
��������� �
	���
������������ ���������

����� �"!#�$�%�'&(��� �"�)�)* +-,.�"/ �"���10

243658789;:=<>7
?A@4B�C>D6B
D6EF@%GHD6I�EFJ>C>K�G�J�LMD6INDPORQ"BRQSLTC#DPO�@HUT@HVW@HIXJ>E1DSOYQPIZJ�@HI�IRQ[QSC>C�Q=\P]SJ�D"J�@HEFJ^J�_�@4`�@aEFLTb6I

DSOcQd`eLTEFJ>C>LMf�KeJ�@H`gI�@HJih%D6CFj�DPO%QPIZJ�@HI�IRQPE�J>Dkfl@�K�EF@a`mLTI�`eLMn�LT`�K�QPUTUo\pQPE�@a`eK�G=QSJ>LTD6I�QPU1J>DqD6UME
OrDPC[_�LMb6_)EFG._�DqDPUTE�QPIe`gGaD6UMUT@abP@aEsQPI�`tQPE�QWGaD6VufeLTI�@H`gQPC>C>Q=\vOrD6CsE>GHLT@aIZJ>LMwRGaQPUTUo\pVWDPJ>LMnSQSJ>@a`
CF@aEF@=QPCFG._yx{z|_�@4fRQPEFLTG}`�@aEFLTb6I~GaD6IeGa@aBqJ LME^EFLTV�LTUTQPClJ>D"J>_�@c��D�h��RC>@H�XK�@aI�G�\��[C>C>Q=\W���^���q���s�
`e@aE>LMb6I$@��qGa@HBeJ[J>_RQSJ�J�_�@�LTIqOrC�QPE�J�C>KeGHJ�KeC>@�GaD6E�J�EsQPC>@�C>@H`�K�Ga@H`�fZ\pK�E>@�DPO @��qLTE�J�LTIebWLMIXJ>@aCFI�@HJ
GHD6I�I�@HGHJ>LTD6I�E}OrD6C�J�C>QPI�EFVWLME>E>LMD6I�DPO#QPCFC�Q=\�`RQ�J.Q�J>D~GHD6C>CF@aUTQSJ�D6CFEax1z|_�@�QPCFC�Q=\�h%D6K�UT`�D6B
@aC>QSJ�@
LMIgJ�_�@$���6�kJ�Dv�6�6�v�)�s��C�QSI�b6@P]1QPI�`�QPIZJ�@HI�IRQv@HUT@HVW@HIXJ>E�h%D6K�UM`�GHD6I�E>LMEFJ�DPOcB�_RQPEF@a`�K�B
QSC>C�Q=\�E�DSO�`�LTB
D6UT@HEax��}QPG._�@aUM@aV�@aIZJ�h%D6K�UM`�QPUME>DAGaD6I�EFLTE�JkDPO�Q�IXK�VNfl@HC�DPO� �¡e¢£f�QPE>@H`
BeC>D�Ga@aEFE>D6CFEuOrD6CNBe_RQPE>LMI�b�DPO�@HUT@HVW@HIXJ>ENJ�DgB
D6LMIXJ~J�_�@dQPIZJ�@aIeIRQgQPI�`�OrD6C~`RQSJ�QgQ�nP@aC>QPb6LTIeb�]
BeK�UTE>QPC|`�LTEFBl@HC>EFLTD6I$QPI�`$QPKqJ�D�GaD6CFC>@aUTQSJ�LMD6I�OrD6C|BeC>D�`�K�GHJ>LTD6IpDPO1E>B
@aG�J�C>Qex

