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F9G 7�HJILKMKONQPRKTS!KTU,NWV�NYX�Z�[MKTH!NQ\]K�S_^$`�aLNQbcKO[TIdbYZ_ae`f\,ghId\,NYNY[TId\,giZ_\jP
k ShH!X G KONY[ F blImNQ\jblN

Id\RX�Z�[OKTIdZ_an^ G aLo�adamH!NQ\]K%S_^$KTU,Np[ONQq G IL[TNYH!NQ\]KTrs^tS_[uKTU,NWP,NYg_[ONYNvS_^

w Z_r�KONY[xS_^ F blImNQ\jblNpId\ k ShH!X G KONY[ F bYImNY\�bcNvZ_\jPy`f\jghIm\jNlNY[TId\,g
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� G \,N��Y�_�_�

b� w Z_rOrOZ_b�U G rONcKMK�r � \jr�K�I�K G KONWS_^$~�NQb�Uj\,ShamS_g�8��Y�_�_�,� z adan[TImghU]KTrs[TNYrONl[O�hNYPA�

z G KTUjS_[��Y�Y�Y�l�Y�Q�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Q�Y�
V�NYX�Z�[MKTH!NQ\]K3S_^$`famNQb�KT[TIdblZ_a�`f\,ghId\,NYNY[TId\,gJZ_\jP k ShH!X G KONY[ F bYImNY\�bcN
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k NY[MKTILo�NQPy798��Y�Q�l�Y�l�Y�Y�l�Y�Q�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Y�Q�
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��S_[TPy� [TS_^¡NQrOrOS_[sS_^$`f\,ghId\,NYNY[TId\,g
~sU,NQrOIdr F�G X¢Nl[O�EIdrMS_[

z bYbcNYX,KONQPy798W�Q�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�l�Q�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Y�Y�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Y�Q�l�Y�Y�l�Y�l�Q�Y�l�
z [MKTU G [ k � F HJILKTU

k UjZ_Im[THJZ_\e� k ShHJHJILKMKONYN+Sh\{��[�Z_P G Z?KON F K G PjNY\]KTr



���������
	������	���������������	��������! #"$���&%'	(�$�*)+����"�%,�-��.�/ �0"
12%3"54���6��7	

8 �59���%3�;:=< 8

798
> U,NQ\,g �'Z_\,g

?A@�BDCFEHG�GJILKMGJNOGJP�IRQ�ILS0T�U�G�CFILVWGXN�Y[Z]\^I`_LG�U�E^_aT�\bZ]V�c�EdV�ILI`U�E^V�ceT�V�Kgf�N!CeS�@DGJILUh?A_`E^I`V�_LI
N!VjikTalnmpo�qbras!s!sDq�E^VtS0T�U�G�EuT�\3Yv@�\^w�\d\dCeI`VWG�N�Y&G�P�I

U�ILxy@�EdU�I`CeI`VWGJzXYvN!U�GJPDIRKDI`c!U�I`I�N�Y
ikTpz�GJILUXN�Y]?A_LEdILV�_`I�EdVjf�N!CeS�@DG�I`Uh?A_LEdILV�_`I{T�V�KnZ]V�c!EdVDI`I`U�EdV�c

)}|��A��%'	(9,�

~ P�I�Q�N!C�TpEdVe��T�CeI�?�l�z�GJILCjqAN!U(Q���?'qyEdz(T{KDEdz�G�U�E^B�@DGJILK�K0T�G�T�B0Tpz�IXGJP0TpG(Edz�@�z�I`K#GJN{S�U�N���EdKDI
T�V0TpCFI{z�I`U���Ed_`I{YvN!UhG�P�I��-VWGJILU�V�I�Ga����G�P0T�z�B3I`_LN!CeI�T�_LU�E^G�Ed_`T�\�S0T�U�G�N�Y5G�P�I��-VWGJILU�V�I�G�EdVDYvU�T�z��
GJU�@�_LG�@�U�Ip�t��I`_`T�@�z�I#N�Y�EHGJzREdCeS'N�U�G�TpV�_`Ipq&Q���?�E^z{TtY�Ta�!N!U�E^GJI�G�TpU�c!I�G{NpY$C�Tp\dEd_LEdN!@Dz�P0T�_��pI`U�zL�
� N��(IL��I`U`q�Q���?REdz�V�N�G[K�I`z�Edc!VDI`K�G�N�B3I�T�z�I`_`@DU�I�S�U�N�GJN�_`N�\�� ~ N�C�T��pI(G�P�I�Q���?RCeN!U�I�U�N!BD@�z�G`q
TnQ���?�z�I`_L@�U�EHG-l�I���GJILV�z�E^N!V�P0Tpz{B3I`ILV�S�U�N!S'N�z�I`K,�#�-V�G�P�Edz�I���G�I`V�z�EdN!Vbq�GJP�IFT�@DG�P�I`VWG�Ed_aT�GJEdN�V
N�Y�G�P�I�xy@�ILU�E^I`K2K0T�G�Tj_`T�V2B3Ie��I`U�E^w0ILK2BWl�@�z�EdV�cgTjS�@DB�\dE^_��-SDU�E^�pTpG�IO��I�l�z�_�P�I`CeI��g��@DGRGJP�E^z
I���G�I`V�z�EdN!Vnz�G�Ed\d\,P0T�zXz�N!CeI�z�IL_`@�U�E^G-lM��Ta�XzL�

~ P�Edz#G�P�I`z�EdzMTpV0T�\^l��LI`z#GJPDIkz�IL_`@�U�E^G-l�E^z�z�@�I`ztN�YRQ���?�T�V�K�E^G�z#z�IL_`@�U�E^G-l I���GJILV�z�E^N!Vb����G
S�U�I`z�ILVWGJz#T�K�ILz�E^c!V TpV�K¡EdCeS�\dILCFILVyGJTpGJE^N!V2N�Y�T¢�(l��aT�VWG�EdV�I£��Y�T�@�\HG���GJN!\^I`UJTpVyG�Q���?¤B0T�z�I`K�N!V
T¢V�IL�¥�(l��aT�VWGJE^V�I���Y�T�@�\HG���G�N!\dILUJT�VWG�Tp\dc!N!U�E^G�P�Cj� ~ P�EdzeQ���?�T�\^z�N¢z�@DS�S'N�U�Gez�IL_`@�U�IgKDl�V0T�CeEd_
@�S3K0TpG�I�N!S3I`U�TpGJE^N!V�z`� ~ P�I�CFT�\dE^_`E^N!@�z¦@�z�I`U�VDI`I`KDz�GJN�_LN!CeS�U�N!CeEdz�IhTpG�\^IaT�z�G$§�¨¤r�U�I`S�\^Ed_`T�z�G�N
IL©'I`_�GJEH�!I`\HleTpG�GJT�_��OGJP�Ihz�l�z�GJI`Cnqy�XP�Ed_�PF_`N!V�z�Edz�GJz�NpY«ªW§¬¨�r¬U�I`S�\^Ed_aTpz`� ~ P�E^z¦GJP�ILz�Edz�T�\dz�N�z�P�N��Xz
GJP�TpG�G�P�I��(l��`T�VWGJEdVDI���Y�Tp@�\^G���GJN�\dI`U�T�VWG�Q���?FS3I`U�YvN!U�Cez(T�\dCeN!z�G(T�z���IL\d\'T�z�TpV#EdCeS�\dILCFILVWG�TpG�EdN!V
N�Y�GJP�IRQ���?Mz�I`_L@�U�EHG-ltI���GJILV�z�E^N!Vb�

~ P�ILz�Edz�?A@�S3I`U���Edz�N�U`]��T�U�B0T�U�Te®«E^z���N��
~ E^G�\dIp¦¯0N!U�Kt°]U�N�YvILz�z�N!U¬NpY[Z]V�c!E^V�I`ILU�E^V�c

m



� ��� � ��� �
	�� �� 	������

�$T�C
c�U�IaT�GJ\^l#EdV�K�ILBDGJILKjG�N�C�lnT�KA�AE^z�N!UX°]U�NpY��$��T�U�B0T�UJTe®«Edz���N��3q3YvN!Uhc!@�E^K0T�V�_LI�q�I`VD_`N!@�U�T�c!I£�
CeI`VWGOT�VDK¤z�@�S�S3N!U�G�GJP�U�N!@�c!PDN!@DG�G�P�I#_LN!@�U�z�IMN�Y$GJPDEdz�z�GJ@�KAl!� � ILU�EdVDz�Edc�PyG`q5_�P0T�U�T�_LG�I`UOTpV�K
I`VWG�P�@Dz�EuTpz�C YvN!U�U�ILz�IaTpU�_�P2P0Ta��I�S�U�N�YvN!@�V�KD\^l�E^VD�0@�ILV�_`ILK2C�l�N��XV�G�P�EdVD��E^V�cjT�V�K2TpS�S�U�N!T�_�P
GJN�T�_aT�KDI`CeEd_�U�I`z�IaT�U�_�Pt�(N!U��3� � I`U�E^V�z�E^c!PWG�Yv@�\�_LN!CFCeI`VWG�z�P0Ta�!I�B3I`ILVMCFN�z�G��pT�\^@0T�B�\^IhYvN�U�C�l
GJPDI`z�E^z`� ~ P�I�SDU�I`z�I`VWG�T�GJEdN�VnNpY«GJP�E^z(GJPDI`z�E^z$P0T�z�B3I`ILVtz�Edc�V�E^w0_`T�VWGJ\Hl�EdCeS�U�N��!ILKMB'IL_aT�@Dz�I�N�Y�P�ILU
_aTpU�ILYv@D\�T�V�Kn_`U�EHGJE^_aT�\'S�U�N�N�YvU�I`T�K�E^V�c��

?AS3I`_`EdT�\�G�P0T�V��yzOGJN¢igE^c!@�IL\Xf�T�z�G�U�N�q¦�XP�N�z�Itc!U�I`TpGO�(N!U���N!V��(l��aT�VWGJE^V�I���Y�T�@�\HG���G�N!\dILUJT�VWG
T�\^c!N!U�EHGJP�Cez(G�U�E^c!c!I`U�I`KMGJPDEdzXS�U�N���I`_LG¬T�VDKj\^ILGXCeIRU�@�Vt�XE^GJPtEHGa����\^z�N�qDG�P0T�V��yzXYvN!U$P�E^zhE^VW��Tp\d@A�
T�B�\^IRT�KD��Ed_LI{TpV�KnYvILI`K�B�T�_���� � IRS0TpG�EdI`VWG�\^lMTpV�z��(I`U�I`K�C�lMxy@�ILz�G�EdN!V�zLq3T�V�KnS�U�N�N�YvU�I`T�KnC�T�VWl
I���G�U�I`CeI`\HleU�N!@�c�P#K�UJT�Y GJz`� ~ P�I�U�ILS�\dE^_aTpG�EdN!V�\^EdB�U�T�U�l�S�U�N��AE^K�I`K�ByleP�E^C Edz�U�IaTp\d\^l�I`\dILcWT�VWG$TpV�K
zJTa��I`KgCeIRTO\dN�G$NpY&G�EdCeI��

����N�@�\dK�Tp\dz�Ne\dE^��I�GJNeGJP0T�VD�kf�P0TpV�K�UJTpz�I`�yP0TpU���N�lWT�S�TpGJE�YvN!UhP�EdzhS�U�N�N�YvU�IaT�K�E^V�c��X��U�IaT�\^\^l
I`V���N l�I`K�G�P�I$GJIL_�P�V�Ed_`T�\�T�V�KeS�P�E^\dN!z�N!S�P�E^_aT�\AK�Edz�_`@�z�z�E^N!V�z]�XE^GJP�P�E^CjqyTpV�KeG�P�IXS�@��L�`\dILz(PDIhc!T���I
GJN�CeI�� ~ P0TpV��yzhG�N#f�P�N�V�f�P�N!VtGJN�N�qDYvN!U$PDEdzXS�U�N�N�YvU�IaT�K�E^V�cON�Y�GJP�E^z�GJP�ILz�E^z`�

ijl�YvU�E^I`V�K�z«YvU�N!C+GJP�I�U�ILz�G&N�Y�N�@�U�c!U�N!@DS�CFT�K�I]C�l�z�G�Tal{TpG�°(i��*TXS�\^IaT�z�T�VWG[I£�DS3I`U�EdILV�_`Ip�
�«T�C c!U�TpGJI�Yv@�\WGJN���V�K�U�IL��q��¬U���EdVDKbq���G�@�\�q!f�P�N!V�f�P�N�VbqWQ�N!U�N�GJPWl!q�Q�N!@�c�q��WT�z�N!VbqW�hEd_���q�°[T�@�\�q
°[I�GJILU`q�°]P�Ed\ q �XEd_�P0T�U�Kbq�?DTpCFILI`U`q3?�P0T�VA�-igEdV�ceT�VDK"!�EuT�N��(I`E�q

~ P�I`U�I�TpU�I�N�Y�_`N�@�U�z�I{V�NO�(N!U�KDzXG�N�K�I`z�_`U�E^B'I�C{l#c!U�TpGJEHGJ@�K�I�G�NOC�lMS0TpU�I`VWG�z`� ~ P�ILltP�T���I
T�\H��Tal�z$B'ILI`VtGJP�ILU�I��XP�ILVj��V�I`ILK�I`KtGJPDI`Cn�¦�(N!VD\^lFP�N!S3I�GJP�E^z���N!U����XEd\^\'CFT��pI�GJP�ILC¥S�U�N�@�K
N�Y�GJP�ILEdU$z�N!Vb�

# E^G�P�N!@DGhGJP�I{\dN��!I�T�V�Kjz�@�S�S3N!U�G�YvU�N�C
C�lt�XE^YvI�q'?APy@Dl�E q,���(N!@�\^KkV�IL��I`U�P�T���IOT�_�P�E^IL��I`K
T�z�C�@D_�P�Tpz��¬P0Ta��IeG�NAK0Tal��O?AP�IOP�T�z�zJT�_LU�EHw0_`ILK�T#c!U�IaTpG�KDIaT�\[YvN�U�C�lg�(I`\^\H��B'ILEdV�c���?AE^CFS�\Hl
zJTal�EdVDceG�P0T�V��yz$GJN�P�ILUhE^z$Y�T�U$\dILz�z�GJP�T�VjILV�N!@�c�Pb�

ª



� ������	���� �

� �������
	����������	�� �
r!�Hr ~ P�I�°]U�N!B�\^I`Cez�������������������������������������������������������������� s
r!� m ��@�Uhf�N!VWGJU�EdB�@DG�EdN!V���������������������������������������������������������� r��
r!� ª ~ P�I`z�Edz���@DGJ\^EdV�I�������������������������������������������������������������� r m

 !#"%$ �'&
mA�Hr ���!I`U���EdIL�(������������������������������������������������������������������� r�ª
mA� m ��T�CeIR?AS0Tp_`I)��������������������������������������������������������������� r�ª
mA� ª ��K�CeEdVDEdz�G�UJTpG�EdN!V ����������������������������������������������������������� rao
mA� o ��T�CeIR?AILU��!ILU�z¬T�V�K �hILz�N!\H�!ILU�z*��������������������������������������������� r,+

mA� o��^r �¬T�CeIR?AI`U��!I`U�z-����������������������������������������������������� r,+
mA� o�� m �XI`z�N!\^��I`U�z ��������������������������������������������������������� r,+

mA�/. 0�@�I`U�l �hILz�N!\^@DGJE^N!V1��������������������������������������������������������� r�2
mA�/.A�^r �XI`z�N!\d@AGJEdN�Vn?DT�CeS�\dILz3����������������������������������������������� r�s

mA�54 �hILz�N!@DU�_`I �XI`_LN!U�K�z6��������������������������������������������������������� m��
mA�54D�^r ¯0N!U�C�T�G7������������������������������������������������������������� m��
mA�54D� m ?yG�T�U�GXN�Y �¬@DGJPDN!U�EHG-l �hIL_`N!U�K ��������������������������������������� mAr
mA�54D� ª �-°���K�K�U�I`z�z �XI`_LN!U�Kbq0°&N!EdVWG�I`U �hIL_`N!U�KgTpV�Kkf�TpV�N!V�E^_aT�\«�¬T�CeI �hIL_`N!U�K m!m
mA�54D� o �¬T�CeIR?AI`U��!I`U��XI`_`N�U�K�z#��������������������������������������������� m�ª
mA�54D�8. igT�Ed\bZ5�A_�P0T�VDc!I �XI`_LN!U�KDz9������������������������������������������� m�ª

& !#"%$�$;:<�=��
�>�@?A��B�BC�:<B  �D
ªD�Hr ���!I`U���EdIL�(������������������������������������������������������������������� m=.
ªD� m ��G�GJT�_��yz¬N!VnQ���?E����������������������������������������������������������� m=.

ªD� mA�^r � N��}GJN ��G�G�T�_�� ��������������������������������������������������� m=.
ªD� mA� m ~ PDI�f�N�V�z�ILx�@DI`V�_LI�N�Y[TF?�@�_`_LI`z�z�Yv@�\ ��G�G�Tp_�� ����������������������� m�2

ªD� ª °]U�N!S3N!z�ILKk?�I`_`@DU�I{Q���?#Z5�AG�I`V�z�EdN!V%����������������������������������������� ª=�

o



ªD� ªD�^r ��T�z�E^_��-K�IaT ��������������������������������������������������������� ª=�
ªD� ªD� m �hIL� �hILz�N!@�U�_`I �hIL_`N!U�K ~ l�S'ILz ������������������������������������� ª=�
ªD� ªD� ª �¬@DGJPDI`VWGJE^_aTpG�EdN!Vjf�P0T�E^V ��������������������������������������������� ªWm
ªD� ªD� o Q�l�V0TpCFE^_ � S3K0TpG�I ������������������������������������������������� ªWm

ªD� o ��G�GJT�_��yzhG�N�?�I`_`@DU�I{Q���?#Z5�AG�I`V�z�EdN!V ��������������������������������������� ª!ª
ªD� o��^r �,N�V�I���ILlME^z ��V�\^EdV�I ����������������������������������������������� ª�o
ªD� o�� m �,N�V�I���ILlME^z ��©��-\^EdV�I ��������������������������������������������� ª .
ªD� o�� ª ¯0U�I`z�PDV�I`z�z���G�G�T�_�� ������������������������������������������������� ª=4
ªD� o�� o ��G�P�I`UX°]U�N!BD\dI`Cez ��������������������������������������������������� ª=4

� ! :'B������������
	�� ?��	 �;��� ��:���	 ��>��� 	���: ��	 �;� !#"%$ &��
o��Hr ���!I`U���EdIL�(������������������������������������������������������������������� ª +
o�� m �-VWGJU�E^V�z�E^_�°]U�N!B�\^I`Cez��XE^G�PtG�P�I{f�@�U�U�I`VWG�Q���?3������������������������������� ª +

o�� mA�^r ®�T�_���N�Y �¬@DGJPDI`VWGJE^_aTpG�EdN!V ������������������������������������������� ª=2
o�� mA� m �hNFf�N!V�z�E^z�G�I`V�_�lkf�N�VyG�U�N!\ ����������������������������������������� ª=2
o�� mA� ª f�ILVWGJUJTp\dEd�LI`Kj?AILU���Ed_LI�q3�¬NF?AE^V�c!\dI��¬N�K�IR¯3Tp@�\^G ~ N!\^I`UJTpVyG1����������� ª=2

o�� ª Q�I`z�Edc!V ��NWT�\dz ������������������������������������������������������������� ª!s
o�� o �=°]UJT�_�GJEd_`T�\��(l��aTpVyG�EdV�I£��¯�T�@�\HG�� ~ N!\^I`U�T�VWG ��\^c!N!U�E^GJPDC ����������������������� o �

o�� o��^r ?ylAVD_�P�U�N!VDN!@�zhN!U ��z�l�V�_�PDU�N!V�N�@�z ����������������������������������� o �
o�� o�� m ~ PDI�?ylAz�GJILC ijNAK�IL\«N�Y5f�®���¯ ~ �¬\dc!N!U�E^G�P�C ����������������������� o�r
o�� o�� ª ~ PDIR°]U�N!S'ILU�G�EdI`zXN�Y5f�®���¯ ~ ��\dc�N!U�EHGJP�C ��������������������������� oym
o�� o�� o � N��}GJPDI�f�®���¯ ~ ��\^c!N!U�E^GJPDC # N!U��yz ����������������������������� oWª

o��/. �(l��aT�VWG�EdV�I£��¯�T�@�\HG�� ~ N!\^I`UJTpVyG�Q���? ������������������������������������������� o!o
o��/.A�^r ?ylAz�GJILC igNAKDI`\������������������������������������������������������ o!o
o��/.A� m �XIaTpKg?�_�P�I`CeI`z ����������������������������������������������������� o 4
o��/.A� ª � S'K�TpGJI{?A_�P�ILCFI-��������������������������������������������������� oWs

o��54 ��G�GJT�_��yzhG�N�G�P�IR�¬I�� Q���? ������������������������������������������������� .Ar
D ��������:��E: �;� 	 ����	�� D� 

.A�Hr ���!I`U���EdIL�(������������������������������������������������������������������� .!m
.A� m ~ P�IR��¯ ~ �hILS�\dE^_aTpG�EdN!VM®«E^B�UJT�U�l ������������������������������������������� .!m
.A� ª ~ ��?"!�Q���?�?AZ(f ������������������������������������������������������������� .�ª
.A� o ��¯ ~ �-Q���?1����������������������������������������������������������������� .=.

.A� o��^r f�®���¯ ~ �XI`S�\^Ed_aT�GJEdN�VM®«EdB�U�T�U�l ������������������������������������� .=.
.A� o�� m ijNAK�@D\dI`zh¯0U�N�C ~ ��?"!�Q���?�?AZ(f ����������������������������������� .=+

.



