_abd>+)Z�v�,µ,º¹%^�,/T/Z�,/J}Z�W¦v�, .�GsI-J-W>] $ h�+-,µJ-a�Gsd>.�G<]V0+[W�*�I acIK²td>U-.�, 9 $ 9);�V0+[W�*�VgZ0+-,�V0ac]wU-`�G�Z�,DJ´.0,/TDW>I-V�Z�.�U-T/Z0abW>I W<YoZ�+[,�» + » G<.0.0G�� J-,/V0abd<I�	V0U[^�,/.0ab]_^�W>V0,/J�W r>,/.\,DG<TE+�V0G<]�^[`b,�^�W<abI)ZoabV�G<I�G<.0.�W�* $ h�+-,
`c,DI-d<Z0+�WsY�Z�+[,
G<.�.0W *:acI-J-acT�GsZ0,DVZ�+[,�abI)Z0,DI-V�acZ³�KGsZ
Z0+-,�ac]�G<d<,2V0G<]�^[`b,H^�W>acI)ZP*�+-ac`bV�Z�acZ0VPJ[ab.0,/T/Z0abW>I´abI-J-acT�GsZ0,DV@Z�+-,w^[+tG<V0, $ � ZT�GsI�v�,gV0,/,DI�Z�+tG�ZXZ�+-,gJ[ab.0,/T/Z0abW>I�W<Y¯Z0+-,�G<.0.�W *�V@J[W%,/V�G<^-^�,�G<.�.0G<I-J-W>]�	%*�+[ab`b,PZ�+-,g`c,DI-d<Z0+-VW<Y�Z�+-,HG<.�.0W *�V@G<.0,�r<,D.��´I[,�G<.�`c��Z0+-,�V�G<]_,�G<V�,�GsTE+KW<Z0+-,D. $
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f�abd<U-.0, 9 $ # » � � ]�G<d<,gV�G<]_^-`b,gacI)Z�,DI[V0acZ³��YkW>.@G<.0.0G�� J-,/V0abd<I-V $
%��M% (¦�w¢�¨/��¡o¢�¤
� ª�� « ¬ «g£�¢��_¤ ª�� ª�� « ¢�¤©�©§Kª�¢D¨�¨�§©� ¢�¤ �Hª�¢D�_¤
® Vj]_,DI)Z�acW>I-,DJ�abI_^-.0,lrOabW>U-V�TE+tG<^[Z0,D.�V�Z�+[,
J-ac.0,DTlZ�¶·V0,�Gs.0TE+�]_,/Z0+-WOJ G<`c`bW *�V�ZEG<ac`bW>.�abI-d�WsY±,�G<TE++-W>`cW>d>.0G<] J-,/V0abd<I�Z�W2Z�+-,PabI-T/abJ-,/IqZ�ab`c`bU-]_abI-GsZ�acW>I $ h�WwJ-,/]�W>I[V�Z�.0GsZ�,@Z�+-acVjZ0+-,
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Design: plane, illumination: plane
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Design: plane, illumination: Gaussian
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Design: plane, illumination: Gaussian
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Design: Gaussian, illumination: Gaussian

f�acd>U-.0,.9 $ 9 9 � ��`bWsZ�W<Y¯Z�+-,gacI)Z�,DI[V0acZ³��G<`cW>I-d�Z0+-,g`bacI-,
W<Y¯Z0+-,�G<`b^[+tG�V0+-G<^�,/V�V0+-W *�I�abI�²td<U-.0,
9 $ 9 #%$
abV�T/`b,�Gs.HYk.�W>] ²td>U-.�, 9 $ 9 9�Z�+tG�ZHZ�G<ab`cW>.0acI-d Z�+[,�J-,/V0abd<IµZ�W�Z�+[,�abI[TDabJ[,DI)Z�ac`b`cU-]�acItGsZ0abW>I´T�G<Iab]_^-.�W�r<,�Z�+[,wpqUtG<`ba�Z³�KWsYjZ0+-,�.0,/TDW>I[V�Z�.�U-T/Z0,DJ ab]�G<d>,/V $ h�+-abV
J-W%,/VgI-W<ZgacI-TDU[.gG�V0abd<I-ac²tTDG<I)ZG<J-J[acZ�acW>ItG<`�G<]_W>U-I)Z�W<Y�TDW>]_^-U[Z�GsZ�acW>I $
%���� ���_� � �w¡o¢�£���¤ �N¥�����«g¬ �tª��w¡ �N«