¤u¥�¦�§y¨Y©«ª
¬1­^®

�¯U°QPCFb6@%IXK�VNfl@HC{DPOYE>GHLT@HIXJ>LMwRGaQPUTUo\�LTIZJ�@HC>@HEFJ�LMI�b�@��qB
@aCFLTV�@aIZJ�E{_�Q�nP@|fl@H@aI�B�CFD6B
D6E>@H`uOrD6C1J>_�@�¡q�XKRQPCF@
±�LTUMD6VW@�J�@HC²�[CFC�Q=\W��¡q±����yQPI�`~��D«h³�YCF@a�XK�@HI�GH\��sC>C�Q=\�Ec���^���q���s��]af�KeJ#J�_�@4EF\�E�J�@aV´V�D�`�@aUPOrDPC#J>_�@aEF@
LTIeEFJ�CFK�V�@aIZJ�E}_RQPE�f
@a@HIWDPC>LT@HIZJ�@a`�J�D�hcQPC>`eE%Q�`�@H`�LTGaQSJ�@H`�O�QSGaLTUMLMJi\�h�LMJ>_�E>B
@aGaLTQPUR_�LMb6_�E>B
@a@H`�`RQSJ�Q�UTLTIej�E
QPI�`vQuJ�@HG._�I�LTGaQPU�EFJ�QSµgJ�D�EFK�B�B
D6CFJ�J�_e@aE>@~QPG�J�LMn�LoJ�LT@HEax

?A@"B�C>D6B
D6EF@sQ�EF\�E�J�@aV¶J>DNQPG._eLT@HnP@sEFLTV�LTUTQPC EFGaLT@HI�Ga@"b6DZQSUTE}QPE%�^��������QSI�`k¡e±��~]Zf�KeJ}n�L°Q�Q�V�D6C>@
`�LMEFJ�CFLTf�KqJ�@a`�`�@HnP@aUTDPB�VW@HIZJ�B�C>DPb6C�QPV$]#h�LMJ�_�@=QPG._³@HUT@aV�@aIZJNDPO|J�_�@W·iIZJ�@aCFI�@HJ��sIZJ�@aIeIRQgQPC>C>Q=\mJ>D�f
@
_�D6E�J�@H`�fZ\�Q�_�LTb6_vE>G._�D�D6U^D6C"K�I�LMnP@aCFE>LMJi\Pxs¸}@HCF\$LTV�BlDPCFJ.QSIXJ"GHD6UTUTQPflDPC�QSJ>LTD6IpQPIe`)C>@HE>@aQPC>G._gEFj�LMUTUMEsGaQPI
f
@�@�µ²@HGHJ>LMn6@HUM\k`eLTE>EF@aV�LTIRQ�J�@a`pfZ\dJ>_�LTE�B�CFD6b6C�QSVvx

��K�C~wRC>E�J�EFJ�@HB�LTI�`�@�n6@HUTD6B�V�@aIZJ�DPO|J>_�@k·iIZJ�@HC>I�@�J��[C>C>Q=\�LTE~J�_�@dLMVWBeUT@aV�@aIZJ�QSJ�LMD6IADSO[QvBRQPLTC~DPO
@aUM@aV�@aIZJ�E�DSO%J>_�LTE�QSC>C�Q=\Px���K�C�b6DZQSUTE�QPCF@uJ�_RQ�J�J�_�@HE>@�wRC>E�J�@aUM@aV�@aIZJ�E�h%D6K�UM`mf
@�`�LMEFJ�CFLTf�KqJ�@a`gD�nP@aC�Q
E>VWQPUMUqb6@HD6b6C>QPB�_�LMG=QPUeQPC>@aQ�QSI�`�_RQ=n6@�D6I�Uo\uQ�Or@�h¯UMD«h¹GHD6EFJ4GaDPVWB
D6I�@HIXJ>Eax��#QSJ>@aC{BeC>D�ºF@HGHJ�E�h%D6K�UM`�_�Q�nP@
Q�U°QPCFb6@aC|IXK�VNfl@HC"DSO{QPIZJ>@aI�IRQ�@aUM@aV�@aIZJ�EHx

»



LOW
PASS

LOW
PASS

LOFAR style antenna
with equal cable length
to signal combiner
Element separation 2 m.

Schematic diagram of
Internet Array

Filter

Filter

element

Filter
Baseband
Converter

LO

System

Digital Signal Processor

A/D

A/D

Data Store

PC

Control

Spectra

Multipy

Correlate
Auto

Average

Internet

���r¨�������¦
	���
A¥�����¦$®������r¨l­�ª���ª
­���������
���­���ª����H­����X©�­�� �"!k­#����­1­#¥