.A� o�� ª ?�N!CFI��hIL�+igNAKD@�\dILz ����������������������������������������������� .�2
.A� o�� o f�PDI`_��yS'N�EdVWG�igT�V0T�c!ILUXigN�K�@�\dI9������������������������������������� 4=�
.A� o��8. ?yG�TpG�I{Q�E^c!I`z�GXigN�K�@�\^I ��������������������������������������������� 4Dr
.A� o��/4 ?�I`z�z�EdN!V ��ILltigT�V0T�c!ILCFILVWG�ijNAK�@D\dI)������������������������������� 4Wm

.A�/. �-CFSD\dI`CeI`VWGJTpGJE^N!VM®«EdCeE^GJTpGJE^N!V�z ��������������������������������������������� 4�o

� �7: ��� 	 � ��	 ���=:����"	 � �	 ����	�� ��D
4D�Hr ���!I`U���EdIL�(������������������������������������������������������������������� 4 .
4D� m Z5�DS3I`U�EdCeI`VWG�Tp\�?AILG�@�S ������������������������������������������������������� 4=4
4D� ª Z5�DS3I`U�EdCeI`VWGJz ��������������������������������������������������������������� 4 +
4D� o �hILz�@�\HGJzhT�V�KtZ5�AS�\uTpV0TpGJE^N!V�z ����������������������������������������������� 4=2

4D� o��^r 0�@�ILU�l#YvN�U�GJP�I��-° �¬K�K�U�ILz�z¬N�Y5T � N!z�G ����������������������������� 4=2
4D� o�� m 0�@�ILU�l#YvN�UX��T�CeIR?AI`U��!ILU�z�NpY5T �,N!V�I ������������������������������� 4!s
4D� o�� ª � S'K�TpGJI �XI`xy@�I`z�G ��������������������������������������������������� +��
4D� o�� o ?ylAz�GJILC
°[I`U�YvN!U�CFT�V�_LI{f�N!CFS�T�U�E^z�N!V ������������������������������� +Ar

4D�/. °[ILU�YvN!U�C�T�VD_`I��-z�z�@�I`z�������������������������������������������������������� +po
4D�/.A�^r f�N�z�GXGJN�Z]z�GJT�B�\dE^z�PnTF?AI`z�z�EdN�V ��ILl#EdVn��¯ ~ �-Q���?y�Jr ��������������� +po
4D�/.A� m ? � �7?A� � � � �XILYvU�ILz�P�E^V�ce�-VyG�I`U���Tp\«EdVn��¯ ~ �-Q���?y��m ��������������� +=.
4D�/.A� ª � S'K�TpGJI�EdVt��¯ ~ ��Q���?y��m ������������������������������������������� +�4

4D�54 f�N!CeS0T�U�E^z�N!VMNpY5��¯ ~ ��Q���?t?A_�PDI`CeIFrRT�V�Kj��¯ ~ �-Q���?t?A_�P�ILCFI{mE��������� +�4
� ! � BC�= B�B�� 	�� �
	

+A�Hr ���!I`U���EdIL�(������������������������������������������������������������������� +�2
+A� m 0�@�I`U�l �hILz�N!\^@DGJE^N!V ��SDS�U�NWTp_�P�r!¦°[T�U�G�EuT�\^\^l �hIL_`@�U�z�EH�!I ��������������������� +�2
+A� ª 0�@�I`U�l �hILz�N!\^@DGJE^N!V ��SDS�U�NWTp_�P�mA�f�N!CeS�\^ILGJIL\^l �hIL_`@�U�z�EH�!I ����������������� 2=�
+A� o ���+f�T�_�P�EdVDc ��������������������������������������������������������������� 2=�

	 ��	 ��� �� B�� 	���B 	�&
2D�Hr ?A@�CeC�TpU�l ����������������������������������������������������������������� 2!ª
2D� m ¯0@DGJ@�U�I # N�U�� ��������������������������������������������������������������� 2 .

2D� mA�^r �-CeS�U�N ��I�GJP�I��-CeS�\dILCFILVyGJTpGJE^N!V)������������������������������������� 2 .
2D� mA� m f�N�CFS0T�GJEdBDEd\dEHG-l ����������������������������������������������������� 2=4
2D� mA� ª °]U�E^�pT�_Ll��-z�z�@�I`z ����������������������������������������������������� 2=4

4



� � � � ��� � � ��� ��	��

m ��r � E^I`UJTpU�_�P�E^_aT�\bN�U�cWT�VDEd�aT�GJEdN�V#N�Y�GJP�IRQ���? ����������������������������������� r,.
m ��m ~ P�IRª��-_�P�T�UJT�_�GJILUhc�I`V�ILU�Ed_�K�N�C�T�E^V�z ��������������������������������������� r�4
m ��ª � �hILz�N!\^@DGJE^N!VtN�Y[T �XI`_L@�U�z�E^��I 0�@�ILU�l ������������������������������������� r�s
m �-o � �hILz�N!\^@DGJE^N!VtN�Y[T���G�I`U�TpGJE^N!V 0�@DI`U�l ������������������������������������� m��
m � . ~ P�IR¯0N!U�CFTpG$N�Y[Q���? � �hz ������������������������������������������������� mAr
m � 4 ?AN!CeI�EdCeS'N�U�G�TpVyG ���}G-l�S3I`z ����������������������������������������������� mAr

ª���r ��U�I`T��#E^VyG�NeTe�¬T�CeIR?AI`U��!I`UXGJN ��G�G�T�_��tQ���? ����������������������������� m�4
ª���m ��U�I`T��#E^VyG�NeT �XN!@DG�I`U�G�N ��G�G�T�_��MQ���? ����������������������������������� m=+
ª���ª ?AV�EH©¢T�V�Kj?AS3NANpY&G�N ��G�G�T�_��tQ���? ����������������������������������������� m=+
ª��-o �=zJT�CeS�\^I �hILz�N!\^@DGJE^N!VMEdVtz�IL_`@�U�I�Q���?'� ����������������������������������� ª�o

op��r f�N!CeS0T�U�E^z�N!VMNpY[_L@�U�U�I`VWG�Q���?	���XEHGJPtz�IL_`@�U�E^G-ltI£�AG�I`V�z�EdN!V�
XTpV�Kg��¯ ~ ��Q���?)� o .
op��m §�¨ r�EdK�ILVWGJEd_`T�\bU�I`S�\^EdI`zXTpU�I�V�N�GhILV�N!@�c!PnEdVMG�P�I�N!SDGJE^CFE^�`ILK#U�I`T�Kjz�_�P�I`CeI � o +
. ��r ��U�_�P�E^G�I`_LG�@�U�I�N�Y ~ ��?"!�Q���?�?AZ(f ������������������������������������������� .po
. ��m ��U�_�P�E^G�I`_LG�@�U�I�N�Y[��¯ ~ �-Q���? ����������������������������������������������� .�4
4���r ��U�E^ILY&Q�I`z�_`U�EdSDG�EdN!VtN�Y�GJP�I{?�l�z�GJI`Cez ~ ILz�GJILKgE^V ��@�U$Z5�AS3I`U�E^CFILVWGJz1��������� 4 .
4���m 0�@�I`U�l#YvN!U�GJPDIR�-°�T�K�K�U�I`z�zhN�Y[T � N!z�G ������������������������������������� 4=2
4���ª 0�@�I`U�l#YvN!UX��TpCFIR?AILU���I`U�z¬N�Y[T �,N�V�I ������������������������������������� 4!s
4��-o � z�I{��¯ ~ ��Q���?y��m�GJN 0�@�ILU�lt�¬T�CFIR?�I`U���I`U�z�N�Y[T �,N!V�I ������������������� +��
4�� . � S3K0TpG�I�GJP�IR�-° ��KDK�U�ILz�zhN�Y5T � N!z�G ��������������������������������������� +��
4�� 4 Z]z�GJE^C�T�GJI`K ~ N�G�Tp\�Z]\uT�S�z�I`K ~ EdCeI�N�Y«TpV � � � 0�@�I`U�l ~ P0TpG��-VW�!N!\H�!ILz���TpCFI

?AI`U��!ILU�zhN�Y5ªeQ�E^©'I`U�I`VWG �,N!V�ILz ��������������������������������������������� +Ar
4�� + Z]z�GJE^C�T�GJI`KnikT �DE^C�@�C¥?AI`U��!I`U ~ P�U�N!@�c!P�SD@DG�� U�ILxy@�I`z�GJz !�z�I`_
 ������������� +!m
4�� 2 Z5�AG�EdCFTpGJILKnikT��'�(?AI`U��!I`U ~ P�U�N!@�c!P�SD@DG ����������������������������������� +�ª
4���s f�N!CeS0T�U�E^z�N!VMNpY5��¯ ~ ��Q���?W��rL�-� ��T�V�Kj��¯ ~ ��Q���?y��r�� � ������������������� +po
4���r�� ��? �=°�° �*��S3I`U�TpGJE^N!V ~ EdCeI�N�Y¦T�ªWm��-BWlyGJIRigI`z�zJT�c�I ����������������������� +=.

+



+ ��r 0�@�I`U�l �hILz�N!\^@DGJE^N!V ��SDS�U�NWTp_�P�r!¦°[T�U�G�EuT�\^\^l �hIL_`@�U�z�EH�!I ������������������� +�s
+ ��m 0�@�I`U�l �hILz�N!\^@DGJE^N!V ��SDS�U�NWTp_�P�mA�f�N!CeS�\^ILGJIL\^l �hIL_`@�U�z�EH�!I ����������������� 2Dr

2



� � ��� ��	 � �

� ��� ��� � � � � � ���

���	� � )�� - #  �
v�"�<* �

~ P�I�Q�N!CFT�EdV��¬T�CeI�?ylAz�GJILCjq�N!UtQ���?'q$EdztT¡K�E^z�GJU�EdB�@AGJI`K K0TpGJT�B0T�z�I�GJP0TpGnS�U�N��AE^K�I`ztGJPDI
V0T�CeIRz�I`U���Ed_`IRYvN!UXGJP�IR�-VWGJI`U�V�ILG`�¬��G�EdzhTF_LU�EHGJEd_`T�\«S0T�U�G�NpY5GJP�IR�-VWGJILU�V�I�G��-VDYvUJTpz�GJU�@�_LG�@�U�Ip���¬\d\
N�Y�G�P�Ig�-VWG�I`U�VDILG� zMV�I�G-��N!U�� z�I`U��AE^_`ILz`q$�XP�Ed_�P EdV�_L\d@�K�ItGJPDI # N!U�\^K # EdKDI # I`BbqXIL\dI`_�GJU�N!V�Ed_
CFT�Ed\ q0U�I`CeN�G�I{GJILU�CeEdV0Tp\&Tp_`_`ILz�zLq«T�V�Kkw0\^I{G�UJT�V�z�YvI`ULq,@�z�IOQ���?'�'��IL_aT�@�z�ION�Y]E^G�z¬E^CFS3N!U�G�T�V�_LI�q
Q���?eEdz�TRY�T���N!U�EHGJIhG�T�U�c!ILG$NpY«C�Tp\dEd_LEdN!@Dz(T�G�G�Tp_���I`U�z`� ~ P�I�c!U�N��XEdV�c{U�I`\^EuT�VD_`I�NpY�EdV�K�@Dz�GJU�l#TpV�K
c!N��!ILU�V�CeI`VWG�z�N!VjG�P�I�E^VDYvN!U�C�TpG�EdN!VMU�I`z�N!@�U�_LI`z�Ta�pT�E^\uT�B�\^I�N!VjG�P�I��-VWG�I`U�VDILG�CFT���ILz�CFT�\dE^_`E^N!@�z
TpG�G�T�_��yz�CFN�U�I]TpG�GJUJTp_LGJEH�!I¦TpV�K{CFT��pI`zbGJPDI�_LN!V�z�I`xy@�I`VD_`I`z[N�Y�z�@�_L_`I`z�z�Yv@�\ATpG�G�T�_��yz�CFN�U�I¦z�ILU�E^N!@�z`�

igIaTpVy�XPDEd\dIpq�Q���?���T�zOV�N�G�K�I`z�Edc!V�ILK2GJN�B3IMTgz�I`_`@DU�ItS�U�NpGJN�_`N!\ ��Q���?�z�I`U��!I`U�z�V�IL��I`U
T�@DG�P�I`VWG�Ed_aT�GJIjG�P�IgK�TpG�T�G�P0TpGeGJP�I�l z�I`V�K�G�N2Q���? _`\^EdI`VWG�z`�}f�\dEdILVWGJze_aT�V�N�V�\^l ��@�KDc!IgGJPDI
N!U�Edc!E^VkT�V�K¢Tp@DGJP�ILVWGJEd_LE^G-ljN�Y¦GJPDIOU�I`SD\^ljK0TpG�TeGJP�I�lkU�IL_`ILE^�!ILK¢ByljGJP�I�z�I`VDK�I`U�z��«�-°+TpK�K�U�ILz�z�I`z
EdVD_`\d@DK�I`KME^V#GJP�I�U�I`S�\Hl�S0Tp_���ILG�z`q0�XP�E^_�PjTpU�I�I`T�z�l#G�N�Y�T���Ip�¦�-VnT�K�K�EHGJEdN�VbqDQ���?�Edz���@�\^V�I`U�T�B�\^I
GJN#T�z�E^V�c!\dIRV�N�K�I�Y�T�@D\^Ga��� z�EdV�c!\^I{_LN!CeS�U�N!CeEdz�I`Kkz�I`U��!I`U�_`T�VgYvN�N!\&T�\d\�_`\^EdILVyG�z¬G�P0TpG�_LN!VWG�T�_�G
E^GhTpV�Kt_aT�@�z�I{z�@�B�z�G�T�VWGJEdT�\«K0T�CFT�c!Ip�

~ N¢wD��GJP�Itz�IL_`@�U�E^G-l2�0T��XzeEdV¡Q���?'q¦T¢Q���?2z�I`_`@DU�E^G-l¡I£��GJI`VDz�EdN�V P0TpzOB'ILI`V�S�U�N!S3N!z�I`K
T�V�K S0T�U�G�EuT�\^\^l�EdCeS�\dILCFILVyG�I`K�� Z ��s +Aq�Z�T�zJs�s!T	� � ~ P�IgC�T�E^V E^K�IaT�N�Y�G�P�IgI£�AG�I`V�z�EdN!V�E^zeG�N
T�@DG�P�I`VWG�Ed_aT�GJIXK0TpGJT�EdVOGJP�IhQ���?OBWlOSDU�I���c!I`VDI`UJT�GJEdVDc�K�Edc!EHG�T�\Az�E^c!V0TpG�@�U�ILz5YvN!U¦IaT�_�PeK0TpGJT�E^GJILCFz
N�Y¬GJP�IgQ���?¤K0TpG�TpB0T�z�Ip� ?AI`U��!ILU�z�U�ILG�@�U�V�xy@�ILU�E^I`K�Q���?¡K�TpG�T¢GJN�_`\dE^I`VWGJzFT�\^N!V�c��XE^G�P GJPDI
S�U�N!S'ILU�K�E^c!E^GJT�\¦z�E^c!V0TpG�@�U�ILz`�gf�\dE^I`VWGJz{@�z�I�G�P�I`z�I#z�E^c!V0TpG�@�U�ILz{G�Ng�!ILU�E^Y l¢G�P�I#T�@AGJP�ILVyG�Ed_LE^G-l�N�Y
GJPDI�U�ILS�\^l�K�TpG�TD���-VOT�������������� �"!$#%���£q!T¬SDU�N�_`I`z�z[E^VR�XP�E^_�P�GJPDI(�XP�N!\^I(K�TpG�T�B�T�z�I�Edz�GJU�T�V�z�YvILU�U�I`K
YvU�N�C N!VDI�z�ILU��!ILU�GJN�T�VDN�GJP�ILU�z�ILU���I`U`q�T�z�Edc!V�TpGJ@�U�I�_LN ��I`U�EdV�cOGJPDI��XP�N!\^I�K0TpGJT�B0T�z�I�Edz(@�z�ILKtG�N
�!ILU�EHY l#GJP�I�E^VyG�I`c!U�E^G-l�N�Y&G�P�I�K0TpGJT�B0T�z�I��

s



� VDYvN�U�GJ@DV0TpGJIL\^l�q!GJP�E^z¦I���GJILV�z�E^N!V�z�GJEd\^\AP�T�z]z�N!CeI$z�IL_`@�U�E^G-l�S�U�N!B�\dILCFzL�5¯0N!U5I£�DT�CFSD\dI�q!G�P�I`U�I
Edz�TtKDEd\dILCFCFT�TpB'N!@AG�GJP�I���TalkGJNtz�G�N!U�I�G�P�IOS�U�E^�pTpGJIO�pILl�z�GJP0TpG�T�U�IO@�z�I`K¢GJNtc!ILV�I`U�TpGJIOGJPDI
z�E^c!V0TpG�@�U�ILz`� ~ N�S�U�I��!I`VWG¬T�P0T�_��pI`U$YvU�N�C �yV�N��XEdVDc�G�P�I�S�U�E^�pTpGJI¬��I�ltT�V�KtB3I`EdVDcOT�B�\^I�GJN�Y�T��pI
z�E^c!V0TpG�@�U�ILz��XPDI`VMT�z�ILU��!ILU�P0T�z�B3I`I`VF_`N!CeS�U�N!CFE^z�ILKbqyS�U�EH��T�GJIX��I�lAz�T�U�IXU�IL_`N!CeCeI`V�K�ILKFG�N�B3I
��ILSDG{T�V�K�@�z�I`K�EdV�V�N�VA�-V�I�G-��N�U��g_LN!V�V�IL_LG�I`Kbq�S�PWl�z�Ed_`T�\d\Hlgz�I`_L@�U�I�CFT�_�P�EdVDI`z�N!VD\^l!�{��@DG�GJP�E^z
T�S�SDU�NWT�_�P�UJT�E^z�I`z�T�V�N�G�P�I`U�Edz�z�@�I�� ~ PDI�N�©��-\dE^V�IX��I�l�_`T�V�V�N�G�B'I¬@�z�ILKMGJN�c�I`V�ILUJTpG�I�z�E^c!V0TpG�@�U�ILz
EdVgU�IaTp\[GJE^CFI�GJNMS�U�N�GJIL_LG�G�P�I�KDl�V0T�CeEd_�@�S'K�TpGJI�K�TpG�T#E^VgGJP�IOK�TpG�T�B�T�z�Ip�{¯0@�U�GJP�ILU�CeN!U�Ipq,GJPDI
EdVWG�I`c!U�E^G-lRN�Y0GJPDI�K0TpGJT�B0T�z�I$_aT�V�VDN�G¦B3I(�!ILU�EHw0I`KeTpY G�I`U¦T�VWl{KDl�V0T�CeEd_(@�S'K�TpGJI�NpY0GJP�I�K�TpG�T�B�T�z�Ip�

~ P�I`U�I�T�U�I¬z�N!CeI�NpGJP�ILU�z�IL_`@�U�E^G-lFEdz�z�@�ILz�EdVeGJP�I�Q���?ez�I`_`@DU�E^G-l�I���GJILV�z�E^N!Vb� ��I`V�ILUJTpG�EdV�c�T
z�E^c!V0TpG�@�U�I�Edz5�!ILU�lOI£�AS'ILV�z�EH�!I�q�z�N�z�Edc!V0T�GJ@�U�I`z¦EdV{GJP�IhQ���?�z�I`_L@�U�EHG-lOI���GJILV�z�E^N!VeT�U�I$c�I`V�ILUJTpG�I`K
N!V�\HleNA_L_aT�z�EdN!V0Tp\d\^lOT�V�K#P0Ta��I�T{xy@�E^G�I�\dN�V�c{G�EdCeI���G�Np�-\^E^��I � ~$~ ® 
�� ~ P�Edz�N!S'ILV�z�T{B�Edc��XE^V�K�N��
YvN!U5YvU�I`z�PDV�I`z�z�TpG�G�T�_��yz`qWG�P0TpG]EdzLqyz�G�Tp\dI$K0TpGJT�_aT�V�B3Ih@Dz�I`KeGJN�YvN�N!\�_`\^EdILVyG�z¦E^Y3E^G�z¦_`N!U�U�ILz�S3N!V�K�E^V�c
z�E^c!V0TpG�@�U�IhP0T�z�V�N�G(I��AS�EdU�I`Kb�¦�-VtTpK�K�E^G�EdN!V,q!GJP�I�Q���?Fz�I`_`@DU�E^G-lFI���G�I`V�z�EdN!V#z�GJE^\d\�@�z�ILz$T{z�EdCeS�\dI
U�ILS�\dE^_aT�z�_�P�ILCFIkG�N¤z�l�V�_�P�U�N!V�Ed�LI�K0TpGJT�B'I�G-��ILI`V z�ILU��!ILU�zL� ~ P�E^z�_`T�@�z�ILzt_`N!V�z�Edz�GJI`VD_Ll�TpV�K
U�IL\dEdT�B�Ed\^E^G-ltS�U�N!B�\^I`Cez`��f�\^EdI`VWG�zRCFTalkc!I�G�z�GJT�\dI�K0TpGJT#YvU�N!C z�N!CeIOz�ILU��!ILU�z{IL�!ILV��XEHGJP�N!@AGRT�V
EdVWG�I`VWGJE^N!V0T�\«T�G�G�Tp_��3��?AN!CeI�@�S3K0TpGJILKjK�TpG�TOCFT�l#B'I�\dN�z�G$YvN!U�IL�!ILU¬EHY5T�z�ILU���I`UXGJP0TpGhP�N�\dK�z$GJPDI
V�I��=K0TpGJT�_LUJT�z�P�I`zhB3ILYvN!U�I�GJUJTpV�z�YvILU�U�E^V�cOGJP�ILC¥GJN�N�G�P�I`UXz�ILU���I`U�zL�

��GXEdz$_L\dIaTpU�GJP0T�G$GJP�I�Q���?Mz�I`_L@�U�EHG-lMI���GJILV�z�E^N!VnEdz�V�NpGXz�I`_L@�U�IRI`VDN!@�c!PbqDI`z�S3I`_LEuT�\^\^lFEdVMGJPDI
I`VW��EdU�N!V�CeI`VWGXEdV#�XPDEd_�PtKDl�V0T�CeEd_�@DS'K0T�GJI`z$P�T�S�S3I`Vtxy@�E^G�I�N�Y GJILVb�¦�-VMY�T�_LG`qAGJN�K0Tal�� zX�-VWGJILU�V�I�G
Edz�CFN!U�I�KDl�V0T�CeEd_RGJP0TpV�I��!ILU`q�T�V�KkG�P�Edz�G�U�ILV�K��XEd\d\�_`N�VyG�EdVy@�Ip� � @DV�K�U�ILK�z�N�Y]GJP�N�@�zJT�VDK�z�N�Y
P�N!z�GJz ��N!E^V¢G�P�IO�-VWGJILU�V�I�G�I��!I`U�l�K0Tal!�#ijN!B�Ed\^I�_`N�CFS�@AGJEdVDc�q«EdVk�XP�E^_�P�Q���?¢K�TpG�TtT�U�IOP�Edc!PD\^l
KDl�V0T�CeEd_pq�E^z5T�\^z�N�B3I`_LN!CeEdV�chCFN�U�I�_LN!CeCFN!V,�&¯0@�U�GJP�ILU�CeN!U�Ipq!Q���?{Edz&z�@�S�S3N!z�I`K�GJN�S�U�N���EdK�I�T
c!\^N!B0T�\�S�@�B�\^Ed_(��ILl�K�Edz�GJU�EdB�@DG�EdN!V�EdVDYvU�T�z�G�U�@�_�GJ@�U�I�q!B�@AG5GJP�E^z5C�@�z�G¦B3I$T�P�Edc�P�\^lRU�IL\dEdT�B�\dI�z�ILU���Ed_LI
T�V�KjT�\H��Tal�zXc!E^��I�GJP�I�YvU�ILz�P�ILz�G�T�@DG�P�I`VWGJE^_aTpG�I`KjK0TpG�T�G�Ne_L\dE^I`VWGJzL�

�-VjNpGJP�ILUX�(N!U�K�z`q0�(IRVDI`I`KgTOCFN!U�I�z�IL_`@�U�I�Q���?'�

����� � ��# �  ����j#(��
p�0���" %�

~ NMz�N!\H�!I�G�P�I�T�B3N��!IOS�U�N!B�\^I`Cez�T�V�KgB�@�Ed\^K�T�CeN!U�I{z�IL_`@�U�I�Q���?'q���IOKDI`z�E^c!V�ILK¢T�V�KkE^CFS�\^I��
CeI`VWGJILKtT��(l��aT�VWG�EdV�I£��Y�T�@�\HG���GJN!\^I`UJTpVyG(Q���?'qAN�U���¯ ~ �-Q���?'���-V#GJPDI��(l��aTpVyG�EdV�I¬Y�T�@�\^G(CeNAK�IL\�q
Y�T�@�\HG-lgVDNAK�ILz�C�TalgB'ILP0Ta�!IeT�U�BDE^GJU�T�U�E^\^l���?ANnTM�(l��aT�VWG�EdV�I£��Y�T�@�\HG���GJN!\^I`UJTpVyG�Q���?gE^z�T#P0T�_��pI`U
GJN�\dI`U�T�VWGhQ���?'�

~ P�I`U�I(E^z�Th\^N�G«N�YA��N!U���N!V{T�c!U�I`I`CeI`VWG&T�V�KRU�ILS�\dE^_aTpG�EdN!V�G�I`_�P�VDEdxy@�I`z�GJP0T�G�G�N!\dILUJTpG�I]�(l��aT�V��
GJE^V�I$Y�T�@�\HGJz`� � N��(IL�!ILU`qACFN!z�G�N�Y'G�P�Edz¦�(N!U��OILE^G�P�I`U]_`N�V�_`ILU�V�z]GJIL_�P�V�Edxy@�ILz(G�P0TpG]��ILU�IhK�I`z�Edc!VDI`K

r��



GJN�K�I`CeN!V�z�GJUJT�GJI¬G�P�I`N�U�ILG�Ed_`T�\3YvI`T�z�E^B�Ed\^E^G-l�qy�XPDEd_�PtT�U�I¬GJN�N�E^V�I��e_LEdI`VWG�G�N�B3I�@�z�I`KMEdV�S�UJT�_�GJE^_`I�q
N!U$U�I`\^l#N!Vt��VDN �XVjB'N�@�V�K�zXN!VnCFILz�z�T�c!I�K�I`\dTalAzhT�VDKjS�U�NA_LI`z�zhz�S'ILI`K�zL� � N �(IL��I`ULq3G�P�I��-VyG�I`U��
V�I�GOEdz{T�V¤T�z�l�V�_�P�U�N�V�Ed�LI`K¡I`VW��EdU�N!V�CeI`VWGa� ~ P�I#N!V�\Hl¢GJI`_�PDV�N!\dN�c�l¢GJP0TpG�EdzRz�@�EHG�T�BD\dIFYvN�U{N!@DU
��¯ ~ �-Q���?¢Edz�TpV¤T�\dc�N!U�EHGJP�C U�I`_LI`VWGJ\Hl�E^Vy��I`VWGJILK¤BWl2i��5f�T�z�G�U�N�TpV�K¤���&®«Edz��pN��'q5�XPDEd_�P2E^z
K�ILz�_`U�EdB3I`KnEdV � f�®�s�s!TDq3f�®�s!s�B"� �

� z�EdV�c�i��!f�T�z�GJU�N�T�V�KO�¬��®«Edz���N���� z]��lA�`T�VWGJE^V�I���Y�T�@�\^G���G�N!\dILUJT�VWG�T�\^c!N!U�EHGJP�Cnq��XP�Ed_�P{��I��XE^\d\
U�I�YvI`U�GJNnT�zRf�®���¯ ~ q«N!@�U���¯ ~ �-Q���?kS�U�N ��E^K�I`z�B3N�GJP�zJTpYvI�G-l¢T�V�K¢\^E^�!ILV�I`z�z�Tpz�z�@DCFE^V�c#GJP0T�G
V�NFCFN!U�I{§�U�ILS�\dE^_aT�zhT�U�IRY�Tp@�\^G-ltE^VgTez�l�z�G�I`C _`N!V�z�Edz�GJEdVDcFN�Y¦ªW§�¨ r�z�I`U���I`U�z`��?DTpYvILG-lnCeIaT�VDz
GJP�TpG�G�P�I#U�ILS�\dE^_aTpG�I`K�z�I`U���Ed_`I�B'ILP0Ta�!I`zO\^Ed�pI#Tg_LI`VWGJU�T�\dE^�`I`K�EdCeS�\dILCFILVyGJTpGJE^N!V�GJP0T�G�I£�DIL_`@DG�I`z
N!S3I`U�TpGJE^N!V�zeTpGJN�CFE^_aT�\^\^l�N!V�InTpG�T¢G�EdCeI�� ®«E^�!ILV�I`z�z�CeIaT�VDz�G�P0TpGFT�_L\dE^I`VWGO�XEd\^\�IL��I`VWGJ@0Tp\d\^l
U�IL_`ILE^�!I�GJPDIR_LN!U�U�I`_�G¬U�I`S�\Hl�YvU�N!C�GJPDIRz�I`U��!I`U�z`�

�-V�N!@DU{��¯ ~ ��Q���?'q�IaT�_�P�z�I`U��!ILU�P0T�zRE^G�z�N �XV�S�U�EH�pTpGJI���I�l!� � _`\^EdILVyGRz�I`V�K�z�TnU�I`xy@�ILz�G
GJN�T�\d\«G�P�I�U�I`S�\^Ed_aTpz¬N�Y¦T�z�ILU��!ILU�T�V�Kj��T�EHGJzhYvN!U¬ILV�N!@�c�P�T�@DG�P�I`VWGJE^_aTpG�I`KkU�I`S�\^EdILzhG�NMT�_`_LI`SDG�T
U�ILS�\^l#@�z�E^V�cOGJP�I{f�®���¯ ~ T�\dc!N�U�E^G�P�Cn�

# IjK�I`z�Edc!VDI`K G-�(N2K�EH©,ILU�ILVyGFz�_�PDI`CeI`zFYvN�UeU�IaT�K U�I`xy@�ILz�G�z#EdV ��¯ ~ �-Q���?'�¦�-V�GJP�Itw0U�z�G
z�_�PDI`CeI�qDz�I`z�z�EdN�V#��I�lAzLq��XP�Ed_�P�T�U�I¬I`z�G�T�B�\^Edz�P�I`KFBylF@�z�EdV�c{z�I`U��!ILU�z��AS�@�B�\^Ed_£�-S�U�E^�pTpGJIX�pILleS0T�E^U�z`q
T�U�Ig@�z�I`K�GJN�T�@DGJPDI`VWGJE^_aTpG�IgGJP�Ig_`N!CeC�@�V�E^_aTpG�EdN!VDzeB3ILG-�(I`ILV*_`\dE^I`VWGJz�T�V�K�z�I`U��!I`U�z`� �-V�GJPDI
z�IL_`N!VDK�z�_�P�I`CeI�q«�(IO@�z�IOSDU�I���c!I`VDI`UJT�GJI`K¢z�Edc!V0T�GJ@�U�I`z�GJN#T�@DGJPDI`VWGJE^_aTpG�I�GJP�I�U�I`S�\dTalkK0TpGJTD���-V
T�K�KDE^GJE^N!Vbq'T�U�IL_`ILVyG�\^lgc!I`V�ILUJTpG�I`K�z�Edc!V0T�GJ@�U�I{GJP�TpG�EdVD_`\d@DK�I`zhGJP�IOV�I���ILz�G���I`U�z�EdN!V�Vy@�C�B'ILU�N�Y
GJPDI�z�ILU���I`U�� z¦K0TpGJT�B0T�z�I(�XEHGJPOTX�!I`U�l�z�P�N!U�G&GJE^CFI£��GJN��-\dEH�!I5E^z&U�ILG�@�U�V�ILK�GJNhGJP�I�_L\dE^I`VWG&G�N�E^V�K�Ed_`TpGJI
GJP�TpG$GJP�I�U�I`S�\HlMEdz ������� ! �b@DSA��G�Np�-K0T�GJI��

��¯ ~ �-Q���?kz�@�SDS'N!U�GJz�KDl�V0TpCFE^_O@�S'K�TpGJION!S3I`U�TpGJE^N!V�z���I`U�lk��IL\d\ � ��V¢@�S3K0TpG�ION!S3I`UJT�GJEdN�V
EdzhK�N!VDI�EdVDK�I`S3I`V�KDI`VWGJ\HljE^VjILV�N!@�c�PkV�N!VA��Y�T�@�\HG-ltU�I`SD\dEd_`T�zXB'I�YvN!U�I{U�ILS�\^l�EdVDceG�NFGJPDI�_`\^EdILVyG�zhG�N
I`VDz�@�U�I�z�l�z�G�I`C�_LN!V�z�Edz�G�I`V�_�l!� ~ P�I�KDl�V0TpCFE^_�@�S3K0TpG�I`KMK0TpGJT�T�U�I�S�U�N�GJIL_LGJILKnT�z(�(I`\^\bT�z�NpGJP�ILU
K0TpGJTD�

��@�U���¯ ~ ��Q���?¡E^zeSDUJT�_�GJEd_`T�\�q]l!I�G�EHGe_aT�V�S�U�N���EdKDIjP�E^c!P�\Hl2z�IL_`@�U�Ikz�ILU���Ed_LI��6��@�U�S3I`U��
YvN!U�C�T�VD_`IFG�I`z�GOK0TpGJTgz�P�N��Xz�G�P0TpGON!@DU���¯ ~ �-Q���?�S3I`U�YvN!U�Cez�Tp\dCeN!z�G�T�z��(I`\^\�T�z{GJP�IMQ���?
z�IL_`@�U�E^G-ltI£�AG�I`V�z�EdN!V��0EdVtz�N!CeI�_aTpz�I`zhE^GXS3I`U�YvN!U�Cez$IL��I`VnY�T�z�G�I`U`�

~ Py@�z`q�GJP�E^z�GJP�ILz�E^zhCFT��pI`z$GJP�I�YvN!\^\dN��XEdVDc�_`N!VWG�U�EdBD@DGJE^N!V�z`

� ��G�S�U�N ��E^K�I`z&T�V�TpV0T�\^l�z�Edz«N�YAGJP�I�z�IL_`@�U�E^G-l���Ta�Xz[NpY�_`@DU�U�ILVWG5Q���?RT�VDK{GJPDI�Q���?�z�I`_`@DU�E^G-l
I£�AG�I`V�z�EdN!V,�

� ��GhK�ILz�_`U�EdB3I`zXGJP�IRK�ILz�Edc�VgT�VDKjE^CFS�\^I`CeI`VWG�T�GJEdN�V#N�Y¦Te�(l��aTpVyG�EdV�I£��Y�T�@D\^G���GJN!\^I`U�T�VWGXQ���?'q
�XP�E^_�PjE^z$CFN�U�I�z�IL_`@�U�IRG�P0T�VtGJP�IRQ���?Mz�I`_L@�U�EHG-ltI���GJILV�z�E^N!Vb�

r!r



� ��G�S�U�N��AE^K�I`z«I£�AS'ILU�EdCeI`VWGJT�\!U�ILz�@�\HGJzbG�P0TpG ��@�z�GJE^Y lhGJPDI¦S�UJT�_�GJE^_aT�B�E^\dEHG-l¬NpY�G�P�I¦V�I��¤�(l��aTpVyG�EdV�I£�
Y�T�@D\^G���GJN!\^I`U�T�VWG$Q���?3�

����� � )�� ���"� � �����������

~ P�I�U�I`z�G�N�Y«GJP�I¬GJP�ILz�Edz�Edz�N�U�cWT�VDEd�`ILKMT�z�YvN�\d\dN��XzL�]f�P0T�SDG�I`UXmRc!E^��I`z$T�B0Tpz�Ed_¬N��!I`U���EdIL� N�Y�GJPDI
K�N!CFT�E^V�V0T�CeIOz�l�z�G�I`Cnq�G�P0TpGREdzLqb�XP0TpGREdz�Q���?�T�V�K¢P�N�� E^G���N!U��yz`�Ff�P0T�SDG�I`U{ªMK�I`z�_`U�E^B'ILz
GJPDI�Q���?ez�I`_L@�U�EHG-leI���GJILV�z�E^N!VtT�V�KMTpV0T�\^l��LI`z�z�N!CeI�z�IL_`@�U�E^G-leEdz�z�@�ILz�N�Y�Q���?�T�V�K#Q���?ez�I`_L@A�
U�EHG-l#I£�AG�I`V�z�EdN!V,��f�P0TpSDGJILUho�K�ILz�_LU�EdB3I`zXGJPDIRKDI`z�E^c!Vnc!NWT�\,YvN�UX��¯ ~ ��Q���?MT�V�KtP�N��+GJN�K�ILz�E^c!V
N!@�U]��¯ ~ ��Q���?�@�z�E^V�c�GJP�I$VDIL����lA�`T�VWGJE^V�I���Y�T�@�\^G���G�N!\dILUJT�VWG¦Tp\dc!N!U�E^G�P�Cj��f�P�T�SDGJILU .�K�I`z�_`U�E^B'ILz
P�N��}�(I�EdCeS�\^I`CeI`VWGJILKMN!@�UX��¯ ~ �-Q���?�B0Tpz�I`KnN!VnT�VtI��AE^z�GJE^V�c�Q���?�z�N�Y G-��T�U�I�S0T�_���T�c�I{TpV�K
TR�(l��aT�VWGJE^V�I���Y�T�@�\HG���G�N!\dILUJT�VWG¦U�I`S�\^Ed_`TpGJE^N!V�\dEdBDUJT�U�l!�[f�P0T�SDG�I`U 4RK�ILz�_LU�EdB3I`z�GJP�Ihz�I�GJ@�S,qA_LN!VDw0c!@��
UJT�GJEdN�VbqDTpV�KMI��AS3I`U�E^CFILVWGJz$@�z�I`KMGJNOz�GJ@�KDlFGJP�I�S'ILU�YvN!U�C�T�VD_`I�N�Y&��¯ ~ ��Q���?3��f�P0TpSDGJILU 4OT�\dz�N
_`N�CFS0TpU�I`z�GJPDInS3I`U�YvN!U�CFT�V�_LItN�Y���¯ ~ ��Q���?2�XE^G�P�G�P�IjQ���?¤z�I`_L@�U�EHG-l�I���GJILV�z�E^N!V�T�VDK GJPDI
Q���?M�XE^G�P�N!@DGhGJP�I{z�IL_`@�U�E^G-ltYvIaTpG�@�U�ILz`�¬f�P0T�SAGJI`U9+eK�ILz�_`U�EdB3I`z¬z�N!CeI{S3N!z�z�EdBD\dIRI���GJILV�z�E^N!V�z¬G�N
��¯ ~ �-Q���?'��f�P0T�SDG�I`U 2OC�Tp��I`z$z�N!CeI�_`N!V�_L\d@�KDEdV�cON!BDz�I`U��pTpGJE^N!V�zXT�V�KtK�ILz�_LU�EdB3I`zXz�N!CFI�TpU�IaTpz
YvN!U�Yv@DG�@�U�I��(N!U����

r m



� � ��� ��	 � �

� � �

� �	� � /'�$#�/��"���

~ P�IhQ�N!CFT�EdV���T�CeIh?�l�z�G�I`CnqWN!U]Q���? � igN�_�2 +�T�qWigN�_�2 +�Bbqy?�G�Ias�o�q!ikQ92=2 � qWEdz]T�KDEdz�G�U�E^B�@DGJILK
K0TpGJT�B0T�z�IRG�P0TpGhEdzXCFT�EdVD\^lF@�z�ILKkBWlnT�S�S�\^Ed_aT�GJEdN�V�z�GJNeCFT�SjB3ILG-�(I`ILVkP�N!z�GJV0TpCFILz�T�VDKg�-°*T�KA�
K�U�I`z�z�I`zLq5T�V�K�G�NnSDU�N���EdK�I�N�G�P�I`U�EdCeS3N!U�GJT�VWG�EdVAYvN!U�CFTpGJE^N!VkTpB'N!@AG�GJP�I�K�N!CFT�E^V�N!U�GJP�I�P�N�z�Gaq
I�� c��HqAI£�-CFT�Ed\DU�N!@DG�EdV�c�E^VDYvN!U�CFTpG�EdN!Vb���hN�z�E^V�c!\^Ihz�E^G�IhN�VFGJPDI¬�-VWGJILU�V�I�G��yV�N��Xz$T�\^\DGJPDI�EdVAYvN!U�CFT��
GJE^N!VOEdVeQ���?'�!�-V�z�GJIaTpKbqyz�E^G�I`z]T�U�IXN!U�cWTpV�Ed�LI`KOEdV�P�E^I`U�T�U�_�P�E^_aT�\AK�N!CFT�EdVDz`�[Z�T�_�PeK�N!CFT�E^V�C�TpEdVA�
G�TpEdV�zXE^G�z$N��XVgK0TpGJT�B0T�z�I�N�Y5E^VDYvN!U�CFTpG�EdN!VMTpV�KjU�@�V�z¬Tez�I`U��!I`U¬S�U�N�c!UJT�C � � ����� !������ ��� 
(GJP0T�G
T�VWl¢P�N!z�GJz�T�_`U�N!z�z�GJP�Ie�-VWGJILU�V�I�G�_aTpV�xy@�ILU�l!� �¬V2T�SDS�\dE^_aTpG�EdN!V¢T�_L_`ILz�z�ILz�GJPDI�Q���?�G�P�U�N!@Dc!P
T � � !�� ��� ����� ~ P�ItU�ILz�N!\H�!ILUO_`N!VWG�Tp_LGJz�N!VDIMN!UOCFN�U�I#V0TpCFI#z�I`U��!I`U�zeG�N¢K�NkGJP�Itxy@�ILU�l!� ~ P�I
U�ILz�N!\H�!ILUh_LN!CeC�@�V�E^_aTpG�I`z��XE^G�PtV0T�CeI�z�I`U��!ILU�z�@Dz�EdVDceG�P�I ~ f�° !��-°�S�U�N�G�NA_LN!\dzL�

~ P�Edz¦_�P�T�SDGJILU5�XEd\^\AB3I`c!E^V��XE^G�P�T�K�I`z�_`U�EdSDG�EdN!VON�Y�G�P�I�P�E^I`UJTpU�_�P�E^_aT�\DQ���?�V0T�CeI�z�S0T�_`IXTpV�K
E^G�z(KDEdz�G�U�E^B�@DGJILK#T�KDCFE^V�Edz�GJUJT�GJEdN�Vez�GJU�@�_LG�@�U�IpqAYvN!\^\dN���ILK�BWleGJP�IhG-��N�G-l�S3I`z�NpY�T�_LG�E^��I�T�c!ILVWGJz�E^V
Q���?3q'GJPDIOV0T�CeI�z�ILU��!ILURT�V�KkGJPDIOU�I`z�N!\^��I`UL� ~ P�ILV¢E^G��XE^\d\�K�I`z�_`U�E^B'I�P�N��7G�P�I�Q���?gxy@�ILU�EdILz
T�U�I�U�ILz�N!\H�!ILKb��¯[E^V0T�\^\^l!qDE^Gh�XEd\d\«KDI`S�E^_LG�PDN � G�P�I�K0T�G�T�B0Tpz�I�E^VkQ���?nEdz¬N!U�c!T�V�Ed�LI`KgT�V�Kg�XP0T�G
�yEdV�KtN�Y[EdVDYvN�U�CFTpGJE^N!V�E^z$EdVMGJP�I�K0T�G�T�B0Tpz�I��

� ��� 6 	�* � 2
	�	 4��

~ P�I$Q���?{V0T�CeI�z�S0T�_LI�Edz&P�EdILUJT�U�_�P�Ed_`T�\��&¯[Edc�@�U�I�m ��r(S�U�N���EdKDI`z¦T�V�Ed\d\^@�z�G�UJTpG�EdN!V�N�Y0G�P�I�_L@�U�U�I`VWG
Q���?eV0T�CeI¬z�S0T�_`I�z�GJU�@�_LG�@�U�Ip�]Z]��I`U�l#V�N�K�I�E^V�GJPDI�P�E^I`UJTpU�_�P�E^_aT�\0GJU�I`I�P�T�z�T�\dT�B3I`\�� ~ P�I�U�NAN�G
N�Y5G�P�I{G�U�ILI�EdzhTez�S3I`_`EdT�\�V�NAKDIR�XEHGJPkTeVy@�\d\�\uT�B3I`\ � ~ P�I{K�N!CFT�EdVnV0T�CeI�N�Y]T�VWlnV�N�K�I�E^VjGJPDI
GJU�I`I�Edz�G�P�Ie\dEdz�G�N�Y(\uT�B3I`\^z`q«z�G�T�U�GJEdVDcjT�G�GJP0TpG�VDNAK�Ipq[TpV�K���T�\^�yEdV�ct@�S¢GJNtGJP�I�U�NAN�G`q«@�z�E^V�cnT

r�ª



S3I`U�E^NAK�GJN�z�ILS0T�U�TpGJI#G�P�IM\uT�B3I`\^z`��Z¦�!ILU�l¤VDNAK�IME^V�GJPDI#GJU�ILIMC�@�z�GOP0Ta�!InTk@�V�E^xy@�IMK�N!CFT�EdV
V0T�CeI�qDB�@DGXGJP�I�z�T�CFI�\dT�B3I`\b_`T�VgTpS�S'I`T�UhTpGXK�EH©,ILU�I`VWGhS3N!EdVWGJz$E^VMGJP�I�GJU�I`Ip�

~ P�I�GJN!SA��\dI��!I`\,K�N!CFT�EdV�zXTpU�I�K�EH�AE^K�I`KnEdVWG�N�YvN!@�UhT�U�I`T�z`
r!��TpU�S0T�E^z�T�z�S'IL_`EdT�\&KDN!C�TpEdVg@Dz�I`KkYvN�U�T�K�KDU�I`z�z���GJNp��V0T�CeI�CFT�S�S�E^V�c!z`q3I�� c��Hq'G�UJT�V�z�\uTpG�EdV�c

� ��� ����� ��� �	�	� �
����	��	����������� � E^SjTpK�K�U�ILz�zRr�2D� m�4D�5�D� o � 
�G�N��
� ������� ��� !�� ��� ��� ���� A�
mA�¦?�IL�!ILVeª��-_�P0TpUJT�_�GJI`U&K�N!CFT�EdVDz&TpU�I�_`T�\d\^I`KRGJP�I"! �������#�$�%� � ����� �"!�q�N!U�G�P�I ���&! � ��� �� �$����� ���

� � ����� �"!��]?AILI�¯&Edc!@�U�I�m ��mA�
ªD� ~ P�IFm �-_�P�T�UJT�_�GJILURKDN!C�TpEdV�z�TpU�I�B0T�z�I`K�N�V¢G�P�I�_`N!@DVyG�U�l¢_LNAK�ILz�YvN!@�V�K�EdV¢��? ��ªAr�4=4Dq

I�� c��Hq�GJP�I�� _`VnK�N!CFT�EdV#YvN�Uhf�P�EdV0TA� ~ P�I`z�I�T�U�I�_aT�\^\dI`K#G�P�I'� �� � ���)(*� � ����� �"!��
o��t?AI��!ILV¤S�U�N!S3N!z�I`K2V�I�� K�N!CFT�E^V�z`q�EdV�_L\d@�KDEdV�c+� � � �$!�q,� - � �Oq"��� �#%��q,� ��� �Oq,� � �.�`q,� ! � ��� �`q

T�V�K/��0 �21`q3T�U�I�EdVWG�I`V�K�ILKgGJN�T�_`_LN!CeCFN�K0TpG�I�GJP�IRUJT�SDEdKnI��AS0T�V�z�EdN!VgN�Y[G�P�I{�-VWG�I`U�VDILG�T�VDKjGJPDI
V�ILI`KjYvN�U$CFN!U�I�K�N!CFT�EdV�V0T�CeIRz�S0T�_LI�� ~ P�I`z�I{VDIL�=K�N�C�T�E^V�z$T�U�I�V�N�G$Yv@�\^\^l�Yv@DV�_LG�EdN!V0Tp\'l!I�Ga�

ikT�VWl�_`N�@�VWGJU�E^I`z�YvN!U�C z�IL_`N!V�K��-\dI��!IL\AK�N�C�T�E^V�zbB3I`V�I`TpGJPRGJP�ILEdU�m ��_�P0T�U�T�_LG�I`U�_`N!@DVyG�U�l�_LNAK�ILz
z�E^CFE^\uT�U�G�NFG�P�I�c!ILV�I`U�Ed_�KDN!C�TpEdV�zL3� ���� 4�����0q�YvN!UhI��DT�CeS�\dILz`q'EdzXYvN!U�ILK�@�_aT�GJEdN�V0T�\�EdV�z�GJE^G�@DGJE^N!V�z
EdVMG�P�I{f�P�EdV0TA�

¯[Edc�@�U�I�m ��r¬z�P�N��Xz�G�P�I�PDEdI`U�T�U�_�PDEd_aTp\3N�U�cWT�VDEd�aT�GJEdN�VeNpYbGJP�I�Q���?'qy�XP�E^_�P#Edz�z�E^CFE^\uT�U[G�N�GJPDI
� VDEH�nw0\dILz�l�z�G�I`Cn����G�T�\dz�N�z�P�N��Xz�GJP�I{B0T�z�E^_�E^K�IaTeN�Y �������`q��XP�Ed_�Pg�XE^\d\�B3I�K�ILz�_`U�EdB3I`KkE^VgGJPDI
V�I£�AGhz�I`_LG�EdN!V,�

� ��� & 1v* ���+�"���,# 	����" ��

~ P�IOTpK�CFE^V�Edz�GJU�TpGJE^N!VMN�Y¦GJPDI�Q���?nEdz¬T�\dz�N�P�E^I`UJTpU�_�P�E^_aT�\ � ~ PDI�K�I`\^I`cWT�GJEdN�VjN�Y]U�I`z�S'N!VDz�EdBDEd\dEHG-l
�XE^G�P�EdVjGJP�I�Q���?�E^z�N!V�I�N�Y]GJP�IOCeN!z�G�EdCeS'N!U�G�T�VWG¬YvIaTpG�@�U�ILz�N�Y]GJP�I�Q���?'�«�¬NMz�EdV�c�\dI�ILVWGJE^G-l
CFT�V0T�c!ILz�I��!I`U�l�\uTpB'IL\&E^VgGJP�I{GJU�ILI����-V�z�GJI`T�Kbq«N!V�I�I`VWGJEHG-lgCFT�EdVWGJT�EdV�z¬T#S3N!U�G�EdN!VjN�Y¦GJP�I{GJU�ILI
T�V�KnK�IL\dI`c!TpGJILzhU�I`z�S'N!VDz�EdBDEd\dEHG-l�GJNeN�GJP�ILU$I`VWGJEHGJE^I`z$YvN!U$z�S3I`_LE^w0_��LN!V�I`zL�

� ��������Edz�T#z�@�BAGJU�ILION�Y¦GJPDIOQ���?nG�U�ILI�GJP0T�G�Edz�T�K�CeEdV�E^z�GJILU�ILKkz�ILS0T�UJT�GJI`\Hl!� �7_`N!CeCFN�V
�`N�V�I¬E^z�TRz�I`_`N�V�KA�-\^IL��I`\3K�N!CFT�EdVbq ��� ��� ���� �qyYvN�U�I£�DT�CFSD\dI��5ikT�VWl�z�IL_`N!V�K��-\dI��!IL\'K�N�C�T�E^V�z5GJPDI`V
K�EH�AE^K�I$GJP�ILEdU¦�LN!V�IhEdVWGJNRz�CFT�\d\^I`U5�LN!V�ILz`�]¯0N!U]I��DT�CeS�\dIpq�ig� ~ K�EH�AE^K�I`z]EHGJz�IL\^Y'EdVWGJNR�`N�V�I`z�B0T�z�I`K
N!V�K�I`S0TpU�GJCeI`VWG�z�N!UR\uT�B�zLq[Ip� c��Hq ��� !�� ��� ��� ���� ��YvN!U�GJPDI#®�T�B3N!UJTpG�N!U�l¢NpYhf�N!CeS�@DGJILU�?�_`EdILV�_`I

T�V�K �������$��� ��� ��� ���� ��YvN�U�GJP�IRigILK�EuT�®�T�B 
£�

��V�_`I�G�P�I$T�@AGJP�N!U�E^G-l�YvN!U[T��`N!VDI�Edz&K�I`\^I`cWTpG�I`Kbq�E^G5E^z[@�S{GJN�GJPDI�S3I`U�z�N!V��XP�N�E^z[U�ILz�S3N!V�z�EdB�\^I
YvN!U#G�P�I��LN!V�I�GJN�S�U�N ��E^K�I�TpGn\dIaTpz�GMG-�(N�� ����� !������ ��� !�q¬�XPDEd_�P}_LN!VWG�T�E^V�GJP�I�zJT�CeI��`N�V�I
EdVAYvN!U�CFTpGJE^N!VnK0TpG�TpB0T�z�ILz`q«YvN!UhGJP�IO�LN!V�I�� # P�I`VDIL�!ILURT#V�IL� z�l�z�G�I`C E^z�EdV�z�G�T�\^\dILKkEdV�T#�LN!V�Ipq
GJPDI�Q���?nT�KDCFE^V�Edz�GJUJT�GJN!U�YvN�UXG�P�IR�`N!V�I{T�\^\dN�_aTpG�I`z$TeV0T�CeI{TpV�KgTpVj�-°*T�KDK�U�ILz�z¬YvN�UXG�P�IRV�IL�

rao



40.0.26.18.in-addr.arpa

second level
domains

top level
domains

com edu gov int mil net org ae us zw webarts. . . . . . . . .arpa

in-addr

18

26

0

40

mit

lcs

chord

ma

state

www
chord.lcs.mit.edu www.state.ma.us

country domainsgeneric domains

root

delegation

mit.edu zone, managed by MIT
delegation

lcs.mit.edu domain and lcs.mit.edu zone
managed by MIT LCS

proposed new domains

edu domain

mit.edu domain

¯[E^c!@�U�IR
m��r!� EdILUJT�U�_�P�Ed_`T�\bN!U�cWT�V�E^�aTpG�EdN!V�

N�Y&G�P�IR
Q���?

r,.



! 	 � 	 ��� !#:<B����
� ������	 � B 	"������:
_LN!C _`N!CeCFILU�_LEuT�\'N!U�cWTpV�Ed�`TpGJE^N!V�z N!UJTp_`\dIp� _LN!C
ILK�@ I`K�@�_`TpGJE^N!V0T�\,EdV�z�GJE^G�@DGJE^N!V�z CFEHGa� I`K�@
c!N�� N�GJP�ILU � � ?'�0c!N��!ILU�V�CeI`VWG�Tp\«N!U�cWTpV�Ed�`TpGJE^N!V�z �XP�E^G�I`P�N�@�z�Ip� N!U�c
E^VyG EdVWGJILU�V0TpG�EdN!V�T�\,N!U�cWT�V�E^�aTpG�EdN!VDz �XP�N�� EdVWG
CeEd\ � � ?'�0CFE^\dEHG�T�U�l V0Ta�yl!� CFE^\
V�I�G V�ILG-�(N!U��yz EdVWGJILU�V�E^_�� V�ILG
N!U�c N�GJP�ILUXN!U�cWTpV��aTpG�EdN!VDz`� @�Vb� N!U�c

¯[E^c!@�U�IRm ��mA ~ P�I�ª �-_�P0T�U�T�_LG�I`UXc!ILV�I`U�Ed_�K�N!CFT�E^V�z

z�l�z�GJI`C T�V�K¡I`VWGJILU�zOGJPDI`z�IME^VWGJNkGJPDI#V0T�CeI#z�ILU���I`U�� zeK0TpG�TpB0T�z�Ip� ~ PDIMV�I`ILK�YvN!U{K�I`\^I`cWT�GJEdN�V
Edz�N�By��E^N!@�z`�O�-V¢S�\dT�_`ILz�\dEd�pIOTMz�CFT�\d\&z�GJT�U�G�@�S�_LN!CeS0T�VWl!q�TMz�E^V�c!\dI�S'ILU�z�N�V�_`T�V¢C�T�V�T�c!I�GJPDI
K0TpGJT�B0T�z�I�T�V�K�T�K�K¢V�I��;P�N�z�GJz�G�NtG�P�IOK0TpGJT�B0T�z�I��O�(@DG�EdV�T#B�E^cM_`N!U�S'N!U�TpGJE^N!Vbq,�XPDEd_�P¢C�Tal
P0Ta�!I�Py@�V�KDU�I`KDzRNpY�G�P�N!@�z�T�V�K�z�NpY(_LN!CeS�@DGJILU�z�l�z�G�I`Cez`q�E^G�Edz�E^CFS3N!z�z�EdBD\dI�YvN!U�N!V�I�S'ILU�z�N�V�N�U
IL��I`VjN!V�I�c!U�N!@�SMGJNO�pI`I`Sj@�SM�XE^G�PtG�P�I��(N!U���� ~ P�I�Edz�z�@�I�Edz$I��!ILVjCeN!U�I�z�I`U�EdN!@�zXT�G�GJP�I�U�NAN�G
K�N!CFT�E^Vb� �-V�GJP�E^z�_aT�z�I�q�G�P�IjU�I`z�S'N!VDz�EdBDEd\dEHG-l��(N!@�\^K P0Ta�!ItGJN�B'ItK�IL\dILcWTpGJILK ��S�U�N!B�T�B�\^l2Byl
K�ILS0T�U�G�CFILVWGJz 
£����I`\^N �+T�U�I�z�N!CeIRz�T�CeS�\dI��LN!V�I`z$�XEHGJPtK�E^©'I`U�I`VWGhz�E^�`I`zL�

~ P�I(�¬ILG-�(N!U���?�N!\d@DG�EdN!VDz«�-V�_�� � �-VWG�s�s	��q��yV�N��XV�T�z«G�P�I(E^VWGJI`U�V0�¬��f ��GJPDI��-VWG�I`U�VDILG[�¬ILG-�(N!U��
�-VDYvN!U�C�T�GJEdN�V�f�I`VWGJILU 
�q(C�TpEdVWG�T�E^V�z�G�P�InQ���?¤U�N�N�GeT�V�K�z�N!CeI#GJN�S \^IL�!IL\$�`N!VDI`z`����GeEdzOGJPDI
I��A_L\d@�z�E^�!IgU�I`c�Edz�G�UJT�UFN�Y�V0TpCFILz#I`V�KDEdV�c2E^V}� _`N!Cnq�� V�ILGtTpV�K+� N!U�c�� ��\^\¬E^V�T�\^\�q�CeN!U�IjGJP�T�V
YvN!@�U�CeEd\^\dE^N!VjKDN!C�TpEdV�V0T�CeI`z�TpU�I�EdV�EHGJz�K0TpGJT�B0T�z�I�q�CeN!z�G�N�Y�GJPDI`C T�U�IOK�I`\^I`cWT�GJEdN�V�S'N!E^VWGJz`�
Z¦�!ILU�l�K0Tal�G�P�I`U�I#T�U�I�z�E �¢GJP�N�@�zJT�VDK¤V�IL� K�N�C�T�E^V�V�T�CFILz�TpU�I#TpK�K�I`K�GJNjG�P�I�K�TpG�T�B�T�z�IFByl
GJPDI{TpK�CFE^V�Edz�GJU�TpGJN!U(N�Y�GJP�E^z$�`N!V�IRT�_L_`N!U�K�EdVDc�G�NF@Dz�I`U�z���U�ILxy@�I`z�GJzXYvU�N!C
Tp\d\,N���I`UXGJP�I��(N!U�\^Kb�

~ P�I ��� !�� ��� ��� ���� ��`N�V�I�q�CFT�E^VyGJT�EdVDI`K¡BWl�G�P�Igf�N!CFSD@DGJILU �XI`z�N!@�U�_LI�?AILU���Ed_LI���U�N�@�S E^V
ig� ~ ®�f$?'q�Edz�GJP�Ij\uT�U�c!I`z�G��LN!V�IkE^V GJPDI ��� ��� ���� �KDN!C�TpEdVb�*��GJzFK0TpGJT�B0T�z�Ig_`N�VyGJT�EdVDzMm�2=2=.
K�N!CFT�E^VFV0TpCFILz � �¬S�U�E^\;4Aq'r�s�s!s 
]T�V�K#o�KDI`\dILcWTpG�EdN!VFS'N!E^VWGJz`�5igN!z�G�N�YbGJPDI�K�I`\^I`cWT�GJEdN�VFS3N!EdVWG�z
S3N!EdVWGOGJN�z�N�CFIMP�E^c!P�\Hl2KDl�V0T�CeEd_Mz�@�B��LN!V�I`zLq$I�� c�� 0 � � � � � ! !�� ��� !�� ��� ��� ���� �� ~ P�I ��� !�� ��� ��� ���� 
�`N�V�I�Edz$U�IL\uTpG�E^��I`\^l�z�GJT�B�\dIp�

igN!z�G¦N�Y�G�P�I��`N�V�I`z5E^V{G�P�I(YvN!U�C�T�G&NpY 0 � � � � � ���
��� � � _LN!VWG�T�E^V�N!V�\Hl{m¬K�N!CFT�E^V{V0TpCFILz`q!N!VDI
YvN!U]GJP�Ih��ILBMz�ILU��!ILUXT�V�K#N�V�I¬YvN!U]GJPDI�CFT�Ed\0z�I`U���I`ULq0T�V�K#VDN�Yv@�U�G�P�I`U(K�I`\^I`cWT�GJEdN�VFS3N!EdVWG`� ~ P�ILl
T�U�IR@Dz�@0T�\^\^lFN��XV�I`KjByltz�C�Tp\d\,BD@�z�E^V�I`z�z�I`z¬N!U$EdVDK�E^��EdKD@0T�\,S3I`N�S�\dIp� ~ P�ILlnT�U�I��!I`U�ltz�GJT�B�\dIp�

r�4



� ��� 6 	�* � 23� #�/'� # � 	���1 � �$�, �� /'�$#��

Q���?#P0Tpz�G-��N�G-l�S'ILz¬N�Y&T�_�GJEH�!I�_`N!CeS3N!V�I`VWG�z`�� ����� !������ ��� !�T�V�K � � !�� ��� ��� !��¦�¬T�CeI�z�I`U��!ILU�z
T�U�I�U�ILS'N�z�E^G�N!U�E^I`zhN�Y¦E^VDYvN!U�CFTpG�EdN!Vbq�T�V�K�T�VDz��(I`U�xy@�I`U�EdILz�@�z�EdV�c��XP�TpGJI��!I`U�EdVDYvN!U�C�T�GJEdN�VtG�P�ILl
S3N!z�z�I`z�zL� �hILz�N!\H�!I`U�z]EdVWGJILU�Y�T�_LIXG�N�_`\dE^I`VWG]S�U�N!c!UJTpCFzLqyT�V�K�I`C�B3N�KDl�GJPDI¬Tp\dc!N!U�E^G�P�CFz&V�I`_LI`z�zJT�U�l
GJNOw0VDKgT�V0T�CeI�z�ILU��!ILUhG�P0TpGXP0TpzXG�P�I�EdVDYvN�U�CFTpGJE^N!V#z�N�@�c!PWGhByl�GJP�I�_`\^EdILVyG`�

�������
	 < 	(/¥� 8 �&%34$�&%'�

�;V0TpCFI{z�I`U��!ILU�Edz�z�T�EdKjGJN#P0Ta��I�T�@DGJPDN!U�EHG-lnYvN�U�N!V�I��`N!V�I�N!U�C�@D\^GJE^S�\dI��LN!V�I`zL� ~ P�I�S3I`U�z�N!V
U�ILz�S3N!V�z�EdB�\^IRYvN!U¬T��`N!V�I{C�@�z�G�S�U�N ��E^K�I�TeS�U�E^C�TpU�lMV0TpCFI�z�ILU���I`U�YvN!UXGJP�TpG��LN!V�I�T�V�KgN�V�I{N�U
CeN!U�Ihz�IL_`N!V�K�T�U�leV0T�CeIhz�I`U��!ILU�z`� ~ P�I¬S�U�E^C�T�U�lOV0T�CeIhz�I`U��!ILU�YvN!U�T{�LN!V�I�U�IaT�KDz(GJPDI�K0TpGJT�YvN�U
GJPDIF�LN!V�IOYvU�N!C Ttw0\^I�N!V�EHGJz�P�N!z�Ga� � z�I`_LN!V�K0T�U�l�V0T�CeIez�I`U��!I`URYvN!U�Tt�`N!V�Iec!I�GJz�GJP�I��`N�V�I
K0TpGJTnYvU�N!C T�V�N�G�P�I`URV0T�CeI�z�ILU��!ILU�GJP�TpG�E^z�Tp@DGJP�N�U�E^GJTpGJEH�!I�YvN!U�GJPDIF�LN!V�I�q[_aT�\^\dI`K�E^G�z ���	! � ���
!������ ���£� �-V CFN!z�G�_`T�z�Ipq�GJP�IjC�Tpz�GJILU�z�I`U���I`U#E^zeG�P�IgSDU�EdCFT�U�l¤z�ILU��!ILU`qhB�@DG�E^GFT�\dz�N�_`T�V�B3I
T�V�NpGJP�ILUhz�I`_LN!V�K0T�U�ltz�ILU��!ILU`�

# P�I`V¡TjV�IL� P�N!z�G�E^z�T�KDK�I`K2G�N�Tj�LN!V�I�q¦N�U{z�N!CFIFU�IL_`N!U�K�z�V�ILI`K2GJNjB'I�_�P0T�V�c!ILKbq5GJPDI
T�K�CeEdVDEdz�G�UJTpG�N!U$�XEd\^\�CeN�K�E^Y l#G�P�I�K0T�G�T�B0Tpz�I�E^VjGJPDI�S�U�E^C�TpU�ltz�ILU���I`U`��Z]K�EHGJEdVDcFGJPDI�K0TpGJT�B0T�z�I
w0\^I�K�E^U�I`_�GJ\Hl�TpV�K�V�N�G�E^Y l�EdVDchG�P�I�S�U�EdCFT�U�l�z�I`U���I`U5G�N�U�IL\dNWT�KRGJP�I�K0TpG�T¬Edz&G�P�I�I`T�z�E^I`z�G]T�V�KOCeN!z�G
_`N�CFCeN!V���Tal�G�Nj@�S3K0TpG�IOGJP�I�K0TpGJT�B0T�z�I�� � z�I`_LN!V�K0T�U�l¢z�ILU��!ILU�xy@�ILU�EdILz{EHGJz�CFT�z�G�I`U�z�ILU���I`U
N!VjTOU�I`c�@�\uT�U�B0T�z�E^zhT�V�KnE^Y�GJP�I�CFT�z�G�I`UXz�ILU���I`Uh_`N!VWG�TpEdV�zXV�I��+K0TpGJTDqDG�P�I�z�I`_LN!V�K0TpU�lnN!BDGJT�EdV�z
GJPDIMV�IL��K0TpG�T�TpV�K¡@�S'K�TpGJILzeEHGJz�K�TpG�T�B�T�z�Ip� ~ P�E^zOEdzOU�I�YvI`U�U�I`K�T�z�T ������� � ��� �"!$#%���£�2Q���?
@�z�I`zOGJP�E^z�z�E^CFSD\dI�U�I`S�\^Ed_`TgCFN�K�I�G�N�EdCeS�U�N���IMTa��TpEd\uTpB�Ed\^E^G-l!�j��Y�N�V�IMV0T�CeI#z�ILU���I`U�Edz�KDN �XV,q
U�ILz�N!\H�!ILU�z�_`T�V�z�GJE^\d\¦@�z�I�N�G�P�I`URV0T�CeI�z�I`U��!ILU�z`�"��\^z�Nt��N�U��y\dNWTpK�_aTpV�B3IFK�E^z�G�U�EdBD@DGJILK�G�Ngc!I�G
B3ILG�G�I`UXS3I`U�YvN�U�CFT�V�_`Ip��?AI`_�GJE^N!Vkm��/4D� m�S�U�N���EdKDI`zXCFN�U�I�K�I�G�T�E^\dz�N!V ������� ����� �"!$#%�����

��������� � �&��"$��4$�[%3�

 � !�� ��� ��� !$T�U�I�GJP�IR_`\^EdI`VWG�zXG�P0TpG¬T�_L_`I`z�z�V0TpCFI�z�ILU���I`U�zL��°]U�N!c�UJT�CezXU�@�V�VDEdV�ceN!VjTeP�N�z�GXGJP0T�G
V�ILI`K�zhEdVDYvN�U�CFTpGJE^N!V#T�B3N!@DG¬TOK�N!CFT�E^VMV0T�CeI�@�z�I�GJPDIRU�I`z�N!\^��I`U`� ~ P�I�U�ILz�N!\H�!ILUhP�T�V�K�\^I`z`

� xy@�ILU�l�EdV�ceV0T�CeI�z�ILU���I`U�z�T�_`_LN!U�KDEdV�cOGJN�U�I`xy@�I`z�GJzhYvU�N!C S�U�N!c�UJT�Cez

� E^VyG�I`U�S�U�I�GJEdVDceU�I`z�S'N!VDz�I`zLq0�XP�Ed_�PnC�TalM_LN!VWG�T�E^VMGJP�I�U�ILxy@�I`z�GJI`KgK0TpG�TON!UXTpVjILU�U�N�U

� U�ILGJ@DU�V�E^V�cOGJP�I�EdVAYvN!U�CFTpGJE^N!VFG�NeG�P�I�S�U�N�c!UJT�Cez�G�P0TpGhU�ILx�@DI`z�G�I`KjE^G

r,+



�-V�CeN!z�G�z�lAz�GJILCFzLqpGJPDI(U�I`z�N�\^�!ILU&E^z ��@�z�G&TXz�ILG&N�YD\dEdBDUJT�U�l�U�N�@DGJE^V�I`z«GJP�TpG�_aT�V{B'I]_aTp\d\dILK�YvU�N!C
T�VWl#SDU�N!c!U�T�Cn� ~ P�I ! ���$� � ! ��1�( � �����XTpV�K#GJP�I ! ��� � � ! ��1�(��	�	� ��T�U�I�G�P�I�G-�(NFCeN!z�G�YvU�I`xy@�ILVWGJ\^l
_aTp\d\dILKMU�ILz�N!\H�!I`UXYv@�V�_�GJE^N!V�z`�

� ��� � ���$#j� � � �, %�������" ��

~ P�ILU�I{T�U�IRmO�yEdV�K�zXN�Y&xy@�I`U�EdILz`]U�IL_`@�U�z�E^��I�TpV�KjEHGJILUJTpG�E^�!Ip�
�hIL_`@�U�z�EH�!IRx�@DI`U�E^I`zhS�\uTp_`I�CeN!z�GXN�Y�GJPDIRBD@�U�K�ILVjNpY[U�I`z�N�\d@DG�EdN!VtN!VnTOz�E^V�c!\dI�V�T�CFI�z�I`U��!I`UL�

�¬Y G�I`U�U�I`_LI`E^��E^V�c¢TkU�IL_`@�U�z�E^��Itx�@DI`U�l�q�G�P�IMV0T�CeI#z�I`U���I`U�Edz{GJP�ILV¤N!B�\dE^c!I`K�GJN�U�ILz�S3N!V�K¤�XE^G�P
GJPDIRU�I`xy@�ILz�GJILKkK0TpGJTON!U$�XE^GJPnT�VnI`U�U�N!U$z�G�TpG�EdV�cOG�P0TpGhK0TpGJT�NpY&G�P�I�U�I`xy@�ILz�G�I`KgG-l�S3I{K�N�I`zXV�NpG
I��AE^z�GXN!U�G�P0TpG�G�P�I�K�N!CFT�E^V#V0T�CeI�z�S3I`_LE^w0ILKtK�NAILz$V�N�G$I£�AEdz�G`� ~ P�I�V0T�CeI�z�ILU���I`UX_aT�VDV�N�G ��@�z�G
U�I�YvI`U�G�P�I�x�@DI`U�E^I`U�G�NjTMK�EH©,ILU�ILVyG�V�T�CFIOz�I`U��!I`ULq&B3I`_`T�@�z�IeG�P�IOxy@�I`U�l¢Edz�U�I`_`@DU�z�EH�!Ip�e�-VDz�GJI`T�K
E^G�C�@�z�GO_`N!VWGJT�_LG�G�P�I � � � !�� ! ��� ����0 ��V�T�CFIFz�ILU��!ILU�zL� �¥U�I`_`@DU�z�EH�!IMxy@�ILU�l2_`T�V¤B3I#z�ILVyGOG�N
GJPDI`z�I�� � � !�� ! ��� ����0 ��z�ILU��!ILU�z�G�N�N!B�\^Edc!IXGJP�ILC GJN�w0VDK#GJP�I�TpV�z��(I`ULq�B�@DG�CFN!z�G�V0TpCFI¬z�I`U��!ILU�z
S3N!\dEHGJI`\Hl�z�I`V�KMEHGJI`U�TpGJEH�!Ihxy@�I`U�EdI`z(GJN�NpGJP�ILU�V0T�CeIhz�I`U��!ILU�z���_L\dN!z�I`U	�{GJN{G�P�I�KDN!C�TpEdVeV0T�CeI¬EHG� z
\dN�N!�yEdVDc�YvN!U`�

�-V EHGJILUJTpG�E^�!I�U�I`z�N!\d@DG�EdN!V,q�T¤V0T�CeI�z�ILU��!ILUgz�EdCeS�\^l c!E^��I`zMGJPDI�B3I`z�GkTpV�z��(I`UnE^GtTp\dU�I`T�KDl
�yV�N��Xz�GJN�G�P�I�xy@�ILU�EdILU`� ~ P�I�x�@DI`U�E^I`K�V0TpCFI{z�I`U��!ILUR_LN!V�z�@�\^G�z�E^G�z�\dN�_aTp\�K�TpG�T#TpV�K�\dN�N!�yzhYvN�U
GJPDIeK�TpG�TMU�ILxy@�I`z�GJI`K,�F��Y(E^G�K�N�I`z�V�NpG�w0V�K¢GJP�I�K0TpGJT#GJP�ILU�I�q�EHG�C�T��pI`z�E^G�z�B3I`z�G�TpG�GJI`CeSDG�G�N
c!EH�!I{G�P�I�xy@�ILU�E^I`U�K0T�G�TeG�P0TpG¬�XEd\d\�P�IL\dSjE^G¬_`N!VWGJE^Vy@�I�GJPDI�U�ILz�N!\^@DGJE^N!VgSDU�N�_`I`z�z`qbc�I`V�ILUJT�\^\^l!q�GJPDI
�-°�T�KDK�U�ILz�z�ILz�N�Y�GJPDI � � � !�� ! �
� ����0 �eV0T�CeI�z�ILU��!ILU�zL�

� � � !�� ! ��� ����0 �XV0TpCFI5z�I`U��!I`U�z[TpU�I5GJPDI¦z�I`U��!ILU�z5Tp@DGJP�N�U�E^GJTpGJEH�!I�YvN!U,GJPDI��yV�N��XVR�`N!VDI�_L\dN!z�I`z�G
GJN#G�P�IOK�N!CFT�E^VkV0T�CeI�B3I`EdVDcM\dN�N!��ILK�@�Sb�{¯�N�U�I��DT�CeS�\dIpq,YvN!U�T#xy@�ILU�lk�XPDEd_�P¢\dN�N!�yz�@�S�GJPDI
T�K�KDU�I`z�z�N�Y&GJP�I{K�N!CFT�EdVnV0T�CeI*�
� ������� ��� !�� ��� ��� ���� Aq�G�P�I�V�T�CFI�z�I`U���I`U�z�YvN!U¬�LN!V�I ��� !�� ��� ��� ���� 
�XEd\^\«B'IRGJP�I � � � !�� ! �� ����0 �#V0TpCFIRz�ILU��!ILU�z�EHY[GJPDI`EdU¬�-° T�K�K�U�I`z�z�I`z�T�U�I{�yV�N��XV¢BWltGJP�I{V0T�CeI
z�ILU���I`U�GJP�TpGOU�IL_`ILE^�!ILK¤GJP�I#xy@�ILU�l �(G�P�I#V0TpCFIFz�I`U��!ILU�zOYvN!U��LN!V�I#CeE^G`� ILK�@��XE^\d\]B'IFGJP�I#VDI���G
_aTpV�K�EdK�TpGJILz`����Y�VDI`E^G�P�I`U�TpU�I��yV�N��XVbq�G�P�I�V0T�CeIOz�ILU��!ILU{P�T�z�GJNt_`N!VWGJT�_LG � N�URU�ILG�@�U�V¢GJP�IO�-°
T�K�KDU�I`z�z�ILz�N�Y 
(GJP�I�� ����� � ����� !������ ��� !��

�¬N¢V0T�CeIMz�ILU���I`Ue��VDN �XzeP�N���G�N¢_`N!VWG�Tp_LG�IL��I`U�l NpGJP�ILUOV0T�CeIMz�I`U��!ILU`�¡�-V�z�G�IaT�K�IL��I`U�l
V0T�CeItz�ILU��!ILU�C�@Dz�Ge�yV�N��
P�N��¥GJN�_`N�VyGJT�_LGeGJPDI � ����� � ����� !������ ��� !�� �¬zeNpY ��SDU�Ed\�ras!s!sDq
GJPDI`U�IF��ILU�I#GJPDEdU�G�I`ILV¤U�N�N�G�V�T�CFIFz�ILU��!ILU�z�K�E^z�GJU�EdB�@AGJI`K2T�\d\]N��!ILU�GJP�I��(N!U�\dKb� ~ PDI#S�U�E^C�TpU�l
z�ILU���I`U�� � ������ ����� �� �  � ����� � �dq��XP�N!z�I��-° T�K�KDU�I`z�z�Edz�r�s�2D� oDr!�/�A� o�q�E^z{CFT�EdVWGJT�EdV�ILK¢Byl
GJPDI��¬I�G-��N�U���?AN!\d@AGJEdN�V{�-V�_�T�V�K{Edz�\dN�_aTpG�I`K�E^V � I`U�KDN!Vbq�� ��q � ?3���¬\d\WGJP�I(V0T�CeI(z�I`U��!I`U�z¦C�@�z�G
�yV�N��*GJP�I¬�-° T�KDK�U�ILz�z�ILz$N�Y«I`T�_�PMU�N�N�G(z�I`U��!ILU`� ~ P�I�U�NAN�G(z�ILU���I`U�z�G�P�I`VM�yV�N��*GJPDI�V0T�CeI�TpV�K

r�2



name server
root

resolver

name server

name server
server for pku.edu.cn

name server

cn

edu.cn

pku.edu.cn

local

name

server

query

answer

IP address of name
server for .cn

IP address of name
server for .edu.cn

IP address of name

address of 
www.pku.edu.cn

query for address of
www.pku.edu.cn

query for address of
www.pku.edu.cn

query for address of
www.pku.edu.cn

query for address of
www.pku.edu.cn

jp uscnorgcom

root

ac edu co sh

pku shnet tsinghua

¯[Edc!@DU�I�m �-ªD � �XI`z�N�\d@DG�EdN!VtN�Y[T �hIL_`@�U�z�E^��I 0�@�ILU�l

�-°�T�KDK�U�ILz�zhN�Y[I`T�_�PkTp@DGJP�N�U�E^GJTpGJEH�!I�V�T�CFI�z�I`U��!I`UXYvN!UXT�\^\,GJPDIRz�I`_LN!V�KA��\dIL��I`\�K�N!CFT�E^V�z`�
� ���
��� � !{Edz¬TFYv@�VDK0T�CeI`VWG�T�\�S�U�N!S'ILU�G-ljN�Y5G�P�IOQ���?3� ~ P0T�G�EdzLq3�XPDI`V¢T�V0TpCFIRz�ILU��!ILU�U�I£�

_`ILE^��I`z�E^VDYvN!U�CFTpG�EdN!V�TpB'N!@AG�TnC�T�SDS�EdV�cDq�EHG�CFTal�_aTp_�P�I�GJP�TpG�E^VDYvN!U�C�TpG�EdN!V�z�NjG�P0TpG�Tj\uT�GJI`U
xy@�I`U�l#YvN!U�G�P�I�zJTpCFI�E^VDYvN!U�CFTpG�EdN!Ve_aT�Vt@�z�I�GJP�I�_`T�_�P�I`KnU�ILz�@�\HGXT�V�KM�XE^\d\3V�N�GXU�ILz�@�\HG$EdVtTpK�K�EH�
GJE^N!V0T�\3xy@�I`U�EdILz�GJNON�G�P�I`U�z�I`U��!I`U�z`� ~ P�Edz�CFIL_�P0T�V�E^z�C�N��FN!T�K�z�G�P�I�U�N�N�G$z�I`U��!I`U�zhT�V�KMU�ILK�@�_LI`z
GJPDI{Q���?�GJUJT �F_�N!VtGJPDIR�-VWG�I`U�VDILGa�

�������
	 � �&��"$�����0��"$� 8 	�/��R���&�

¯[E^c!@�U�IOm ��ª#z�P�N��Xz�G�P�IOU�IL_`@�U�z�EH�!I�U�ILz�N!\^@DGJE^N!V�S�U�N�_`ILz�z�YvN!U�G�P�I�T�K�KDU�I`z�z�N�Y�T#U�IaT�\[P�N!z�G�E^V¢T
U�I`T�\bK�N�C�T�E^VbqDE^V�_`\^@�K�E^V�c�GJPDIRSDU�N�_`I`z�zX_`N!U�U�I`z�S'N�V�K�zXGJN�GJU�Ta�!I`U�z�E^V�ceG�P�I�K�N!CFT�EdV�V0T�CeI�z�S0T�_LI
GJU�I`Ip�

� U�ILz�N!\H�!I`U�z�I`V�KDz{T#xy@�ILU�lkG�NtT#\dN�_aT�\�V0T�CeI�z�I`U���I`U�YvN!U�G�P�IO�-°+TpK�K�U�ILz�z�N�Y 0 0 0 � � �  ����
���� ������0� ~ PDIM\dN�_aT�\�V0T�CeI#z�ILU���I`U�z�I`T�U�_�P�ILzFEHGJz{K0TpG�TpB0T�z�ItTpV�K¤_aT�_�PDIjTpV�K2w0V�K�z�V�N�ILVWGJU�l
YvN!U 0 0 0 � � �  �� ���� 4�����0q�V�N!V�ItYvN!U�� �  4� ���� ������0q ���� ������0q�N�U����0��?AN�G�P�In\dN�_aT�\$V0TpCFItz�ILU���I`U
xy@�I`U�EdILz�TtU�NANpG�V0T�CeI�z�I`U���I`U�YvN!U�G�P�IOT�K�KDU�I`z�z�N�Y 0 0 0 � � �  4� ���� ������tT�V�K¢Edz�U�ILYvILU�U�I`K�GJNMGJPDI
���kV0TpCFIFz�I`U��!ILU�z`� ~ P�I#\dN�_aTp\¦V0T�CeIFz�I`U���I`U�T�z��yzOT/����V0TpCFIez�ILU��!ILU�GJP�IFzJT�CeIex�@DI`z�G�EdN!V,q
T�V�K�EdzOU�ILYvILU�U�ILK�G�N�GJP�I ���� 4������V0T�CeIMz�ILU���I`U�zL��� ���� �������V�T�CFIMz�I`U��!I`UFU�I�YvI`U�zOG�P�It\dN�_aT�\
V0T�CeI�z�I`U��!I`U�G�N�GJPDI � �  4� ���� ������#V0TpCFI{z�I`U��!ILU�z`�R¯[E^V0T�\^\^l!q0G�P�I�\dN�_aTp\�V�T�CFI{z�ILU��!ILU�c!ILG�z�GJPDI
T�V�z���ILU�YvU�N�C
T � �  �� ���� 4�����FV0T�CeI{z�I`U��!I`U�T�V�Kgz�I`V�KDz�GJP�I{T�V�z���ILU�B0T�_��MG�NFGJPDI{U�I`z�N�\^�!ILU`�X��Y
GJPDI�\dN�_aTp\�V�T�CFIez�ILU���I`UOP0T�SDS'ILV�z{G�Nk�yV�N�� G�P�I��-°�T�KDK�U�ILz�z�N�YhTnV0T�CeI�z�I`U���I`U�NpY ���� 4�����0q

r�s



name server
root

name server

name server

name server

lcs.mit.edu

cn

edu.cn

pku.edu.cn

IP address of name
server for .cn

IP address of name
server for .edu.cn

IP address of name

address of 
www.pku.edu.cn

query for address of
www.pku.edu.cn

query for address of
www.pku.edu.cn

query for address of
www.pku.edu.cn

query for address of
www.pku.edu.cn

jp uscnorgcom

root

ac edu co sh

pku shnet tsinghua

server for pku.edu.cn

www.pku.edu.cn
query for address of

IP address of name
server for root

resolver

name server

¯[E^c!@�U�IRm��-o�
� �XI`z�N!\d@DG�EdN!VMNpY5T���GJILUJTpG�EdN!V 0�@�ILU�l

E^Gh_`T�VkK�E^U�I`_�GJ\HlM_`N!VWGJT�_LG¬GJP�E^z¬V0TpCFIRz�ILU��!ILU��XE^G�P�N!@DG¬T�z��yEdV�c�TFU�N�N�GhV0T�CeIRz�I`U��!ILU�T�V�KgT ���
V0T�CeI�z�ILU���I`UXw0U�z�Ga�

¯[Edc�@�U�Inm ��o¢z�P�N��XzFG�P�ItE^G�I`UJT�GJE^��IMU�ILz�N!\^@DGJE^N!V¡S�U�N�_`ILz�z�YvN!U�GJP�InT�KDK�U�ILz�z�NpY�T¢U�I`T�\$P�N!z�G
EdV�TgU�I`T�\�K�N!CFT�EdVb� ~ P�E^z�S�U�NA_LI`z�z�EdzRz�E^CFE^\uT�U�G�NjGJPDI#S�U�N�_`ILz�z�E^V2¯[E^c!@�U�I#m �-ªDq[I£�A_`I`SAG�GJP0T�G
GJPDI�U�ILz�N!\H�!I`U�Edz�z�C�T�U�GJILU�P�ILU�I�� ~ PDI�S�U�N�_`ILz�z$_`N�U�U�ILz�S3N!V�K�z�G�N�GJU�Ta�!I`U�z�E^V�c�GJP�I�K�N!CFT�EdVFV0T�CeI
z�S�T�_`I�GJU�I`I�Edz$P0TpV�K�\dILKtBylMG�P�I�U�ILz�N!\H�!I`UXEHGJz�IL\^Y�qAEdV�z�GJIaTpKjN�Y�GJPDIR\^NA_`T�\,V�T�CFI�z�I`U���I`UL�

� ��� � � �, %��# 4A� � � 4� �# 1��

~ P�IOK0T�G�T�B0Tpz�I�E^V�T#V0T�CeI�z�I`U���I`U�_`N�V�z�E^z�GJz�N�Y�K0TpG�TFI`VWGJU�EdI`z�_`T�\d\^I`KgQ���? � � !��� � � � � �.� ��� �	!�q
N!U � �hzL� � U�I`z�N�\^�!ILU{z�I`V�KDz�TMU�ILx�@DI`z�G{GJNjTMV0T�CeIez�I`U��!I`URGJNnT�z��kYvN!U�N!V�I ���7N!URTnz�ILGRN�Y
� �hzL�

����� �
	 ��"�%'/¥	]�

��\^\bN�Y�GJP�IRQ���?MU�I`z�N!@�U�_LI{U�I`_LN!U�K�zhP0Ta�!I{TOz�E^CFE^\uT�U]YvN!U�CFTpG � ¯[Edc�@�U�IRm � . 
��
~ P�IFw�U�z�G{w0I`\^K�E^V2T�VWl � � EdzRT�\^��Tal�z�TjKDN!C�TpEdV¢V0T�CeIOGJP0TpG{EdzREdV¢GJPDIFK�N�C�T�E^V¢V0T�CeI

m��



� 	 � 	 ���6��	"�E: � ��� � N!SAGJEdN�V0T�\ 
 � � 	 BCB � ? � : � 	 � 	

¯[Edc�@�U�I�m�� .A ~ P�IR¯0N!U�C�TpG�N�Y5Q���? ���Xz
z�S�T�_`Ip�(��GXE^zXT�\dz�Ne_`T�\d\^I`K ��0 �����(N�Y&G�P�I �����

~ P�I]z�IL_`N!V�KRN!SDG�EdN!V�T�\pw0IL\dK�E^z�T ~ EdCeI���G�Np��®«EH�!I � ~$~ ® 
'��Tp\d@�Ipq �XPDEd_�P�EdV�KDEd_aT�GJI`z'GJP�I¦\^I`V�c�G�P
N�Y�GJE^CFI¬GJP0TpG$G�P�I�EdVAYvN!U�CFTpGJE^N!V�E^V#GJP�E^z ��� z�P�N�@�\dKtB3I�_`N!V�z�EdK�ILU�ILKn�pT�\^EdKb�5��GXE^z�GJPDI{TpCFN!@DVyG
N�Y(GJEdCeI�G�P0TpG{T�VWl¢V0T�CeI�z�I`U��!ILU{E^z{Tp\d\dN��(I`K�GJNn_aTp_�P�IeG�P�IeK0TpG�TA� �hY GJILURG�P�I ~$~ ®�I��AS�EdU�I`zLq
GJPDIRV�T�CFI�z�I`U���I`U¬C�@�z�GhK�E^z�_`T�U�KtGJP�I�_`T�_�P�I`KjK0TpGJTFT�VDKjN!SAGJEdN�V0T�\d\Hlec!ILGhV�I��=K0TpGJT�YvU�N!C�GJPDI
T�@DG�P�N!U�E^G�T�GJE^��I]V0T�CeI(z�I`U���I`U�z ��N�GJP�ILU��XE^z�I�q�_�P0T�V�c!ILz&G�N¬GJP�TpG5K0T�G�T¬N�V{GJPDI�T�@DG�P�N!U�E^G�T�GJE^��I]V0T�CeI
z�ILU���I`U�zh��N�@�\dKtV�I��!I`UhU�I`T�_�PjG�P�I�V0T�CeI�z�ILU��!ILU�zhGJP0TpGX_`T�_�P�I�GJP�I�N!\^KtK0TpG�TA�

~ P�I�GJP�E^U�K¢w0I`\^K�E^V�K�Ed_`TpGJILz�GJP�I � � � � �	! !�� �¬\^G�P�N!@�c!P¢E^V�G�NAK0Tal�� z�Q���?�K�TpG�T�B�T�z�ILz{GJPDI
z�G�U�E^V�c � ��� ��Edz�CFN�z�G(\dEd�pI`\Hl�GJN{B'IhYvN!@�V�KeGJN�E^V�K�E^_aTpG�IhG�P0TpG�GJP�I ����Edz]YvN!U��-VWGJI`U�V�ILG`qAG�P�Edz]w0I`\^K
Edz$z�GJE^\d\,SDU�I`z�I`VWG�YvN�U$P�Edz�GJN!U�Ed_aTp\,S�@�U�S'N�z�I`z¬T�V�Kt_LN!CFS�TpGJE^B�Ed\^E^G-l��XE^G�PnN�\dK�ILU$z�l�z�G�I`Cez`�

~ P�IXYvN!@�U�G�POw0I`\^KeE^V�K�E^_aTpG�I`z5GJPDI �$(.�"�]N�Y � �R� ~ PDEdz¦w0I`\^K�Edz5YvN!\^\dN���ILK�BylOT�K�TpG�T�w0IL\dKOGJP0T�G
EdzRz�S3I`_LE^w0_FGJNgG�P�IFG-l�S3I�� ~ PDI`U�ItTpU�IFT�B'N�@DG�o �nK�E^©'I`U�I`VWG�G-l�S3I`zLq�z�N!CeIFN�Y$�XPDEd_�P¤T�U�I�V�N��
N!B�z�N!\dI�GJIp��¯[E^c!@�U�I�m � 4Fz�P�N��Xz�z�N!CeI�_LN!CeCFN!VgT�V�KkE^CFS3N!U�G�T�VWGXG-l�S'ILz�T�V�Kg�(I��XE^\d\«K�ILz�_`U�EdB3I
GJPDI`C¥E^VnKDILG�TpEd\bE^VtG�P�I�YvN!\d\^N��XEdV�c�z�@�B�z�I`_LG�EdN!V,�

�@? � : ��:<B����
� ������	 �
? � � z�GJT�U�GhN�Y[T�@DG�P�N!U�EHG-l
� �-°�T�K�KDU�I`z�z
��? V0T�CeI�z�ILU��!ILU
f�� ��igZ _aT�VDN!V�Ed_`T�\bV0TpCFI
° ~ � S'N�EdVWGJILU$U�I`_LN!U�K
i ! C�TpEd\,I£�A_�P0T�V�c!IRU�IL_`N!U�K

¯[E^c!@�U�I�m � 4D�?�N!CFI�E^CFS3N!U�G�T�VWG � � G-l�S'ILz

~ P�IO_`N�C�B�EdV�TpGJE^N!VjNpY������	��
������
����������
��������! �"#�%$ E^z�V�N�G�T�S�U�E^C�TpU�lt��I�lgYvN!U ���Xz`q
E�� I��HqDG�P�I`U�I{_`T�VtB'I�C�@�\HGJE^S�\dI ���Xz$�XE^GJPMG�P�I�zJT�CeI�V0T�CeI�q0_L\uT�z�zXT�V�KtG-lAS3IREdVMN!V�I��LN!V�I��

����� ��� 8 �0	�%�� "'&g)+���0.�"�%,�-�W � �[9�"�%,6

Z�T�_�P��LN!V�I�P0T�z�N!VDIFTpV�K�N�V�\^lgN!V�I�z�GJT�U�GRN�Y�T�@DG�P�N!U�EHG-l ��? � � 
�U�I`_LN!U�Kb�e��G�_`N�VyGJT�EdVDzRz�N!CeI
EdCeS3N!U�GJT�VWGOEdVDYvN�U�CFTpGJE^N!V¤T�B3N!@DGOG�P�It�`N!V�Ip� ~ PDInYvN!\^\dN��XEdVDc¢? � � U�I`_`N�U�K�I��DT�CeS�\dIt_`N�CFILz
YvU�N�C GJPDI ��� !�� ��� ��� ���� ��LN!V�I��

mAr



���������	��
��������� ��������������� �	��!�
#"%$&"'���#�����(�)�*
+��,�%�-�/.��&0�1�������1���2��3"&�4!-���#���5�(�)�*
��6��%�-�*7
8�9,8 �,:�; 9,9�9=< �%�>?��"��@!����#.?�>
;��,� < >#�A,>#&�4BC74� 9 �)��!)��D
E �,� < >#�
�>�FG7 9 �	�4!)��D
8�9 ; 8 ��� < �H�IJ��>#K7 E ��"�F3��D
���,����D <ML,L�N 7 E �@�	�4!)��D

~ P�I�? � ��U�IL_`N!U�KgEdVD_`\d@DK�I`z$GJPDIRV�T�CFI�N�Y&GJP�I�S�U�EdCFT�U�l�V0T�CeI�z�I`U��!ILU¬YvN!U�G�P�EdzX�`N�V�I�TpV�K
GJPDI�I£�-CFT�Ed\¬T�K�KDU�I`z�ztN�Y{G�P�I�S3I`U�z�N!V U�I`z�S'N�V�z�E^B�\dIkYvN!UFGJP�I¢V0T�CeI�z�ILU���I`U`� �hN�GJI�G�P0TpGMGJPDI
I���C�TpEd\$T�KDK�U�ILz�z�E^z�V�N�GFEdV¡GJP�InI��AS3I`_LG�I`K�YvN!U�C �$U�TpGJPDI`U�GJP0T�V  !�����O � � ����� �0q]GJP�ItYvN!U�C�TpG
 !������ � � ����� ��Edz�@Dz�I`K,��?�N�EdVeGJP�I�TpB'N��!I�I��DT�CeS�\dIpq 1� �!�� ��� !#� � � ����� �PO ��� !�� ��� ��� ���� �z�P�N!@�\^K#B3I
@�z�I`KjG�N�U�I`S3N!U�GhTeB�@Dc��

~ P�I�? � � U�IL_`N!U�KgTp\dz�N�_LN!VWG�T�E^V�z�w��!IRN�G�P�I`UXS0T�U�T�CeILGJILU�z$E^VnEHGJz$K0T�G�T�w0I`\^Kb�

r!� ~ P�I !����)�$��� �� � 1 ����E^K�I`VWGJEHw0I`z�GJPDIF�!ILU�z�EdN!V�N�Y�GJPDI#Q���?�K0TpGJT�B0T�z�I�� # P�ILV�IL��I`U�GJPDI
w0\^I�� zOEdVDYvN�U�CFTpGJE^N!V�E^z�_�P0T�VDc!I`Kbq]GJPDIMz�I`U�EuT�\�V�@DC�B'ILUOC�@�z�GOB'IME^V�_`U�I`CeI`VWGJILK¡z�N�GJP0T�G
z�I`_`N�V�K0T�U�l�z�I`U���I`U�z�_aT�VFK�ILG�I`_�G$_�P0T�V�c�I`z�TpV�K��pI`I`S#G�P�I`E^U(K�TpG�T�B�T�z�Ih_`N!SDEdI`z(@�SA��GJNp��K0TpGJI
�XP�ILVMGJP�I�l#I��DT�CeEdVDI�GJP�IR? � �+U�I`_`N�U�KtEdV�G�P�I�S�U�EdCFT�U�lez�ILU���I`U`� ~ P�I�z�EdCeS�\dILz�G���Tal#E^z
��@�z�GXGJN�z�GJT�U�Gh_`N�@�VWGJEdVDcFT�G�r{TpV�KjE^V�_`U�I`CeI`VWGhE^G$I��!ILU�ltGJE^CFI�G�P�I`U�I�� z�TO_�P0TpV�c!I��

mA� ~ P�I � � # � � !)����Tp\d@�I�G�I`\d\^z�GJPDIez�I`_LN!V�K0T�U�l�V0T�CeIOz�ILU���I`U�zRP�N��;NpY GJI`V�G�Nn_�PDI`_��kYvN!U�@�S��
K0T�GJI`KnEdVAYvN!U�CFTpGJE^N!Vb�

ªD� ~ P�I � �����)(k��Tp\d@�IgG�I`\^\dzFG�P�I�z�IL_`N!VDK0T�U�l�V0T�CeIkz�ILU��!ILU�znP�N�� N�Y G�I`V�G�P�ILl�z�P�N!@�\^K�U�I£�
TpG�GJILCFSDG(TR_`N!V�VDI`_LG�EdN!VFEdVF_aT�z�I¬GJP�TpG(G�P�ILlFT�U�I¬@DV0T�B�\^IhG�N{_LN!VWG�T�_�G�GJPDI�S�U�EdCFT�U�l�V0T�CeI
z�I`U���I`UL�

o��X��Y�T#z�I`_`N�V�K0T�U�lkV0T�CeI�z�I`U��!I`U�_`T�V�V�N�G�_`N!VWGJT�_LG�G�P�I�S�U�EdCFT�U�ltV0TpCFI{z�I`U��!ILU�YvN�U �RQ#� � � �
z�I`_`N�V�K�z`q0G�P�I�z�I`_LN!V�K0TpU�lM�XEd\^\bz�G�N!SjT�V�z��(I`U�EdV�cFT�VWlMxy@�ILU�EdILzhT�B'N�@DG$GJP�E^zXK�N!CFT�EdVb�

.A� ~ P�I ~$~ ®��pT�\d@�I�E^z�G�P�IeK�ILY�T�@D\^G ~$~ ® �pT�\d@�IOYvN!URT�\^\����Xz�EdV¢GJP�E^z{�LN!V�Ip�#��GRC�Tal¢B3I
N��!ILU�U�EdK�K�ILVjBWlnT ~$~ ®��pT�\d@DI�S�U�N���EdK�ILKn�XEHGJPnTOc!E^��I`V �����

����� �TS U 1 )+6�6�%3�[�D� � �59«"�%'6WV+1�"$���$���[% � �59«"�%'6 	(��6 X2	���"$����9«	(�

< 	(/¥� � �59«"�%'6

~ P�I � ���Xz`qW�XP�E^_�P�TpU�I�GJPDIhCeN!z�G]_`N!CeCFN�V ���Xz`qy_`N�VyGJT�EdVeT�V��-°¤TpK�K�U�ILz�z]GJN�B3I¬Tpz�z�N�_`EdTpGJILK
�XE^G�P G�P�IgK�N�C�T�E^V V�T�CFInEdV¡GJPDIjw0U�z�G�w�I`\dK N�Y�G�P�IgU�I`_`N�U�Kb�)��V�IjKDN!C�TpEdV�V0T�CeIj_`T�V�B3I

m!m



CFT�S�S3I`K G�N�z�IL��I`UJTp\�K�EH©,ILU�I`VWGF�-° T�K�K�U�I`z�z�I`zL�+?�N!CFItP�I`Ta�AE^\^l¡\^NWT�K�ILK��(I`B�z�E^G�I`ze@�z�InGJP�E^z
GJU�Ed_���GJNgK�Edz�GJU�E^B�@DG�IeG�P�I#EdVD_`N!CeEdV�c �h~$~ ° U�ILxy@�I`z�GJz�GJNgK�E^©'I`U�I`VWG�z�I`U���I`U�z`� ��\^z�NkKDE^©'I`U�ILVWG
K�N!CFT�E^VkV0T�CeI`z�_`T�V�B3IOC�T�SDS'ILKkGJNMN!V�I��-°+T�K�KDU�I`z�z`�{�-VkGJP�E^z���Tal¢T#z�EdV�c�\dI�CFT�_�P�E^V�I�_`T�V
P�N!z�Gh\dN�G�z$N�Y[z�C�Tp\d\'�(I`Bjz�EHGJI`z �v�XP0TpGhEdz$_`T�\d\^I`K#��EdU�GJ@0T�\,P�N!z�G 
��

Z5��TpCFS�\^I� �vYvU�N!C�G�P�I��`N!VDI ��� !�� ��� ��� ���� 
�
�4B?2�>��+���#���5�(�)�*
��6,�%�-� �����,����� � ��� � 8�� ��� �����

~ P�I�° ~ � � �Xz�K�N�G�P�I�U�IL��I`U�z�I�N�Y«�XP0TpG�T�z(G�P�I � ���Xz�K�ND� ~ P�ILl�T�U�I¬@�z�ILK#GJN�CFT�S�T�V
�-°�T�KDK�U�ILz�zXGJNeTePy@�CFT�VA��@�V�K�ILU�z�G�T�V�K�T�B�\dI�K�N�C�T�E^V#V0T�CeI�� ~ P�I��-°�TpK�K�U�ILz�zhEdz$U�I`S�U�I`z�ILVWGJI`K
T�zhTOK�N!CFT�EdVMV�T�CFI�E^VMGJP�I�EdV���T�K�KDU`� T�U�S0T�KDN!C�TpEdVb�

Z5��TpCFS�\^I�¦o �A�/�D� m�4D�Hr�2D� EdV���T�K�KDU`� T�U�S0TA��r�2=�������=° ~ �+_�P�N!U�Kb� \d_`zL� CeE^G`� ILK�@b�
~ P�I � f�� ��igZ � z�G�T�V�KDz�YvN!U�_`T�V�N!VDEd_aTp\&V0TpCFI
�� �hz¬_`N!VWG�TpEdV�T�VkT�\dEdT�z¬KDN!C�TpEdVnV0T�CeI

GJNeT�z�z�N�_`EdTpGJI��XEHGJPtGJP�I�K�N!CFT�E^VMV0T�CeI�EdV#GJPDI�w�U�z�Ghw0IL\dKtN�Y�GJP�I � �hzL�
Z5��TpCFS�\^I ��YvU�N!C�GJPDIR�LN!V�I ��� !�� ��� ��� ���� 
£
� B?%!#0+���#���5�(�)�*
��6,�%�-� �����,�����������	��
 �?��"��*�,I 1 E�9 ���#���5�(�)�*
��6,�%�-�

����� � � < 	(/¥� 8 �&%34$�&% � �59«"�%'6��

��TpCFI�z�I`U��!I`U�U�IL_`N!U�K�z`qWN�U]��? ���Xz`qWz�S'IL_`EHY l�GJPDIXT�@DGJPDN!U�EHG�TpG�E^�!I(V0T�CeI�z�ILU���I`U�z]YvN!U¦T�K�N�C�T�E^Vb�
~ P�I�lnT�U�I�U�I`S�U�I`z�ILVWGJI`KkT�zXK�N!CFT�EdVMV0TpCFILz$EdVMGJP�I�K0T�G�T�w0I`\^K�z`� � z�@0T�\^\^le�XP�I`Vg��? � �hzhT�U�I
U�ILxy@�I`z�GJI`K,q�G�P�I�_`N�U�U�ILz�S3N!V�K�E^V�c � � �hz$_LN!VWG�T�E^V�EdV�c{GJP�I��-° T�K�K�U�I`z�z�I`zhN�Y�GJP�I�V�T�CFI�z�I`U��!ILU�z
�XEd\^\�T�\^z�N¢B3IMz�I`VWGeGJN�GJPDInU�I`z�N!\^��I`U`� ?AN�T�z�IL_`N!VDK xy@�I`U�l¤YvN!U�GJPDIn�-°;T�K�K�U�I`z�z�I`zeN�Y¬V0T�CeI
z�ILU���I`U�zXE^z�Ta�!N!E^K�I`K,� ~ P�I`U�I�T�U�I�TpG�\^IaT�z�G�G-�(N���? � �hz�T�z�z�NA_LEuTpG�I`K��XEHGJP#N!VDI�K�N!CFT�EdVeV0T�CeI��
~ P�I���? � �hz{T�U�IFGJPDI�K�IL\dI`c!TpGJE^N!V�S3N!E^VyG�zRYvN�U�G�P�I�S�T�U�ILVyG��-�LN!V�IMT�VDK�E^G�z{_�PDEd\dK��-�`N�V�I`z ��?AILI
?AIL_LGJE^N!VnmA� ª 
�� ~ PDILlMK�E^U�IL_LGXT�U�I`z�N�\^�!ILU$N!U$TOV0T�CeI�z�I`U���I`U$GJNOz�I`V�KtEHGJz�U�I`xy@�I`z�GXGJNOGJP�I�V0T�CeI
z�ILU���I`U�zhGJP0T�GXC�T�E^VWG�T�E^V#U�IL\uTpG�I`KnEdVDYvN!U�C�T�GJEdN�V#T�V�Ktw0V0Tp\d\^lFc!I�GhG�P�IRT�V�z���ILU`�

Z5��TpCFS�\^I� �vYvU�N!C�G�P�I��`N!VDI ��� ��� ���� 
�
���������	��
��������� 8 ����:������ �&���J��� L �	#�'� ���������	��
���������
���������	��
��������� 8 ����:������ �&� ���,�&����
�
+� ���������	��
���������

����� � � � 	���������93.�	������ � �59«"�%'6��

ikT�E^\(I£�A_�P0T�V�c!IMU�I`_LN!U�K�zLq¦N!U�i"! ���Xz`q[_`N!VWG�TpEdV�G�P�I#T�KDK�U�ILz�zON�Y$G�P�I#CFT�Ed\¦I£�D_�P�T�V�c!IMz�lAz��
GJILC ��z 
(YvN!U(GJP�E^z$K�N!CFT�EdVb� ~ P�I�V�@DC�B'ILU$B'I�YvN!U�I�G�P�I�T�K�KDU�I`z�z¬E^z�GJPDI ��� � #%��� ��� � ��N�Y�GJP�E^z$C�TpEd\
I��A_�P0TpV�c!IRz�l�z�G�I`Cn�

m�ª



Z5��TpCFS�\^I� �vYvU�N!C�G�P�I��`N!VDI ��� ��� ���� 
�
�)�*
��6,�%�-� 8 � � ������� ��� ��� ����� L�� 1�� L � L �����#1�������
��+���	�*
+�6������
�)�*
��6,�%�-� 8 � � ������� ��� ����� �����?�	�3� ��1�����
�
3� 
�
?1�������
��+���)��
��6��%�-�

# P�I`V¢TeU�ILCFN�G�I{@Dz�I`U¬z�ILV�K�z�CFT�Ed\,G�N ��(	� � !JO ��� ��� ���� �q�GJP�IRU�ILCFN�G�I�CFT�Ed\,z�l�z�G�I`C \^NAN���z
@�SkG�P�IOi ! U�I`_LN!U�KkYvN!UhGJP�I�CFEHGa� I`K�@kKDN!C�TpEdVb� ~ P�IOU�ILCFNpGJI�CFT�E^\dI`U$�XE^\d\«GJP�ILV¢TpG�G�I`CeSDG�G�N
I`z�G�T�BD\dEdz�PkT�?AEdCeS�\dI�igT�Ed\ ~ UJT�V�z�YvI`Uh°]U�N�G�NA_LN!\ ��?Di ~ ° 
¬_LN!V�V�IL_LG�EdN!Vn�XE^GJPnGJP�I{C�TpEd\bz�lAz�GJILC
�XE^G�PgGJPDI�\dN��(I`U¬S�U�I�YvI`U�ILV�_`I��pT�\^@�I � EdVnGJP�E^z�_`T�z�Ipq � �� ��� ��� � � ��� � � � ��� ����� � ��� ��� ���� �� 
��
��Y]GJP0T�G�z�l�z�G�I`C E^z�V�NpG�Ta��TpEd\uTpB�\dIpq�G�P�IOU�ILCFNpGJI�CFT�E^\dI`UXGJU�EdILz�GJP�I�V�I���G�\dI��!IL\5C�TpEd\dILU`q�EdVjGJP�E^z
_aTpz�I�q�� � � ����� � � � � ��� �  � ��� ����� � ��� ��� ���� ��d�

mpo



� � ��� ��	 � �

� � � � 	�� � � � ��� � � � � 	��

� �	� � /'�$#�/��"���

Q���?g��T�z�V�N�GRK�ILz�Edc�V�I`K�GJNtB3IeTtz�I`_L@�U�IeS�U�NpGJN�_`N!\ � ~ P�I�S�U�N�GJN�_`N!\[_`N!VWG�TpEdV�z�V�NtCeIaT�V�z�G�N
�!ILU�EHY le�XPDILGJPDI`U(G�P�I�E^VDYvN!U�C�TpG�EdN!VOU�ILG�@�U�V�ILK#BWl#T{Q���?�x�@DI`U�leE^z(_LN!U�U�I`_LG`�]igIaTpVy�XPDEd\dIpqDQ���?
S�\dT�l�z�T#�pILl�U�N!\dI�E^V�K�EdU�I`_�GJEdVDc#GJP�IOE^VDYvN!U�CFTpG�EdN!Vt�0N�� E^VkGJP�IO�-VWG�I`U�VDILGa��¯�@DU�GJPDI`U�CeN!U�I�qbGJPDI
� �hz(x�@DI`U�E^I`K#YvU�N!C Q���?Fz�N!CFI�GJE^CFILz�T�U�I�I��!I`Vt@�z�I`K#YvN!U(_�P�I`_��yE^V�c�T�@DG�P�I`VWGJE^_aTpG�EdN!VFEdV#NpGJP�ILU
�-VWGJILU�V�I�GFSDU�N�G�NA_LN!\dzL� ��z�T�U�ILz�@�\HGaq(Q���?2Edz�T�Y�Ta��N!U�EHGJI#G�TpU�c!I�G�N�YhP0T�_���ILU�zL� ~ P�Itz�I`_`@DU�E^G-l
�(IaT��yV�ILz�z�N�Y]Q���?nP0Tpz�U�IL_`ILE^�!ILK�CFN�U�I{TpG�G�I`VWGJE^N!VjU�I`_LI`VWGJ\HlkT�VDKkTFVDIL��z�IL_`@�U�E^G-lnI���GJILV�z�E^N!V
P0T�zXB3I`ILVjS�U�N!S3N!z�ILKb�

~ P�EdzO_�P�T�SDGJILUOz�GJT�U�G�z�BWl2K�ILz�_`U�EdB�E^V�c�z�I��!ILUJT�\$_LN!CFCeN!V¤T�G�G�Tp_���z�G�N¢Q���?'� ~ P�I`V¡EHG�K�I£�
z�_LU�E^B'ILzXG�P�I�S�U�N�S'N!z�I`Knz�IL_`@�U�I�Q���?tI£�AG�I`V�z�EdN!VjT�V�KnI��AS�\dT�EdVDz��XPyltEHGXEdz$V�NpGXz�@ �e_`E^I`VWGa�

� ��� & �E�j	 4��3�  �� 5 6 2

�=U�ILz�N!\H�!ILU$P0T�z$V�NOCeIaT�VDz�GJNO_�P�IL_��#GJP�I�T�@AGJP�ILVyG�Ed_LE^G-lMTpV�KtEdVWGJILc!U�EHG-l�N�Y�G�P�I�K0TpGJT�U�ILG�@�U�VDI`K
BWlgG�P�IOV0T�CeI�z�ILU���I`U�zL�e?ANME^G�P0T�z�GJN#G�U�@�z�G�GJP�I�TpV�z��(I`U�E^G�c!N�G`��ikTp\dEd_LEdN!@Dz�@�z�I`U�z�_`T�V�G�T��pI
T�KD�pT�VWGJT�c!I�N�Y�GJP�E^z$z�I`_L@�U�EHG-ltP�N!\^I�T�V�KMGJP�I�_LN!V�z�ILxy@�I`V�_LI`z�_`T�VnB'I�z�ILU�E^N!@�z`�

S � ���
	 � "�� ��" ) �D��	�9	�

��I`V�ILUJT�\^\^l#z�S'I`T��yEdV�cDq�G�P�I`U�I�TpU�I{ª���TalAzhGJNFTpG�GJT�_��#GJPDI�Q���?'0V0T�CeI�z�I`U��!ILU�B�U�IaT��!�-E^Vbq0K0TpGJT
S0T�_��pILG¬z�S3NANpw0V�c�q�T�VDKnz�I`V�KDEdV�cFT�YvUJT�@�KD@�\dILVyGh@�S3K0TpG�I�U�I`xy@�ILz�G`�

m=.



serverincorrect answer for the query

query

resolver
bad database

original database hacked
name

¯[E^c!@�U�I�ª���r!]�(U�IaTp�#EdVWGJNeT���TpCFIR?AILU���I`UXGJN ��G�GJT�_��tQ���?

� �
:�	��A���;��	 ����: " 	"�E: $;: � ��: �
~ P�I�CFN�z�G�z�G�UJT�E^c!PWG�YvN!U���T�U�K{��Tal�GJN�T�G�G�Tp_���Q���?�Edz«GJNhB�U�I`T���EdVWG�NhG�P�I(V�T�CFI]z�I`U���I`U�z`�]¯[E^c!@�U�I
ª��JrhSDU�N���EdK�ILz�T�VeEd\^\d@�z�GJU�TpGJE^N!Vb� ��\HGJP�N!@Dc!PeTRV0TpCFIXz�ILU���I`U�E^z]V�N!U�CFT�\^\^l{U�@�V�VDEdV�cRT�z(TRSDU�N�_`I`z�z
B3I`\dN�V�c!EdVDc{GJN � ������q0T�V�K#G�P�I�V0TpCFI�z�I`U��!I`U%� zXw0\^I`z$T�U�I�T�\^\'N��XV�ILKnBWl � ������q�EHG�Edz�z�GJE^\d\3S'N�z�z�E^B�\dI
YvN!U&T�V�E^VWGJU�@DK�I`U�GJN�BDU�IaTp�RE^VWGJNXGJP�I(z�l�z�G�I`C;TpV�K�cWTpEdV�� ������S�U�E^��Ed\^I`c!ILz`q�I`z�S3I`_LEuT�\^\^l�E^V�z�N!CFI�N!\^K
N!S3I`U�TpGJE^V�c�z�lAz�GJILCFz5G�P0TpG¦P0Ta��I���IL\d\H���yV�N��XV�B�@�c!z5T�V�K�T�U�I�V�N�G[S�U�N!S3I`U�\^lRS0TpG�_�P�I`K,� ~ P�I`VOGJPDI
EdVWG�U�@�K�ILU(_`T�VeK�N{�XP0T�GJIL��I`U(P�I !pz�P�I¬��T�VWGJz�GJN�� ~ P�I¬K�TpG�T�B�T�z�IXw0\dILz(_`T�Vez�EdCeS�\Hl�B3I¬CeNAKDE^w0ILK
T�z$GJPDIRE^VWGJU�@DK�I`U��XE^z�P�ILz`�

��G$Edz(GJP�I�B3I`z�G$_aT�z�I�YvN!U$T�VME^VWGJU�@DK�I`U�EHY�P�I !�z�P�I�_`T�VMB�U�I`T���E^VWGJN�GJPDI�S�U�E^C�TpU�lez�ILU��!ILUXN�Y�T
�`N�V�I�� ~ P�IXz�I`_`N�V�K0T�U�l�z�I`U��!ILU�z(�XE^\d\�_LN!VWG�T�_�G]GJP�IXS�U�EdCFT�U�lRGJN{T�z��{YvN!U¦V�IL��K0TpG�T�S3I`U�EdN�K�Ed_`T�\d\Hl
T�_L_`N!U�K�EdV�cjGJNkGJPDI � � # � � !)�M�pT�\^@�I�E^V2GJP�I#�LN!V�In? � � � �R� ~ P�ILl�_aT�V�VDN�GOGJIL\d\]�XP�ILG�P�I`UOGJPDI
K0TpGJT#EdVkG�P�I�S�U�EdCFT�U�lgT�U�I{��Tp\dEdKgT�V�K¢P0Ta�!IOG�N#GJU�@Dz�G�IL��I`U�l�BWl�G�I�GJP�IOSDU�EdCFT�U�ljc�E^�!ILz�GJP�ILCj�
?ANMTp\d\«GJP�I�V0T�CeI�z�ILU���I`U�z�E^VgGJPDEdzh�`N!V�I{�XEd\d\�I��!I`VWG�@0T�\d\Hlg_LN!VWG�T�E^VgGJPDI�B0T�KgK0TpG�TpB0T�z�I�z�ILG�Byl
GJPDIRE^VWGJU�@DK�I`UL�

$�� 	 	 � " : ��� 	���� � 	 ��� : �,B
�-V¢CFN�z�G�_`T�z�ILz`q�GJP�IOV�I�G-��N�U��kK0T�G�TMS0T�_��pILGJzR_`N�VyGJT�EdVDEdV�c�G�P�I�T�V�z���ILU�GJNnT#xy@�I`U�l��XEd\d\�S0T�z�z
z�N�CFI�U�N!@DGJILU�z$N!U�cWTpGJI���Tal�zXEdV#G�P�I��-VyG�I`U�V�ILGhB3ILYvN!U�I�GJP�I�lMU�I`T�_�PtGJP�I�U�I`z�N�\^�!ILU�GJP0T�GXz�I`VWGXGJPDI
xy@�I`U�l!�e��Y�N!VDIeNpY(G�P�I`z�IFU�N!@DGJILU�zRN!U�cWTpG�IL��TalAz{Edz�_LN!VWGJU�N�\d\dILK¢Byl�TnCFT�\dE^_`E^N!@�z�@Dz�I`ULq&PDI !pz�P�I
_aTpVgIaTpz�Ed\Hl#U�I`S�\dT�_`I�GJP�IRS0T�_��pILG�z�_`N!VWGJT�EdV�E^V�cOGJP�IR_`N�U�U�IL_LG�T�V�z���ILU¬�XE^G�PjS�T�_���I�GJz�_LN!VWG�T�E^V�EdVDc
GJPDI�T�V�z��(I`U$G�P0TpG$P�I !pz�PDI�EdVWGJILV�K�z�GJNOc�E^�!I�G�N�GJP�I�U�I`z�N!\^��I`UL� ~ PDEdz$Edz�z�P�N��XVtEdVt¯[E^c!@�U�I�ª���m
�

¯[Edc�@�U�IXª��-ª�z�P�N��Xz(T�V�N�G�P�I`U5G-l�S3I¬NpY,z�S'N�N�w0V�cRTpG�G�T�_���� ~ PDI¬T�G�G�Tp_���I`U�V�N�\dN�V�c!I`U[V�I`ILK�z�G�N
_`N�VyG�U�N!\�T�VWl�V0T�CeI�z�I`U���I`U�z(N!U[U�N!@DG�I`U�z`qWP�I !pz�P�I ��@�z�G¦V�ILI`K�z¦GJN�z�E^G¦E^V�GJP�I���Tal�G�P0TpG¦GJPDI$x�@DI`U�l
S0T�_��pILG¬�XEd\d\'S0T�z�z`q�z�V�EH©�GJP�I�S0Tp_���ILG`q3G�P�I`Vnc!ILV�I`U�TpGJI{T�V�KnU�I�GJ@�U�VgTOY�T���ILKgTpV�z��(I`U¬S0T�_���I�G¬G�N
GJPDIeU�I`z�N!\^��I`U # �	! � ������ �! �y� ~ P�Iez�N!@�U�_`Ie�-° T�V�K�z�N!@DU�_`Ie° � � ~ w0IL\dK�z�E^V¢G�P�I�S0T�_��pILG� z��-°
P�I`T�K�I`U�z�P�N!@�\^K�B'IOz�ILGRS�U�N�S'ILU�\^ljz�NMG�P0TpG�GJPDIOU�I`z�N!\^��I`U��XEd\^\�G�P�EdVD�jGJPDIOS0T�_���I�G�E^z�YvU�N�C GJPDI
V0T�CeI�z�I`U��!I`UOG�P0TpGOEHG ��@�z�GOz�ILVWGOGJP�IMU�I`xy@�I`z�GOGJN�� � �	! � ������ �! �tCFI`T�V�z�G�P�I�Y�T��pI`K�T�V�z���ILU

m�4



unhacked

name server
resolver

incorrect answer

router
hacked

modify

query qu
ery

correct answer

¯[E^c!@�U�I�ª���mA]�(U�IaTp�#EdVWGJNeT �XN!@DGJILU$GJN ��G�GJT�_��tQ���?

unhacked

name server
resolver

and spoof

query

correct answerincorrect answer

sniffer
network

analyze

¯[E^c!@�U�I�ª ��ªD]?�V�E^©¢TpV�Kk?�S'N�N�Y�GJN ��G�GJT�_��MQ���?