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h�+-acV�V�,DTlZ�abW<IxTDW<]�^tGs.0,DV�²[¹%,/J%¶·Z�G<.0d>,lZ GsI-JuV�ZEGsZ0,l¶�r<Gs.0a�Gsv-`b,©T/W>V�Z�YkU-I-TlZ�acW>IuJ[ab.0,/T/Z�¶³V0,DG<.0TE+]_,/Z�+[W%J-V $ h�+-,�.0,DV�U-`cZ0V
YkW>.�Z�+-,2²[¹%,DJ%¶�ZEG<.�d>,/ZgT/W>V�ZPYkU-I-TlZ�abW<I©G<.0,2V0+-W *�I abI 
 ,DTlZ�acW>I 9 $��[$ A 	^tG<d<, & A�G<I-J�Z�+[,�.�,DV�U-`cZ0VwYkW>.�Z�+[,�V�ZEGsZ0, rsG<.0abG<v-`b,�TDW>V�Z�YkU-I-T/Z0abW>I Gs.0,�V0+[W�*�I5abI 
 ,/T/Z0abW>I9 $��[$ ; 	¸^tG<d>, &)#%$ h�+-acV
V0,/T/Z0abW>I acVPacI)Z�,DI[J-,DJKZ0W�T/W>]�^-G<.0,�Z�+-,2.0,/V0U-`�Z�V
WsY�Z�+-,HZ³*\W�]�,lZ�+-WOJ-V



G<I-JµZ�WKac`b`cU-V�Z0.�GsZ0,NZ0+-, ^-.�W>d>.�,DV0V2Z�+tGsZ2+tG<V�v�,/,DI�]�G<J-,_V0abI[TD, TE+tGsI-d>abI[d´Yk.0W<] Z0+-,�U[V0, W<Y²[¹%,DJO¶·ZEGs.0d>,lZPT/W>V�Z�YkU-I[T/Z�acW>I-V $S W<Z0+´Z�+[,2J-,/V0acd>I-V@V0+tG<.�,DJKZ0+-,HV�G<]_,�J-,DV�abd>I´^tG<.�Gs]�,lZ�,D.�V 	¸vtG<V�abT2G<`bd<W>.0a�Z�+-]�G<I-JKG<`bd>W�¶.0a�Z�+-]�J-,DV�abd>I $h�+-,H.0,DV�U-`cZ0VP^[.0,DV�,DI)Z�,/J©abI�Z�+[abV�V0,/T/Z�acW>I´YkW<.�Z0+-,g²[¹%,DJ%¶�ZEG<.�d>,/ZPTDW<V�Z@YkU-I-T/Z0abW>I�.0,/^-.0,/V0,/IqZZ�+[,�j�v�,DV�Z k .�,DV�U-`cZ0VPZ�+-GsZ
T/W>U-`cJKv�,2YkW>U-I[JKv)�´G<J���U-V�Z�abI[d�Z�+[,2ZEGs.0d>,lZPrsG<`cU-,�GsI-J .0,/^�,DGsZ�acI-dZ�+[,�W>^[Z�ac]�acV�GsZ0abW>I[V " V0,/, 
 ,DT/Z0abW>I 9 $��[$ A (l$ e�,/Z0,D.�]�acI-abI-d_Z�+-,�W<^[Z�ac]�G<`¯rsG<`bU[,wW<YoZ�+-,wZ�G<.0d<,/ZZ�WOW>¿�V0,/r<,D.0G<`¯W>^[Z�ac]�acV�GsZ0abW>I[VXG<I-J�rsG<.�ab,DJ�*�a�Z�+�,�G<TE+�abI-J[acrOabJ-U-G<`�J-,/V0acd>I $h�+-,�.0,DV�U-`cZ0VN^-.0,/V0,DI)Z0,DJ:acI Z0+-abVNV�,DT/Z0abW>I YkW>.wZ0+-,�V�ZEG�Z�,l¶�rsG<.0abG<v-`b,/V�TDW>V�ZNYkU-I-T/Z0abW>I " V�,D,,DpqUtG�Z�abW<I 9 $ A>A ( *�,D.�,�YkW>U-I-J�U-V�abI-dwZ0+-,gTDW<V�Z�vtGs`�G<I-T/abI-d�^tG<.�Gs]�,lZ�,D.�V �_G<I-J ��V0,/Z�Z0W_;wG<I-JAg.0,/V0^�,DTlZ�acr<,D`�� $ � Z�+tG<VXv�,D,/I�YkW<U-I-J Z�+-GsZ�Z�+-,/V0,�rsG<`cU-,DV�^-.�W%J[U-TD,g.�,D`babG<v-`c,P.�,DV0U[`cZ�VXYkW<.X]�W<V�ZJ-,/V0abd<I�^[.0W>v-`c,D]_V " V�,D, 
 ,DTlZ�abW<I 9 $ �[$ ; (º$h�+-,�²-d>U-.0, 9 $ 9 4 V�+-W *�V�Z�+-,�J-,DV�abd>I[V 	>.�,DTDW<I-V�Z0.0U-TlZ�abW<I-V�G<I[Jw`bacI-,oabI)Z�,/I-V0a�Z�ab,/V�]�G<J-,jU-V�abI-d²[¹%,DJO¶·ZEGs.0d>,lZ�G<I-J V�ZEGsZ0,l¶�r<Gs.0a�Gsv-`b,/V
TDW<V�Z�YkU-I[T/Z�acW>I-V $ h�+-,�`bacI-,HabI)Z�,/I-V0a�Z�ab,/V