�$�%
�&'���)(*����
���­��,+-�����r¨l­

z|_e@�EFLTV�B�UT@�QPIZJ�@aIeIRQ�EF\�EFJ>@aV `�@aEFLTb6IpLME�E>_�D�h�IvLTIdwRb6KeC>@��6x�z^DWQSG._�LT@�n6@�C>@aQPE>D6I�QPf�UT@�EF@aI�EFLMJ>LMn�LMJi\
C>@H�XK�LTCF@aE~Q$IXK�Vuf
@aC�DPOcE>LMb6IRQPUME[OrD6C>V `�LTB
D6UT@�QSIXJ>@aI�I�Q$@HUT@aV�@aIZJ>E�J>D$f
@WQP`�`�@H`mJ>D6b6@HJ>_�@aC�LTItB�_�QPE>@Sx
��I�@NEFLTV�B�UT@�QPBeB�C>DZQSG._�LTE"J�D�feK�LTUM`)Q�B�QPLTC"DPO�EF@HJ�E[DPO/.�`eLTB
D6UT@HEax"�}QPG._gDPO{J>_�@0.d`eLTB
D6UT@HE�h%D6K�UM`�f
@
QPCFC�QPI�bP@a`³LTI�QPI³@=QPE�J21�hc@HEFJ�UTLMI�@Px¹��¡q@a@d±�C>QPK�EuOrD6CNQ�`�LTEFGaK�EFE>LMD6I³DPO�`�LMBlD6UM@�B�_�QPE>@H` QSC>C�Q=\�E.� xtz|_�@
`�LMBlD6UM@u@aUM@aV�@aIZJ�E�h�LTUMU{f
@�EF@aBRQSC�QSJ>@a`�fZ\4365�QSJ�J�_e@W_�LMb6_�@HEFJ�OrC>@H��Ke@aI�G�\6xdz|_�LME�h�LTUTU1\qLM@aUM`AQpf
@=QPV
OrD6CuJ>_�@k`�LTB
D6UM@aENh�LoJ�_ ��7g �@ab6CF@a@dh�LM`eJ�_�LTI�J>_�@pIRQPCFC>D�h `eLTC>@HGHJ>LTD6Iyx�z|_�LTE�QPCFC�Q=\�h%D6K�UM`�fl@pK�EF@a`
QPE�QkJ�C�QSI�E>LoJ�LTI�E�J�C>KeVW@HIXJa]^h�LoJ�_AQg�W_�DPK�C�nqLM@Hh¶DSOcLMI�`�LMn�LM`�KRQPU{DPf�ºF@aG�J�EaxWz|_�LTE�QPIeb6K�U°QSC�C>@aEFD6UTKqJ�LTDPI
VWQSJ�G._�@HE|J�_�@�E>LM�a@�DPO^J�_�@�bZQSU°Q���\dCF@=QPEFD6IRQPfeUM\dh%@aUMU�QSJ�J�_�@HE>@�hcQ�nP@aUM@aI�bPJ>_�Eax

¢1QPLTCFE1DSOR`�LTB
D6UM@aE�hcDPK�UT`~fl@%GaD6I�Ie@aGHJ>@a`NJ>D�Q"VWL �e@HC^QPI�`��^�¯EF\�E�J�@aV-E>D"J�_RQ�J1J>_�@cBRQSLTC#DPORfRQSE>@af�QPI�`
E>LMb6IRQPU|h%D6K�UM`�fl@pOr@a`¯LTIZJ�DA`�LTb6LoJ.QPU|EFLTb6I�QPU�B�C>D�Ga@HE>E>DPC��[I�QPUTD6bmJ�D� �LTb6LoJ.QPU98cDPIXnP@aC�J�@aCFEax z1QPI�QSI�`
��D6_�I�@HCp����@HO��«��_RQ=n6@kE>_eD«h�I³J>_RQSJ�QvE>LTV�B�UM@W`�LMBlDPUT@�`e@aE>LMb6I�h�LoJ�_³QPG�J�Lon6@-:c�91;��;=< G=QPI�QPG._eLT@HnP@
QPIZJ�@HI�IRQ�J�@HVWB
@aC>QSJ�K�CF@aE�E>VWQPUMUT@aC%J�_RQPIt���P��± LTIdJ�_eLTE|OrC>@H��Ke@aI�G�\pC�QPI�bP@Px

�(IXK�Vuf
@aCpDPON`�@aEFLTb6I�G._�D6LMGa@aE)QPC>@tB
D6E>EFLTf�UM@gOrD6CdJ�_�@A� LMUMJ�@HC?>@:cQPE>@A:�QSI�`B8cD6IZnP@aCFJ>@aCvEF\�EFJ>@aV$x
��@aGa@HIZJ�UM\W_�LMb6_�EFBl@H@a`pE�QPV�B�UM@aC>E%QPI�`p�1LT@aUM`�¢�CFD6b6C�QSVWVWQPf�UM@=C�QSJ>@[�[CFC�Q=\�E���� ¢DC��[E��4_RQ=nP@�GaD6V�@sJ>D
VWQPC>jS@HJ[J>_RQSJ�QSUTUTD�h J�_�@�QSIRQPUTDPb�LTV�B�UM@aV�@aIZJ.QSJ>LTD6IpDPO�J>_�LTEsE>K�feEF\�EFJ>@aV J>Ddfl@NC>@aBeU°QPGH@a`)h�LoJ�_gQWnP@aC�\
E @ �eLMf�UT@�`eLTb6LoJ.QPU^LTV�B�UT@HVW@HIZJ.QSJ>LTD6IvDPO%J>_�@uwRUoJ�@aCFEax,;"E>LTIebdJ�_�@HE>@W�{¢FC��sE�GaD6K�UM`mQPUTEFDpQPUTUMD«h-E�J�@a@HC>LMI�b
J�_e@~QSIXJ>@aI�I�Q�EFLTI�b6UM@�@aUM@aV�@aIZJ�fl@aQPV$x

G



� ¥���­�¦6¥���¦Z¬'�r¥����rª
­'�

z|_e@�K�EF@HOrK�UMI�@aEFENDPO%J�_�@�E>LMI�b6UT@�@HUT@aV�@aIZJ~QPE~QpJ>@aUM@aE>GHD6B
@WLME�`eLTE>GHK�E>EF@a`³I�@ ��J=xdz|_�@�QPIZJ�@HI�IRQ$h�LMUTU
_RQ=n6@~QPIp@Hµl@aG�J�Lon6@~QPC>@aQ�DSO��������
	A3�	 .�	 5�
=]�h�_�@HC>@��dLTE�J>_�@�@���GaLM@aI�G�\pDPO1J>_�@�E>LMI�b6UT@[@aUT@HVW@HIZJ
`�LMBlD6UM@Px1�[E>EFK�V�LTI�b���� ��� 7NQPI�`-5
�-���'J>_�@aIdJ>_�@[@�µ²@HGHJ�Lon6@�QSC>@=Q~DPO�J�_�@s@aUM@aV�@aIZJ�E%DPO�J�_�@[QPIZJ�@HI�IRQ
LTE�.��

�x

z|_e@~EF@aI�EFLMJ�Lon�LMJi\�J>D�Q�EFD6K�C>GH@�h�LMJ�_ E K��$`�@aI�EFLMJi\�� ��LTI��S\e��LTE
���
� � ���

3 � � .�	����"!"
$#
3�	��%� � &k��� !"
$' � �(� �6�q��.*),+"-�./�

z|_e@dC>V�ENI�DPLTE>@�UT@HnP@aU���±�@aUonqLMI�E.��OrD6CNQPI�D6f�EF@aC�nPQ�J�LTDPI�DPO�`�K�C>QSJ�LMD6I10W�rE>@aG=��h�LMJ>_�fRQPIe`eh�LT`eJ>_ :
���"����LTE32����4�658795:+<; =>0 ]�h�_�@aCF@���5?7@5cLME�J�_�@�EF\�E�J�@aV J>@aV�Bl@HC�QSJ>K�C>@Sx

<"DPJ�@}J�_�QSJ#J�_�@}E>@HI�E>LoJ�LonqLoJi\�DPO�J�_�@4@aUM@aV�@aIZJ�E^GaD6KeUT`�fl@}LTIeGaC>@aQPE>@H`NLMINQ�IXK�Vuf
@aC#DPO�E�J�C>QPLTb6_ZJ#OrD6C�h�QPCF`
VWQPI�I�@HC>Eax �[`�`�LoJ�LMD6IuDPO
`�KRQSU�BlDPU°QPCFLT�=Q�J�LTDPIN@aUM@aV�@aIZJ�E}QSI�`�LTI�GHC>@aQPE>LMI�b�J�_�@|IXK�VNfl@HC�DPO²Be_RQPE>@H`W`eLTB
D6UT@
@aUM@aV�@aIZJ�E�GHD6K�UT`pf
@�`�D6I�@�QSJ�UMD«h GaDPEFJ=x