V�+-W *�I acI´²td<U-.0,
9 $ 9 4 G<.�,
ZEG<¿s,DI�Yk.0W>] Z�+-,gW<^[Z�ac]�acV�GsZ0abW>I�G<`bd<W>.0a�Z�+-] G<I-J�TDG<`bT/U-`�G�Z�,DJ�G�Z�Z�+-,gac]�G<d<,
V�Gs]�^-`c,^�W>abI)Z�TDWOW>.0J-acItGsZ0,DV $ h�+[,�`bacI-,
acIqZ0,DI-V�acZ³�NYkW>.jZ�+-,
²%¹[,/J%¶·Z�G<.0d<,/Z�T/W>V�Z�YkU-I[T/Z�acW>I J-,/V0acd>I V0+[W�*�VTDW<I-V0acJ-,D.0G<v-`c��]_W>.0,HI-W>acV0,HZ�+tG<I´Z�+-,2J-,DV�abd>I ]�G<J-,2U-V0acI-d V�ZEGsZ0,l¶·rsG<.�a�G<v[`b,DV�T/W>V�Z�YkU[I-T/Z0abW>I-V $
� Z�G<`cV0Wi+-G<V�V0,lr>,D.0G<`g.0,/d>abW<I-V�*�+-,/.0, Z�+[,©abI)Z�,/I-V0a�Z³�:J-.�W>^-V�TDW<I-V0acJ-,D.0G<v-`c��	�Z�+-,/V0, G<.0,KI-W<Z^-.�,DV0,/I)Z�abI�Z�+[,�J-,/V0abd<IK]�G<J-,�U-V0acI-d GNV�Z�GsZ�,º¶·rsG<.�a�G<v-`c,DV�TDW<V�Z
YkU[I-T/Z0abW>I $ h�+-,DV�,�.0,/d>abW<I-V
Gs.0,r>,/.��©I-G<.0.�W�* 	±Z³�O^-acT�G<`c`c�´G�V0abI[d>`b,wV0G<]_^-`b,wV�^tG<T/abI-d�G<T/.0W>V�V 	�G<I-J G<.�,�^-.0W>v-G<v-`c�KT�G<U[V0,DJ v)�^-+tGsV0,�J-abV�TDW>I)Z0abIqU-acZ0ab,/V�G<`bW>I[dwZ�+-,�`bacI-, " V0,D, 
 ,/T/Z�acW>I 9 $��[$ � 	-^tG<d>, & 4<(l$
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V0ab]�U-`�GsZ0abW>I[V�W<Y¯Z0+-,gJ-,DV�abd>I[V�*�+[abTE+�*\W<U-`bJ�I-W<ZX^�,/.�YkW>.�]�*�,D`b` G<V�W>^[Z0abT�Gs`TDW<]�^�W>I-,/IqZ0V $ h�+-acV�abV�W<Y{Z0,DIQJ-U-,©Z0W Z0+-, U-V0, W<Y�ftW>U-.�ab,D.�Z�,DTE+[I-abpqU-,/VKG<I[JBU[I-.0,DG<`bacV�Z�acT]_W%J-,/`bV $ h�+-,\U-V0,�W<YtZ0+-,\Y°G<V�ZoftW>U-.�ab,D.¯Z�.0G<I-V�YkW>.0] ]�G��HV�G�r<,@T/W>]_^-U[Z�acI-dPZ0ab]_,�a�YtZ�+-,\J-,DV�abd>IV0^�,DT/ac²tTDGsZ�acW>I-VgGs.0,�.0,/V�Z0.0abTlZ�,/J v[U[Z 	±U-I[`b,DV�V�Z�+-,wZ0,DTE+-I[abpqU-,NabVgU-V�,DJ©*�acZ0+ T�G<.�,�	¯G<J-J[acZ�acW>ItG<`V0^�,DTE¿q`c,�I-W<abV0,_abV�`cab¿<,/`c�´Z�WKWOTDT/U-.g*�+-,DIµZ�+-,_J-,DV�abd>I[V�G<.�,�W<^[Z�acT�G<`c`c�´.0,DT/W>I-V�Z�.0U[T/Z�,/J $ � ZHabVTD`c,�G<.�Z�+tG�Z�Z�+[,X^-.0W<v-`b,/] WsY¸ab]�G<d>,jV0^�,DTE¿q`b,�+tGsV�I-W<Z�v�,/,DIwZEGsTE¿O`c,DJNG<J[,DpqUtGsZ0,D`c�HYkW>.�]�,lZ�+-WOJ-VV0U[TE+ G<V�^-.�W���,DTlZ�acW>I´W<I�T/W>I-V�Z�.�GsabI)Z�V $h�+-abVjZ�W>d<,/Z�+[,D.�*�a�Z�+�Z0+-,
acI�:t,º¹[acv-`b,@J-,/V0abd<I .0,/V�Z�.0G<abI)Z0V\ab]_^�W>V0,/J�v)��Z0+-,
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 ab]�U-`�GsZ0,DJ_G<I-I[,�G<`cabI-d2G<I-J�d>,DI-,lZ�acT
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