���r¨BA$� �$��­#¨#� ��CN©«¥ED &1¬'� �a¥�©0& ¬��%� �GF2�8©«ª#
 H � �IA/JLK$��¥�§���­³¥���M�NONQPSRUTWV � ��	4��	���XOY(Z\[
���������a¦6ª#&/� ��­ � ¤^] ��� �`_6��©«¨#��­��r¥6acb=��¥e§ ��­�����­���� �ed ª#� ��	�� � & ¬��%� �fVN¥��m¨Y©��X¥����X©A��	^¥�­
g NONhNji/dOa

k



C~¥R­^®���®#¥���� � ¥�©«¨#� ���

� B�CFLTVWQPCF\�J.QSC>b6@�J|OrD6C�Q�EFLTI�bPUT@�@HUT@aV�@aIZJ�DPO1J�_�@�LMIXJ>@aCFI�@HJ"QPCFC�Q=\kLME�J�_�@�bZQPUTQPGHJ>LTG�BeU°QPI�@Sx

·iItJ�_e@�b6QPU°QPG�J�LMGNB�UTQPI�@P]#B�KeUTE�QSC>E�QPCF@�b6DqD�`gJ.QPCFb6@HJ>E�`�K�@�J�DpJ�_e@aLTC[LTI�GHC>@=QSE>LTIeb$feC>LTbP_XJ>I�@aEFE�QSJ�UTD�h
C�QS`�LTD�OrCF@a�XK�@HI�GaLM@aEax��£I�DSJ.QPf�UM@NJ.QSC>b6@�J�LTEsJ�_�@"8cC>QPfgB�K�UME�QPC[h�_eLTG._g@��q_�LMf�LMJ>E�b6LTQPIZJ�f�K�CFEFJ>E�����@HO 36��]
h�LMJ>_vfeC>LTbP_XJ>I�@aEFE����P�6�6� �S\pLTIpLTIe`�LMn�LT`eKRQPUyB�KeUTE�QSC"BeK�UTEF@aEaxcz|_�@~V�@aG._�QPI�LTEFV GaCF@=QSJ>LTI�b�J�_e@aE>@~b6L°QSIXJ
B�K�UME>@HE LTE1I�DPJ1K�I�`�@HC>E�J�D�Dq`y]Pf�KeJ J>_�@cbPL°QPIZJ^B�K�UME>@aE{QPC>@%DqGHGaK�C1QPB�B�CFD=�eLMV�Q�J�@aUo\�D6I�GH@c@HnP@aC�\d���6�P�"B�KeUTE>@HE
z|_�@|GHC�QPf�B�KeUTE�QSC B
@aC>LMDq`NLTE��6�sVWLMUTUTLME>@HGaD6I�`eE1QSI�`uJ�_�@cb6L°QPIZJ B�K�UTEF@�`�K�C>QSJ�LMD6IuLME{E>UMLTb6_ZJ�Uo\�b6C>@aQSJ�@HC J�_�QPI
��VWLMUTUMLTE>@HGaD6Ie`yx z|_�@�b6LTQPIZJ�B�K�UME>@aE�D�GaGHK�C"QPflDPKeJ�@HnP@aCF\v�6��EF@aGaDPI�`�Eax

z|_e@WQSIXJ>@aI�I�QkJ>@aV�Bl@HC�QSJ>K�C>@~OrD6C�E>KeG._�QdB�KeUTE>@�LME��/�1���S�6�6�W	A��� �6�e��.�� �=�k±�xlz|_�@�C>@H�XK�LTCF@a`
fRQPIe`eh�LT`eJ>_kJ�D�QPG._�LM@Hn6@�QuEFLTb6IRQSU²J�D�I�DPLTE>@�C>QSJ�LMDuDPO �	�$+%2��S� �=�NOrD6C|QPIpLTIe`�LMn�LT`eKRQPU
B�K�UTEF@�LTE�DPO^J�_e@
8cC�QSfvLME

= 	 0 � ���P��	���
58795
� 
� �

�RD6C�J�� �ex �6�e��EF@aGHD6I�`�EH]h��5?7@5 � ���P��±�]��/��� ����±�]eJ>_�@aI

= � ���6��	�����
.�6�6�
���6� 	 �

� �6�e� � �=��	���� #
���

z|_eLTE�fRQPIe`eh�LT`eJ>_�LTE�QSG._�LT@�nPQSf�UT@ch�LoJ�_�@ �eLMEFJ>LTI�b� �¡e¢tJ�@HG._�I�D6UMD6bP\6x1z|_�@|fRQPIe`eh�LT`eJ>_�C>@a�XK�LMC>@HVW@HIXJ>E
OrD6CWQPI�LMI�`�LMn�LM`�KRQPU� �¡e¢¶B�CFDqGH@aEFE>D6CdGaQPI�f
@)CF@a`�K�GH@a`�fZ\ _RQ=nqLMI�b³QmI�KeVufl@HC�DPO� �¡q¢ BeC>D�Ga@aEFE>D6CFE
h%D6C>jXLTIeb LMI BRQSC�QPUMUT@aU�x ¢�C>D�`�K�GHLTI�b Q�B�QPLTCgDPO�EF\�EFJ>@aV�Emh�LoJ�_-D6CFJ>_�D6b6DPIRQPU�B
D6U°QPCFLT�aQSJ�LMD6I�Evh%D6K�UM`
LTV�V�@a`�LTQSJ�@HUM\�C>@H`�K�GH@�J>_�@�fRQPI�`eh�LM`eJ�_$C>@H�XK�LTCF@aV�@aIZJ�EHx

<"DPJ�@�J>_RQSJ�J�_�@W �¡e¢F>P¢F8 E�\qE�J�@HV(EF_�D6K�UM`Af
@�G=QPBRQSf�UT@�DPOcf�Keµl@aCFLTI�bvQpOr@�h¶E>@HGaD6Ie`�ENDPO%`RQSJ�QvQ�J
J�_e@[_�LMb6_�@aE�Jc`�QSJ.Q�C�QSJ>@P]eEFD~J>_RQSJ�BeC>D�Ga@aEFE>LMI�b~J>DN`�@�J�@aG�J�J�_e@[B�K�UME>@HEcGaDPK�UT`WGaD6V�B�UT@�J�@"fl@�OrD6C>@�J�_e@[`RQSJ�Q
QPCF@NUTDPEFJ=x�z|_�@~GaD6V�B�KeJ>@aCsEF\�EFJ>@aV VNK�EFJsfl@NQPf�UM@�J>DdQPGHGaK�C>QSJ�@HUM\pJ�LMVW@�J.QPbW`RQSJ�QWE�QSVWB�UM@aE�J�Ddf
@HJFJ�@HC
J�_�QPI)�qxM��V�LTGaCFD�E>@HGaD6I�`eE[QPGHGaK�C>QPGH\Px

� E>@aGHD6I�`AQPC>@aQdDPO}E>GHLT@HIXJ>LMwRG�LMIZJ�@aCF@aE�J�LTE[LMIgVWDPI�LMJ>D6C>LMI�b�J>_�@uEFjX\)OrD6CsJ>C�QPI�EFLT@HIXJ�@�n6@HIXJ>EW����@HO%�Z��x
z|_�LME"Ji\�B
@uDPO{DPf�E>@HCFnSQSJ�LMD6I)GaQPI�f�CFLTI�b�`�LME>GaD�nP@aCF\vDPO�@ �qDPJ�LMG~I�@�h B�_�@HI�D6V�@aIRQdQSI�`)LMEsDPO{LTIZJ�@HC>@aE�JsJ>D
Qdf�CFDZQP`tGaD6V�VuK�IeLMJi\6x�? LoJ�_tQP`�`eLMJ�LMD6I�DPO4B�CFDqGH@aEFE>D6C�EF\�E�J�@aV�Ea]�J>_�@�LTI�`eLMn�LT`�K�QPU1@HUT@HVW@HIXJ>E�GaD6KeUT`gf
@
GaDPVuf�LTIe@a`AJ>D�b6Lon6@�b6DqD�`�V�D6I�LoJ�D6CFLTI�bpGHD«nP@aC>QPb6@�J>D�QvUTQPC>bP@�OrC>QPGHJ>LTD6ImDPO|J�_e@�E>jZ\Px :%\mUTLMI�jXLTI�bpJ�_e@
E>@HBRQPC>QSJ�@$@aUM@aV�@aIZJ�EH]cLTV�V�@a`�LTQSJ�@dGHD6IewRCFVWLMI�btD6f�EF@aCFnSQSJ>LTD6IeE�GHD6K�UM` f
@vVWQP`�@S]4h�LoJ�_¹VuK�G._ b6C>@aQSJ�@HC
E>@HI�E>LoJ�LonqLoJi\6x

�



�a­�����©�� �X©«ª#
�� ���X©,C0	#¥�� � ��­#¨#���

z|_e@�b6C>@aQSJ{EFGaLM@aIZJ�LowRGcB�CFD6V�LTE>@4DPO�J>_�LTE^Ji\�Bl@�DSOYQPIZJ�@HI�IRQ[h�LTUMUZfl@�QPG._�LT@�n6@H`�fX\~f�CFLTI�b6LMI�b�J�_�@%E>LTbPIRQPUTE
DPO~V�QSIX\¯LTI�`e@aB
@aI�`�@HIZJ)LMIXJ>@aCFI�@HJ$QPIZJ>@aI�IRQSE$J>D Q³GHD6VWV�D6I�GHD6C>CF@aU°Q�J�D6CHx z|_�@tE>GHLT@HIXJ>LMwRGtB�CFD6V�LTE>@
ºFK�E�J�LMw�@aEcJ>_�@�hcDPC>j�C>@a�XK�LMC>@H`pJ>DuD�n6@HC>GaDPVW@�QNIXK�VNfl@HC|DPO�J�@HG._�I�LTGaQPU²G._�QPUTUM@aI�b6@HEax4¡qDPVW@�LME>EFK�@aEch�_eLTG._
VuK�E�J"fl@�QP`e`�C>@HE>E>@H`gQPCF@ �

�g�sLMb6_�`RQSJ�Q�C�QSJ>@�GaDPVWVuKeI�LTGaQSJ�LMD6I�Eax´z|_eLTEdVWQ=\¯f
@�E>DPUMn6@H` fX\ J�_�@)V�QPCFjP@�J=]sQPE�J�_e@gLTIZJ�@HC>I�@�J
GHD6V�VuK�I�LMG=QSJ>LTD6I�E%C�QSJ>@aE�_RQ=n6@�EFJ>@=QP`eLTUM\�LTI�GHC>@aQPE>@H`yx

3N �LTE�J�C>LMf�KeJ>LTD6I�DPO#B�_�QPE>@�E�J.QPf�UM@[D6EFGaLMUTU°Q�J�D6CFEax 8cK�C>CF@aIZJ�LTI�@ �qBl@HI�E>Lon6@�GaUMDqG.j�D6EFGaLMUTU°Q�J�D6CFE4`eDuI�DPJ|_�Q�nP@
J>_�@�CF@a�XK�LTCF@a`kB�_�QPE>@�E�J.QPf�LMUTLoJi\�C>@a�XK�LMC>@H`pOrDPCcGaDP_�@aCF@aIZJ"Q=n6@aC>QPb6LMI�b�DPO#J�_�@[`RQSJ.Qqx{z|_�LTE|G._�QPUTUM@aI�b6@
VWQ=\�fl@)D«nP@aCFGaD6V�@)fZ\ K�E>@�DSO�E>B
@aGaLTQPU"B�_RQPEF@�EFJ�QPf�UT@�C�¢%¡¹fRQPE>@H`�OrC>@H��Ke@aI�G�\�EFJ�QPI�`RQSC>`�EdDPC
`e@Hn6@HUTD6BeVW@HIXJWDPO�E�\�EFJ�@HVWEWJ�DtJ�C�QSG.j¹BeK�UTE>QPC>E�J�LMVWLMI�b�x�¢�K�UME�QPCFEWBeC>D�n�LT`�@vVWD6CF@pB�_RQPEF@)EFJ�QPf�UM@
EFLTb6I�QPUTEcJ>_RQPIvQPIZ\kz^@aC>CF@aE�J�C>LTQPU�EFJ�QPI�`RQSC>`y]Yf�KeJ"I�D�E�\qE�J�@HV _�QPE|\6@HJsf
@a@aIvf�K�LMUMJ�J>D�J>C�QPIeEFOr@aC�J�_e@
BeK�UTE>QPC|B�_RQPEF@�J�D�Q�UMDqG.jS@a`$UTD�G=QPUlD6E>GHLTUMU°QSJ>D6CcE�\qE�J�@HVvx

���#QPC>bP@v`RQ�J.QABeC>D�Ga@aEFE>LMI�b�CF@a�XK�LTCF@aV�@aIZJ�EHx ¡�LTI�GH@vJ�_e@vwR@HUT`¯DSO�n�LT@Hh DSO�@=QSG._�DPO�J�_e@)LTIe`�LMn�LT`eKRQPU
@HUT@HVW@HIXJ>E�LTE[U°QPCFb6@P]yGHD6C>CF@aUTQSJ�@H`gE>LTbPIRQPUTE"h�LTUMU1f
@un�LTE>LMf�UT@~D�n6@aC�QkUTQPC>b6@�wR@aUM`gDPO}n�LT@Hh�]�CF@a�XK�LMC>LTIeb
B
D�hc@HCFOrK�U�]R��`�LTV�@aI�EFLTD6I�QPU²VWQPB�B�LMI�b�G=QSBRQPf�LMUTLMJi\Px

C~ª
­1¦ ��¬'� ��ª
­��

�[I¹·iIZJ�@HC>I�@�J��sIXJ>@aI�I�QA�[CFC�Q=\³LME�I�D�h'B
D6E>EFLTf�UM@dh�LMJ�_�@ �eLMEFJ>LTI�bgJ�@HG._�I�D6UMD6bP\P]�QPUoJ�_�D6Keb6_�QmIXK�VNfl@HC
DPO"J�@HG._�I�LTGaQPU|G._RQPUMUT@HI�b6@aE�VNK�EFJ�f
@pVW@�J=x�¡qGHLT@HIXJ>LMwRGS]%@H`�K�GaQSJ�LMD6I¹QPI�`¹@aI�b6LMI�@a@HC>LMI�bgE>jXLTUMUTEuVNK�EFJ�f
@
GaDPVuf�LTIe@a`kJ�D�`�@�n6@aUMD6B�QSI$Ie@Hh´LMI�EFJ>C>K�V�@aIZJ|h�LMJ>_pV�QPIZ\kLMVWB
D6C�J.QPIZJ|K�EF@aEHx

H ��� ��©���­^¦ ���

��C�LT@t�sQPI z QSI QPIe` 8c_�CFLTE�J�DPON�"DP_�I�@aCH] 3P�6�P����z|_�@m�#D�h �RCF@a�XK�@aIeGH\ �[CFC�Q=\ QPG�J�Lon6@mQPIZJ�@HI�IRQ
E�\�EFJ�@HV��

3s¡q_�QPK�IRQs¡eQPUMUTV�@aIy]� ux 8[x�:�QPG.jP@HCa]6z�x���xS�sQPI�jXLTIeEa]S ux��vDPµl@HJ>Ja]6QPIe`�¡lx«��K�I�`eb6C>@HIy]���¡�LTVuK�UoJ.QPIe@aD6K�E
 �K�QPU 1i�YCF@a�XK�@HI�GH\���feE>@aC�nSQSJ�LMD6I�E�DPO$C�LTQPIZJ}¢�K�UTEF@aE�OrC>DPV J�_e@=8cC>QPfW¢}KeUTE�QSC���]����²�
	e�T](Y � g � .��6�ex

�d±�QSJ��S] 8[x
�Nx�
��s@�h�LMJ>Ja] �ex <~x�
#�vD�D6C>@S] 8[x$:sx�
²�}UMUTLoJ�_�D6CFBl@S]/�exy uxo]1�����@.��Fz|_�@�¡qz1�[�s��¢�C>D�ºF@HGHJ ��-¡�@=QPCFG._vOrD6C|z^C�QPIeE>LT@HIZJs�sEFJ>C>D6I�DPVWLMG=QPU²�sQP`eLTD���VWLME>EFLTD6I��e]��
�����o���������[
������P���y�� ���	��"!

#