S0T�_��pILGFC�@�z�GeT�U�U�E^�!I�EdV¤GJP�IMU�I`z�N!\^��I`U�IaT�U�\dE^I`U{G�P0T�V¤GJPDIM_`N!U�U�I`_�GFT�V�z��(I`U�S0Tp_���ILGeYvU�N�C GJPDI
V0T�CeIRz�I`U��!ILU`��?AE^V�_`I�GJPDI�U�ILz�N!\H�!I`U�T�\^��Tal�z¬G�Tp��I`z¬GJP�IRw0U�z�G�T�V�z���ILU`q,�XPDEd_�PkE^z�TFY�Tp��I�N�V�I�E^V
GJPDEdz�_`T�z�Ipq�GJP�I�_`N�U�U�IL_LGXN!VDI��XEd\d\'B'I�E^c!V�N!U�I`Kb� ~ P�Edz�G-l�S3IRNpY[T�G�G�Tp_��#Edz�I`T�z�l�GJNOCeN!@�VWGXE^Y�GJPDI
TpG�G�T�_��pI`U�E^z¬E^VjGJPDI�zJTpCFI{\dN�_aT�\«V�I�G-��N�U��kTpz¬GJPDI{G�TpU�c!I�G�U�I`z�N�\^�!ILU�N!UhV0T�CeI{z�I`U��!I`U�z`q«z�EdV�_LI�E^G
Edz�IaT�z�lkGJNMK�NMS�T�_���I�G�z�V�E �eV�ctT�VDK�z�S'N�N�w0VDcMEdVkGJPDIOZ]G�P�I`U�V�ILGRILVy��E^U�N!V�CeI`VWG`� ~ P�I�TpG�G�T�_��
_aTpV�Tp\dz�NMB3IO@�z�I`K�GJNMGJU�T�V�z�YvI`U�T�V¢EdVW�pT�\^EdKgK�TpG�T#z�ILG�GJNtT#z�I`_`N�V�K0T�U�l¢V0T�CeI�z�ILU��!ILU��XP�I`V�T
�`N�V�I�GJUJTpV�z�YvILUhP�T�S�S3I`V�zL�

$;:<��� 	�� 	����B���� � 	 ��:�� :����:<B��
��\HGJP�N�@�c!P�E^G�z�ILI`CezFV�T�E^��I�q�z�I`V�KDEdV�c�T¢YvU�T�@�K�@�\^I`VWGe@�S3K0TpGJInU�ILxy@�I`z�G�GJN¢GJPDIj�LN!V�IjT�K�CeEdVA�
Edz�GJU�TpGJN!U�GJNg_�P0T�V�c!I�z�N!CeI � �hzR�XE^G�P2P0T�U�CeYv@�\¦�pT�\^@�I`z{Edz{��I`U�l2IL©'I`_�GJEH�!I#z�N!CFI�GJE^CFILz`� ~ P�I

m=+



Q���?¢z�S3I`_LE^w0_`TpGJE^N!V�z�T�l�zOTp\dCeN!z�G�V�NpGJP�E^V�ckT�B3N!@DG�G�P�I�@�S3K0TpG�I��n�¬N�U�CFT�\d\Hl�Tj�LN!V�I�T�K�CeEdVA�
Edz�GJU�TpGJN!U¬G�T��pI`zR_aT�U�ION�Y�Tp\d\&G�P�I ���Xz�EdV�G�P�I�S�U�E^C�T�U�lgz�I`U��!I`U{T�V�K¢ILK�E^G�z�GJP�I�K0TpGJT�B0T�z�IOw0\dILz
CFT�Vy@0T�\d\HlM�XP�I`V�V�IL_`I`z�zJT�U�l!����Y]G�P�IO�`N!VDIOEdz�\dT�U�c!Ipq,EHG�Edz�EdCeS'N!z�z�E^B�\dI�YvN!U�P�E^C�!�P�I`UhGJNM_�P�IL_��
GJPDIe�pT�\^EdK�EHG-lgN�Y(GJP�I � �hzRP�EdCez�IL\^Y !pPDI`U�z�I`\HY���?�NjP�I !pz�PDI�P0T�z�GJNnK�ILS'ILV�K2N!V¢GJP�Ie_`N�\d\uTpB'N!U�T��
GJE^N!VnN�Y5@�z�I`U�z¬�XP�NFz�P�N!@D\dKjGJT���I{U�ILz�S3N!V�z�E^B�Ed\^E^G-lFYvN!U$GJP�I��pT�\dE^K�E^G-l�N�Y5E^V�K�E^��E^K�@0T�\ � �hzXE^VjGJPDI
K0TpGJT�B0T�z�I���¯0N!UhI��DT�CeS�\^I�q'G�P�I � ������@�z�ILU�N�Y¦P�N�z�G �
� ������� ��� !�� ��� ��� ���� Oz�P�N!@D\dKkV�NpGJE^Y ltG�P�IOT�KA�
CeEdV�E^z�GJU�TpGJN�U(N�Y ��� !�� ��� ��� ���� ��`N�V�I�GJN�@�S3K0TpG�I�GJP�I�K0T�G�T�B0Tpz�IRTpY GJILU�_�P0T�VDc!EdV�cOG�P�I��-°�T�K�KDU�I`z�z
N�Y �
� ��� ��� ��� !�� ��� ��� ���� �� ~ P�I¬S�U�N!BD\dI`C E^z¦GJP0TpG(E^G]CFTal�B'IhK�E �F_L@�\^G]G�N{_�P�IL_��FG�P�I�Tp@DGJP�ILVWGJEd_LE^G-l
T�V�KFT�@DG�P�N!U�E^G-lON�Y'GJP�Ih@�S3K0TpG�I¬U�I`xy@�I`z�Ga�¦�-VF\dN�_aT�\�_`T�z�ILz`q��XP�I`U�I�@�z�I`U�z�_aTpV��yV�N���IaTp_�P#N�GJPDI`U`q
GJPDEdz��yEdV�K�N�Y$T�G�G�Tp_���C�Tal�z�GJEd\^\5B3IFN!VD\^l�N!VDIF_`T�\d\¦Ta��Tal!q[EHY�G�P�IeTpG�GJT�_���ILU�_aTpV�CeEdCeEd_�z�N!CeI
T�@DG�P�N!U�Ed�`ILK�@Dz�I`U�z�S3I`U�YvI`_LG�\^l��F°]U�NpGJI`_�GJE^V�cnG�P�I ���Xz�YvU�N!C @DV0T�@DG�P�N!U�E^�`ILK�_�P0T�VDc!IFE^z�Tt��I`U�l
K�E �F_L@�\^G�SDU�N!B�\^I`CnqbI`z�S'IL_`EdT�\d\HlkEdV�z�N!CeIe\dT�U�c�I�K�N!CFT�EdVDz`qbE^V¢�XPDEd_�P¢GJP�IeT�K�CeEdVDEdz�G�UJTpG�N!U�TpV�K
GJPDIR@Dz�I`U�z¬N�V�\^l�_`N!VWG�Tp_LGhIaT�_�PjN�GJPDI`U$I`\^I`_�GJU�N�V�Ed_`T�\d\Hl!�

S � �����  ¡.�� X¤"$�����������5��9«� " &n	 8 ��9�9«�&��� &L�R�t) �A�0	(9 �

��GhEdz$_L\dIaTpUXG�P0TpG¬Q���?#E^zhI`T�z�lMG�NeTpG�GJT�_���� # P0T�G¬�yE^V�KjNpY5K0T�CFT�c!I�_`T�VtGJP�E^z¬T�G�G�Tp_��#K�N��k�(l
c!EH�AE^V�c�E^V�_`N�U�U�IL_LG�K�EdU�I`_LG�EdN!VFEdVDYvN�U�CFTpGJE^N!VbqyT�CFT�\dE^_`E^N!@�z¦P0T�_��pI`U$_`T�VMK�N�K�EH©,ILU�ILVyG�B0T�K�G�P�EdV�c�z
EdVtK�EH©,ILU�ILVyGh_LEdU�_L@�Cez�G�TpV�_`ILz`� � ILU�IRT�U�I�z�N!CFI�z�EdCeS�\dI�I��DT�CeS�\dILz`�

� ��	���� � � � 	 � ��	 ����	��
~ P�I¬P0T�_���ILU�_aTpV�z�Py@DG�K�N��XV�GJPDI�V0T�CeIhz�I`U��!ILU�z�N�Y ��� ��� ���� �� ~ P�ILV#@�z�ILU�z�T�\d\�N��!ILU(GJPDIh�(N!U�\^K
_aTpV�V�Nj\dN!V�c�I`U�@�z�IeGJP�IePy@�CFT�V�@�VDK�I`U�z�G�TpV�K0T�B�\^IFKDN!C�TpEdV¢V0T�CeI`z�GJNgT�_`_LI`z�z�T�VWl�P�N!z�G�z�E^V
GJPDI�CeE^Ga� I`KD@gK�N!CFT�E^Vb�¬?AEdV�_LI{YvI�� S'ILN!S�\dI{_aT�VgU�I`CeI`C�B'ILUhG�P�I��-° T�K�K�U�I`z�z�N�Y%0 �212� ��� ��� ���� Aq
GJPDIRE^VDYvN!U�C�TpG�EdN!VeGJP0T�G�ij� ~ ��T�VWGJzXGJN�c!E^��I�GJNOGJP�I�S�@DB�\dE^_�Edz$B�\^NA_��pI`Kb�

� � � :�� �
	 ���E� � � 	 � ��	 ����	��
# P�ILV�T�U�I`z�N�\^�!ILU]T�z��yz¦YvN!U[G�P�I$�-°2TpK�K�U�ILz�z]N�Y 0 0 0 � ! � �2� ���  ��� �2��� � �OqpG�P�I$P0T�_��pI`U�_aT�VOU�ILGJ@DU�V
T�Vt�-°�TpK�K�U�ILz�zXN�Y&T��(I`Bnz�E^G�I�B�@�E^\^G�BWl�P�EdCez�IL\^Y !pP�ILU�z�I`\^Y�� ~ P�I`VtGJP�I�@Dz�I`U$CFTal#B3I�YvNAN�\dI`K�Byl
GJPDI�EdVDYvN!U�C�T�GJEdN�VFYvU�N�C GJPDEdz$B0T�Ktz�E^GJI�TpV�KnT�zXTOU�I`z�@�\^G`q�CFT���I�T��XU�N�V�c�K�I`_LEdz�E^N!Vb� ~ P�E^z$_aT�z�I
Edz$CeN!U�I�K0T�V�c!ILU�N!@Dz`q�YvN!U��XU�N!V�ceEdVDYvN!U�C�T�GJEdN�V�Edz��(N!U�z�I�GJP0T�VnV�N�EdVAYvN!U�CFTpGJE^N!V#CeN!z�G$G�EdCeI��

m�2



$���:�	"��� 	"���:<��� � � 	�����	 ����	��
~ P�E^zh_`T�z�I�E^z$z�EdCeEd\dT�U]GJNOGJP�I�YvN!U�CFILU�N!V�Ipq0B�@DGXI��!I`VjCFN�U�I�K0T�VDc!I`U�N!@�z`��¯0N!U$I£��TpCFS�\^I�qD�XPDI`V
T¢U�I`z�N!\^��I`UFT�z��yzeYvN!UOGJP�In�-° T�K�K�U�I`z�zFN�Y � � ��� � � ��� ��1 � ��� 1 � ! � ��� ��� � �Oq5�XPDEd_�P ILV0T�B�\^I`ze@�z�ILU
K�NMGJU�T�V�z�T�_LG�EdN!V�z�N!V¢\^EdV�Ipq,GJP�I�P0Tp_���I`UR_aTpV�U�ILGJ@DU�V�T�V¢�-°=T�K�K�U�I`z�z{N�Y�T#��ILB�z�E^GJIOBD@�Ed\^K�Byl
P�E^CFz�I`\^Y !�P�I`U�z�I`\HY�� ~ P�Edz���ILB�z�EHGJI]��N�@�\dK{\dN�N!� ��@�z�G[\^Ed��I¦G�P�I�Tp@DGJP�ILVWGJEd_(N!V�Ipq�z�NhGJP�I�@�z�I`U&�(N!@�\^K
EdVDS�@DG¬P�Edz !pP�I`Uh@�z�I`U���Q T�V�KgS�T�z�z���N!U�Kk�XE^G�P�N!@DG�T�VWlnK�N!@�BDG�z`� ~ P�I{P0T�_���ILU�_aTpVjGJPDI`Vk\^N!c!EdV
EdVWG�N�GJP�I�T�@DGJPDI`VWGJE^_�z�EHGJI�E^CFCeI`KDEuTpG�I`\^l#T�V�K�c!I�G�G�P�I�@�z�I`U�� z�S3I`U�z�N!V0T�\[T�_`_LN!@�VWG�E^VDYvN!U�CFTpG�EdN!V
GJNt_LN!VWGJEdVy@�I�YvN�N!\^EdV�c�G�P�IO@�z�I`U`� ~ PDIe@Dz�I`U��XE^\d\�V�IL��I`URV�N�GJE^_`I�G�P0TpG�GJPDIOS0T�z�z���N�U�K�E^z�z�G�N!\dILV
B3ILYvN!U�I�G�P�I�V�I���GhB0T�VD�#z�GJTpGJILCFILVyG¬T�U�U�EH�!I`zL�

� :�� ���>�
:<��� � � � 	 � ��	 ����	��
�(lOz�EdCeS�\^l�_�P0T�V�c�EdV�c�GJP�Ihi ! � �hz¦YvN!U�T�K�N!CFT�E^VbqyT�P0T�_���ILU�_`T�VFU�I`K�E^U�IL_LG(T�\d\AGJP�IXEdVD_`N!CeEdV�c
I���C�TpEd\dz�YvN!U$T���Ed_�GJEdC K�N!CFT�E^V#GJNOP�E^z !pP�ILU$N��XVjCFT�_�P�E^V�I�� ~ P�ILVjPDI !pz�P�I{_`T�VMYvN!U���T�U�Knz�N!CeI
N�Y�GJP�ILC�GJN�GJPDI{Tp@DGJP�ILVWGJEd_�CFT�E^\,z�ILU���I`U¬�XPDEd\dI�z�I`\^I`_�GJE^��I`\HlM��ILI`S�E^V�cFz�N!CeI��

� �
:�	��A���;��	 	 $;? B ��:��
?AN!CeI�SDU�N�G�NA_LN!\dzLq3YvN!U¬I��DT�CeS�\dIpq,z�N!CFI�N!\dKn�!I`U�z�E^N!V�z�N�Y���ILU��pI`\dI�l � �¬� !��X_`N�CFCFT�V�K�z � � !)�
T�V�K � � �.!�� � 
�q�@�z�IeG�P�I�P�N!z�G�V0T�CeIOYvN!U�T�@DG�P�I`VWGJE^_aTpG�EdN!V,� � @�z�I`UR_aT�V � � �.!�� �jG�NjTtP�N!z�G�YvU�N!C
T�GJU�@�z�G�I`K�P�N!z�G��XE^GJPDN!@DG�G-l�S�E^V�cMGJP�IOS0Tpz�z��(N!U�Kbq�c!E^��I`V¢P�Edz !pP�ILU�@�z�ILU�V0T�CeI`z�TpV�K � ��Q�z�T�U�I
GJPDIFz�T�CFIeEdV�G-��NjP�N!z�GJz`�j?AN�CFIeN!S3I`UJT�GJEdVDcjz�lAz�GJILCFz ��@�z�G{I��DT�CeEdV�I�GJPDIF�-°�T�K�KDU�I`z�z�N�Y$T�V
EdVD_`N!CeEdV�c ~ f�°�_`N!VDV�I`_�GJEdN�VbqDxy@�ILU�leGJP�I¬P�N!z�G�V0T�CeI�N�Y,GJP�E^z(�-°�T�K�KDU�I`z�z`q0TpV�K�GJU�@�z�G(GJP0T�G�GJPDI
U�ILz�@�\HGJE^V�c$P�N!z�GJV0T�CeI¦Edz,_`N!U�U�I`_�Gaq �XP�Ed_�P�EHG«C�Tal�V�N�G�B3I��[?AN!CeI5CFN�U�I5U�N!B�@�z�G&z�l�z�GJILCFz�S3I`U�YvN!U�C
T{KDN!@�B�\^I¬_�P�IL_���q�GJP0TpG(EdzLqAxy@�ILU�leGJP�I¬�-°¡T�K�K�U�I`z�z�YvN!U]GJP�I¬P�N!z�G�V0T�CeI¬G�N�z�ILI�EHYbGJP�Ih\dN�N!�pI`KA��@�S
�-°�T�KDK�U�ILz�zhC�TpG�_�P�I`z$G�P�I��-°�T�K�KDU�I`z�z¬NpY&G�P�I�EdV�_LN!CFE^V�c ~ f�°�_LN!V�V�IL_LGJE^N!Vb�¦��Y5T�P�T�_���ILU¬_`T�V
z�VDE^© T�V�K�z�S3N�N�Y�E^V�G�P�It\dN�_aT�\�VDILG-�(N!U��¤GJN�TpG�G�T�_��¡Q���?�TpG�G�P�IjU�Edc!PWGOG�EdCeI�q]GJP�E^zeKDN!@�B�\^I
_�P�IL_��j�(N!@�\dKgB'I{EdVj�pT�E^Vb� � z�EdV�c#�-° T�KDK�U�ILz�z�ILz�EdV�z�GJI`T�KkN�Y¦PDN!z�G�V0T�CeI`z�YvN!U¬T�@DG�P�I`VWG�Ed_aT�GJEdN�V
_aTpVgS0T�U�GJ\Hl#wD�nGJP�E^zXS�U�N!BD\dI`Cnq0B�@DG¬EdzX\^I`z�z�T�_`_LI`SDGJT�B�\^IRG�NeG�P�I{@Dz�I`U�z`����U�K�E^V0T�U�lMS'ILN!S�\^I{_`T�V
U�ILCFILC�B3I`UXT�P�N!z�G�V0T�CeI�IaT�z�Ed\Hl#B�@DGhV�NpGhT�CeIaTpV�EdV�c�\dI`z�zXªWm ��B�E^G$�-°�T�K�K�U�I`z�zL�

��_�GJ@0T�\^\^l�q]G�NAK�T�l�� z ~ f�° !��-° S�U�N���EdK�ILz�V�N���Tal2G�N�Tp@DGJP�ILVWGJEd_`TpGJIMG�P�IMN!U�E^c!EdV¤NpY�TpV��-°
S0T�_��pILG`� ~ P�ILU�I�YvN!U�I�@�z�EdV�cOPDN!z�G�V0T�CeI�q�N!U�IL�!ILVj�-° T�K�KDU�I`z�z`q�YvN!U�T�@DGJPDI`VWGJE^_aTpG�EdN!VME^z�V�N�G�zJTpYvIpq
��G(z�P�N!@D\dKeB'Ih@�z�ILK#N!V�\HleT�z(T�V�Tp@A�AEd\dEdT�U�l�T�@DG�P�I`VWGJE^_aTpG�EdN!VeCeILGJPDNAKbqyN!U]E^VF_`T�z�ILz(�XP�ILU�I¬G�P�I`U�I
Edz$VDNFN�G�P�I`U$SDU�N!S3I`UXz�N�\d@DG�EdN!Vb�

m�s



� ��� -.#� 	  '�,� 1 23�$4���#�� 5 6 2 ���3�,�������" ��

~ N�CFT���I�GJP�I{Q���?tEdVDYvU�T�z�G�U�@�_�GJ@�U�I{CeN!U�IRU�N!B�@�z�Gaq'TFz�I`_`@DU�E^G-lnI£�AG�I`V�z�EdN!VnGJN�Q���?t��T�z¬S�U�Np�
S3N!z�ILKkEdVn\uTpG�I�r�s!s + � Z ��s +Aq�Z�T�z�s!s!T	� ����G¬_aT�VkSDU�N���EdK�IRK0TpGJTFEdVWG�I`c!U�E^G-ltT�VDKkT�@DG�P�I`VWG�Ed_aT�GJEdN�V
GJNez�IL_`@�U�E^G-lW��Ta��T�U�IRU�ILz�N!\H�!ILU�z¬T�V�KjT�S�S�\^Ed_aT�GJEdN�V�z�GJPDU�N!@�c�PnG�P�I{@Dz�IRN�Y[_LU�l�SDG�N!c!UJTpS�P�Ed_�K�E^c!E^GJT�\
z�E^c!V0TpG�@�U�ILz`�

S � S �
	 � 	��0��9 U 6��[	

�-V�G�P�I�Q���?{z�IL_`@�U�E^G-l{I���GJILV�z�E^N!VbqWT�@AGJP�ILVyG�Ed_`TpGJE^N!V�E^z[S�U�N ��E^K�I`K�BWl�T�z�z�NA_LEuTpG�EdV�ch_`U�l�SDGJN!c�UJT�S�P��
Ed_`T�\d\Hl#c!ILV�I`U�TpGJILKkK�E^c!E^GJT�\«z�E^c!V0TpG�@�U�ILzh�XEHGJP�� �Xz¬E^VjGJPDI�Q���?3�,f�N�CFCeN!V�\Hl!q�GJPDI`U�IR�XEd\^\«B'I{T
z�E^V�c!\^I�S�U�E^�pTpGJI¬��I�l�GJP�TpGXT�@DG�P�I`VWG�Ed_aT�GJI`zXTpVMI`VWGJE^U�I��LN!V�I�B�@AG�GJP�ILU�I�CeEdc!PWG(B'I�C�@�\^G�EdS�\^Ih�pILl�z
YvN!U�K�EH©,ILU�I`VWG�_`U�l�SDG�N!c!U�T�S�P�Tp\dc!N!U�E^G�P�CFzL� ��Y�T�z�IL_`@�U�E^G-lW��Ta��T�U�IgU�I`z�N!\^��I`UeU�IL\dEuTpB�\^l�\dIaTpU�V�zFT
S�@�BD\dEd_��pILltN�Y�GJPDIR�LN!V�Ipq0E^GX_aTpVgT�@AGJP�ILVyG�Ed_`TpGJI�G�P�I�z�Edc�V�I`KnK0TpGJT�U�IaT�KtYvU�N�C GJP�TpGh�`N!V�Ip�

S � S ��� < � � � �&��"$��%,9«� � �59«"�%'6  � �O�&�

?AN!CeI�V�I���� �hz �&(.�"� !�TpU�IOK�I�w0V�I`K¢GJNtTp_`_`N�CFS�\^Edz�PgGJP�I�Tp@DGJP�ILVWGJEd_`TpGJE^N!V�S�U�NA_LI`K�@�U�I�EdVkGJPDI
Q���?ez�I`_L@�U�EHG-l�I£��GJI`VDz�EdN�Vb����I`\^N ���(I�K�ILz�_LU�EdB3I�z�N!CFI¬EdCeS'N�U�G�TpVyG�V�I�� � �Xz`�¦igN�U�I�K�I�G�T�E^\dILK
EdVAYvN!U�CFTpGJE^N!V�_`T�VnB'I�YvN!@�VDKjE^V � Z�T�zJs�s�Bbq0Z�T�zJs�s�_%� �

� : ? � :<BC	� ���=: � :<�=	�� �
~ P�I ��Z�� ����Edz�@�z�I`K¢GJNtz�G�N!U�I�TMS�@DB�\dE^_���I�l�GJP0T�G�Edz�T�z�z�N�_`EdTpGJILKk�XE^GJP�T#K�N�C�T�E^VkV0T�CeI��
~ P�E^zh_`T�VnB'I�G�P�I�S�@�B�\^Ed_���I�ltN�Y[Te�LN!V�I�q�TOP�N�z�Gaq�TO@�z�I`ULq3N�U$N�GJP�ILUXI`V�KnI`VWGJEHG-l!�

~ N¤_LN!V�z�GJU�@D_LGnT�G�U�@�z�GJI`K T�@AGJP�ILVyG�Ed_`TpGJE^N!V�_�P0T�E^Vbq$�XP�Ed_�P��XE^\d\hB'IgK�I`z�_`U�E^B'ILK�B'IL\dN���qhT
z�IL_`@�U�I��LN!V�I�C�@�z�G�_LN!VWG�T�E^V���Z�� ���Xz�YvN!U�IL��I`U�l�K�IL\dILcWTpGJILK�z�@�B��LN!V�I�� ~ P�I`z�I���Z�� � �Xz
T�\^z�N�V�I`ILKnG�N�B'I�z�E^c!V�ILKjBWl#G�P�I�z�@�S3I`U��`N!V�IRS�U�E^�pTpGJI��pILl��

�-V�T�K�KDE^GJE^N!VMGJNFz�I`VDK�EdV�c ��Z������XzXGJN�U�I`z�N!\^��I`U�zh�XP�I`V�U�I`_LI`E^��E^V�c�TpVgI��AS�\^Ed_LE^GhU�ILx�@DI`z�G`q
Ttz�I`_L@�U�EHG-lW��Ta��TpU�I#Q���?¢z�I`U��!I`U{z�P�N�@�\dK�EdV�_L\d@�K�I ��Z�� ���XzRT�z�TpK�K�E^G�EdN!V�T�\[E^VDYvN!U�CFTpG�EdN!V�E^V
E^G�z$U�ILz�S3N!V�z�ILz¬E^VMGJP�I�YvN!\^\dN��XEdV�c�_aT�z�I`z`

r!����V�GJPDI�U�ILG�U�E^IL�pT�\�NpY���? ���Xz`qXGJPDI ��Z�� � �Xz#�XE^GJP�G�P�Ikz�T�CFI�V�T�CFIgz�P�N!@D\dK�B3I
E^V�_`\^@�K�I`K T�znT�K�KDE^GJE^N!V0T�\¬EdVDYvN�U�CFTpGJE^N!V GJN�c!ILG�P�I`Ut�XE^G�P G�P�I¢_`N!U�U�I`z�S'N�V�K�EdVDc�� ���Xz`�
� I`U�I�G�P�I ��Z�� � �hzhT�\H��Tal�zX_`N!VWG�TpEdVtS�@�B�\^Ed_��pILl�zhYvN�U�GJP�I�xy@�I`U�EdILKj�LN!V�I��

mA����VFG�P�IhU�ILG�U�E^IL�pT�\�N�Y ~ l�S'I � � �hz�N!U � ��� � ���Xz�vYvN!U(E^SW� 4Aq�z�EdCeEd\dT�U[GJN � � �Xz 
�qyGJPDI
��Z�� ���Xz��XEHGJP#GJPDI�zJT�CeI�V0T�CeI�z�P�N!@�\^KMB'I�E^V�_`\^@�K�I`K,�¦�-VtG�P�Edz�_aT�z�I�qDG�P�I���Z�� � �Xz

ª=�



_LN!VWG�T�E^VnSD@�B�\dE^_���I�lAzXYvN!U�G�P�I�x�@DI`U�E^I`KnP�N!z�Ga�

� ��Z�� � �}_aTpVnz�GJN!U�I�CFN!U�I�GJP�T�V ��@�z�G¬Q���?#�pILl�z`� ��VWlnT�S�SD\dEd_`TpGJE^N!V�N�U$S�U�N�G�NA_LN!\b_`T�V
z�G�N!U�IMSD@�B�\dE^_#��I�l�zeE^V¡Q���?'�&Z�T�_�P ��Z�� Edz�T�z�z�NA_LEuTpG�I`K2�XE^G�P¡Tk_aTpG�I`c!N�U�l���E^GOE^z�I`EHGJP�ILUOT
�,N!V�I{��I�l � T�z�z�NA_LEuTpG�I`Kj�XEHGJP�Te�`N!VDI 
�q,T � N!z�G !pZ]V�K�Z]VyG�E^G-ln��I�l � T�z�z�NA_LEuTpG�I`Kg�XEHGJPgT�P�N!z�G 
�q
N!U�T � z�ILU(�pILl ��Tpz�z�N�_`EdTpGJILKe�XEHGJPFT�@�z�ILU`]Q���?O_aTpVFz�GJN!U�I¬@�z�I`U�V0T�CeI`z 
��
�¬K�K�E^G�EdN!V�T�\d\Hl!q�I`T�_�P
��Z�� � ��U�ILYvILU�z�GJN�TRS�U�NpGJN�_`N!\�G�P0TpG(E^G�Edz�@�z�ILK��XE^G�Pbq�z�@�_�PtT�z(Q���?3q�ILC�TpEd\�q�ILGJ_p��?AN{�(I�_`T�V
@�z�I�Q���?tTpz¬TO°]@�B�\^Ed_���ILl#�-VDYvUJT�z�GJU�@�_LG�@�U�Ip�

$;������	 �� �
:�� :<BC	��� �=:�� :'�=	 � �
~ P�I�?A� � N!U ��z�Edc�V0TpGJ@DU�I��"� � Edz�G�P�IOYv@�V�K0TpCFILVyGJT�\5��T�l�G�P0TpG�K0T�G�TtT�U�IeT�@AGJP�ILVyG�Ed_`TpGJILK�E^V
GJPDIRz�I`_L@�U�I{Q���?'�

�;?�� ��� �+@�VDYvN�U�cWT�BD\^ltT�@AGJP�ILVyG�Ed_`TpGJILz¬GJPDI{z�ILG�NpY � �hzX�XE^G�PkT�S0T�U�G�Ed_L@�\uT�U$G-l�S3I�q3_`\uTpz�z`q
T�V�K�V0T�CeI�T�VDK#B�EdVDK�z�EHG�G�NOTRG�EdCeIXEdVWGJILU��pT�\'T�V�KFG�P�I�z�Edc!VDI`U�� z�KDN!C�TpEdVeV0T�CeI�� ~ P�E^z�E^z(K�N�V�I
BWl�@�z�EdV�c#G�P�I�S�U�EH��T�GJI��pILlkG�P0TpG�B3I`\dN�V�c!z�G�NtG�P�ION��XV�I`U�N�Y�GJPDIO�`N!V�I ��_aT�\^\dILK !#��!������ 
XYvU�N!C
�XP�E^_�P GJPDI � �hzeN!U�Edc!E^V0TpGJILK¤GJN�z�Edc�V�G�P�IgK�E^c!I`z�GJILK _`N�VyG�I`VWGJzFN�Y � �XzFS�\^@�zeN�GJP�ILU�U�I`\dTpGJILK
EdVAYvN!U�CFTpGJE^N!Vb�tZ5�A_`I`SAGOYvN!U{G�P�IM?A� � ���Xz`q[IaT�_�P2G-l�S3I#N�Y � � P0Tpz�E^G�z�_`N�U�U�ILz�S3N!V�K�E^V�c¢?A� �
� �R�

¯0N!U¦IL��I`U�leTp@DGJP�ILVWGJEd_`TpGJILK � �Xz�z�ILG]GJPDIhxy@�ILU�l�U�ILGJ@DU�V�zLqyG�P�IXz�IL_`@�U�E^G-lW��Ta��T�U�I¬Q���?�z�ILU���I`U
z�PDN!@�\dKtz�I`V�KnGJP�IRTa�pT�Ed\dT�B�\dI�?A� � � �hz�G�P0TpG¬T�@DG�P�I`VWGJE^_aTpG�I�GJP�I�U�ILxy@�I`z�GJI`K ���XzXz�I�Ga�

" :�� � � :<BC	� � �=: � :<�=	 � �
~ P�I�?A� �����+CeI`_�P�T�V�Edz�C
S�U�N���EdKDI`zhz�GJU�N!V�cFT�@DG�P�I`VWGJE^_aTpG�EdN!VnN�Y
���Xz$GJP0TpG¬I��AE^z�GhEdVjTe�LN!V�Ip�
��@DGh�XE^G�P�N!@DGhGJPDI�� ! ~ � z�G�T�V�KnYvN!U ���RQ�� 
 ���=CeI`_�P0TpV�Edz�Cjq�E^GhE^z¬E^CFS3N!z�z�EdB�\^I�GJNe�!I`U�E^Y ltGJPDI
I��AE^z�GJILV�_`I�N�Y&T�V0TpCFI�E^VMT��`N�V�I�N!U$T�G-l�S3I�YvN!U$T�VMI£�DE^z�G�EdV�cOV0TpCFI��XPDI`VnT�V�I`c!TpGJEH�!I�T�V�z���ILU
Edz$U�I`_LI`E^��I`Kb�

~ P�I�VDN!V�I��AE^z�GJILV�_`I�N�YXTtV0T�CeIFE^V�Tn�`N!V�IFEdz�EdVDK�Ed_`TpGJILK�BWl¢GJP�I�� ! ~ ��� YvN!U{TtV0T�CeI
EdVWG�I`U��pT�\W_LN!VWG�T�E^V�EdVDcXG�P�I]V�N!V�I£�AEdz�G�I`VWG5V�T�CFIp� ��� ! ~ � �¤T�V�KRE^G�z[?�� � �����XE^\d\�B3I�U�ILG�@�U�VDI`K
BWltT�z�I`_L@�U�I{Q���?#z�I`U���I`U¬E^Y�E^G$w0VDK�zXN!@DGXGJP0T�GhT�U�I`xy@�ILz�GJILK � �}Edz$V�N�V�I��AEdz�GJILVyG`�

~ P�I�N��XV�I`U$V0TpCFI�NpY«GJP�I�� ! ~ ��� Edz�TpVnI£�AEdz�G�EdV�c�V0T�CeI�EdV#G�P�I��`N�V�I��]��GJzXQ � ~ �}w0I`\^K
_`N�VyGJT�EdVDz�T ��V�I£�AG	�gV0TpCFIFT�V�K�TtG-l�S3I�B�EHG{CFT�Sb� ~ Py@�z{G�P�I�� ! ~ � �hz�E^V�Tn�`N!V�Ie_`U�IaTpG�I
Tg_�P0TpEdV2N�Y$T�\d\¦GJPDI�\dEHGJILUJT�\]N��XV�I`U{V0T�CeI`z{EdV�G�P0TpG{�`N!V�Ip� ~ P�I#SDU�I`z�I`V�_LIMN�Y�G�P�IM� ! ~ ���
CeIaT�V�z(GJP0TpGXVDNOV0T�CeI�q�Tp_`_`N�U�K�E^V�c�GJNO\^I��AEd_LN!c!UJTpS�P�Ed_¬N!U�KDI`U�E^V�c�qAB'I�G-��ILI`VgEHGJz�N��XV�ILUXT�V�KMGJPDI
V0T�CeI�E^VkE^G�z�Q � ~ �7w0I`\^KkI��AEdz�GJzLq«T�V�KkG�P0TpG�VDNMN�GJP�ILU�G-l�S'I�I��AEdz�GJz�@�VDK�I`U�EHGJz�N��XV�ILU�V0T�CeI��
¯0N!U$I��DT�CeS�\^I�

ªDr



A&�%H+� A�2,2'� .&"�>+� E ������� ��� L A,>#2���2 �6A�2,2'� .?"�>+� �&� �#���  
�� ��� L

CeIaT�V�zeGJP�ILU�IjEdzeV�N2K�N!CFT�E^V V0TpCFInI��AEdz�GJE^V�c�B3ILG-�(I`ILV/-'Q	� #%���	��1 � ��T�V�K # � � � �	� #%���	��1 � �£q(YvN�U
I��DT�CeS�\^I�q #%�%Q	� #%���	��1 � ��K�N�I`z¬V�N�G¬I��AEdz�Ga� �¬\dz�N3-'Q	� #%���	��1 � ��N!VD\^lMP0Tpz���? ����q3?A� ��� �Rq���Z��
� �Rq0TpV�Kg� ! ~ ���}@DV�K�I`UhE^G�z$V0T�CeI��

� ��	 ��B � : ��� 	 ��: 	 ��� �����	 �
���@? � :<�=	 � �
~ UJT�V�z�YvI`U �,N!V�I�N�Y �¬@DGJP�N�U�E^G-l"�XI`_LN!U�K,q3N�U�� !�¯
� � �Rq�E^z¬Tez�S3I`_LEuT�\«G-l�S'IRN�Y�?�� ��� ��� ~ P�I
S�U�EdCFT�U�l¬V0T�CeI]z�I`U��!ILU&c!ILV�I`U�TpGJILz�G�P�Edz � ��BWl�_`N�CFS�@AGJEdVDcXThK�E^c!I`z�G�N�YDT�\d\�G�P�I ���Xz`q�EdVD_`\d@DK�EdV�c
T�\^\[?�� � � �hzhI��A_LI`SDG�G�P�I � !�¯
� ����q0GJP�ILV�z�E^c!V�EdVDcFEHG�@�z�EdV�cFGJP�I{�`N!V�I�S�U�EH��T�GJIR��ILl�� ~ P�E^z
� � E^z(@�z�I`KMGJN{S�U�N���I�GJP�I¬EdVWGJILc!U�EHG-lFNpYbGJP�I ���Xz�K0T�G�T�B0Tpz�I��XP�ILVtT��`N�V�I¬G�UJT�V�z�YvI`U�P�T�S�S3I`V�zLq
E�� I��]TOz�I`_`N�V�K0T�U�lM��T�VWG�z�TO�XP�N!\^I�_`N!SWltN�Y�GJP�I�K0T�G�T�B0Tpz�I��

S � S �TS )+����.��[�$�0��9«	]�0��"$� X¤.�	(���

�=U�ILz�N!\H�!ILU$_`N!@�\^KM\dI`T�U�VtT�S�@DB�\dE^_���I�ltN�Y&T��`N!VDI�I`E^G�P�I`U�Byl#P0Ta�AE^V�cOE^G�z�G�T�GJEd_`T�\d\Hl�_`N!VAw0c!@�U�I`K
�XE^G�P�EdVjE^G¬N!U�BWljxy@�I`U�lAE^V�cME^GhYvU�N�C G�P�IOQ���?'q ��@Dz�G�\^Ed�pI�xy@�I`U�l�EdV�cMN�G�P�I`UhG-l�S'ILz�N�Y � �hzL���-V
z�N�CFI�_`T�z�ILz`q ��Z�� � �Xz[�XEd\^\DT�\^z�N�B3I$U�I�GJ@�U�V�I`KeT�z]T�KDK�E^G�EdN!V0Tp\AE^VDYvN!U�CFTpG�EdN!V��XE^G�P�N!@DG¦I£�AS�\dE^_`E^G
xy@�I`U�l!�

~ NnU�IL\dEdT�B�\^lg\dI`T�U�V�TtS�@�B�\^Ed_O��I�l�Byl¢xy@�ILU�l�EdVDcjEHG�YvU�N!C G�P�IFQ���?'qbG�P�I���ILl�EHGJz�IL\^Y(C�@�z�G
B3I#z�E^c!V�I`K2�XEHGJP¡Tg�pILl2G�P�I#U�I`z�N�\^�!ILU�GJU�@�z�G�z`� ~ P�IMU�ILz�N!\H�!ILUOC�@�z�G�B'I#_LN!VDw0c�@�U�ILK¡�XEHGJP¤T�G
\dI`T�z�G�T�S�@�B�\^Ed_¬��ILl�GJP0TpG�T�@DG�P�I`VWGJE^_aTpG�I`z$N!VDI��`N!VDI�T�z$T�z�G�T�U�GJEdVDc�S'N�EdVWGa�¦¯0U�N!C G�P�I`U�I�q�EHG�_`T�V
z�IL_`@�U�I`\Hl¢U�IaTpK�SD@�B�\dE^_O��I�lAzRN�Y�N�GJP�ILU��`N!VDI`z`� ��I`V�ILUJT�\^\^l!q'GJP�I�U�ILz�N!\H�!ILU��XE^\d\&B'IeT�B�\^I�GJNtc!I�G
GJPDI ��Z�� ����YvN!U]GJP�I�U�N�N�G��LN!V�I�T�Y GJI`U�GJP�I¬w0U�z�G$U�N!@DV�K#N�Y«G�P�I�xy@�ILU�l!�]��G$_`T�V�G�P�I`VMK�ILz�_LI`V�K
�XE^G�P�EdV#G�P�I�GJU�I`IRN�Y[�LN!V�ILzh@DVyG�Ed\«EHG$c!ILG�z$GJP�I�w0V0Tp\�T�V�z��(I`UL�

¯[Edc�@�U�I¬ª��-oRz�PDN �Xz(GJP�IhEdK�I`T{N�Y«TRGJU�@�z�G�I`KMTp@DGJP�ILVWGJEd_`TpGJE^N!Ve_�P0T�EdVFEdV�T{zJTpCFS�\^IXU�I`z�N!\d@AGJEdN�V
EdVtz�I`_`@DU�I{Q���?'�

S � S � � :+���	(/
��9 � ��6�	¦�0�

~ P�I�z�I`_`@DU�I�Q���? I£�AG�I`V�z�EdN!V*K�I�w0V�ILztT2V�IL� Q���? U�I`xy@�I`z�GnN!S'_LNAKDI�qXV�IL� Q���? U�I`xy@�ILz�G
T�V�K�U�I`z�S'N!VDz�IOS0T�_��pILG�YvN!U�C�T�G � � ~ �h��s +Dq3Z�T�zJs +	� � ��V�@DS'K0T�GJI�U�I`xy@�I`z�G�_aT�V�z�S'IL_`EHY lg_LN!C��
S�\^I��t_LN!C�B�E^V0TpGJE^N!V�z$N�Y[K�I`\^ILG�EdN!V�zhT�VDKgEdVDz�I`U�GJE^N!V�zXN�Y ���Xz`� � S'K�TpGJILz¬N�_`_L@�UhTpGXGJP�IRS�U�E^C�TpU�l
z�ILU���I`URN�Y(Tt�LN!V�Ip� � U�ILxy@�I`z�GO?A� � C�@�z�GRTpS�S'I`T�U�z�T�G�GJP�I�ILV�K¢N�Y(T�V¢@�S'K�TpGJIOU�I`xy@�I`z�G�TpV�K
T�@DG�P�I`VWG�Ed_aT�GJItGJP�IjU�I`xy@�ILz�G#�XEHGJP�GJP�In��I�l N�Y¬GJP�Ijz�@�BDCFEHG�GJE^V�c¢I`VWGJEHG-l!�*��GFEdz�GJP�InS�U�E^C�TpU�l

ªWm



CeIaT�V�z�N�Y�T�@DG�P�I`VWGJE^_aTpG�EdV�c{GJP�I�U�I`xy@�I`z�Ga� ~ P�I�T�@AGJP�N!U�E^G-lFS'N�\dEd_�l�Edz(K�ILG�I`U�CeEdVDI`KMBWl�G�P�I��`N�V�I
T�K�CeEdVDEdz�G�UJTpG�N!U`� � U�IaTpz�N!V0TpB�\dI�S3N!\dE^_LlFCFE^c!PWG$B3I�

r!� �¬V¤@�S'K�TpGJIFU�I`xy@�ILz�Gez�E^c!V�ILK2BWl¤Tg�LN!V�I#S�U�E^�pTpG�I���I�l2P0Tpz�GJP�I�T�@DG�P�N!U�EHG-l¢GJN�@�S3K0TpG�I
T�VWl � �XzhE^VMGJP�I��`N�V�I��

mA� �¬V�@DS'K0T�GJIMU�ILxy@�I`z�GFz�Edc!VDI`K¡BWl¡TkS�U�EH�pTpGJI#�pILl¡B3I`\^N!V�c!E^V�cjG�N�TkKDN!C�TpEdV2V0TpCFIMP0Tpz
G�P�I�Tp@DGJP�N�U�E^G-l�G�Ng@�S3K0TpG�I�TpVyl � �hzRN��XV�I`K�Byl¢G�P�EdzRK�N!CFT�EdV¢V0TpCFIp�t¯�N�URI£�DT�CFSD\dI�q
G�P�I�@�z�ILU#�XP�N¡S'N�z�z�ILz�zMGJPDI�S�U�EH��T�GJIg�pILl�NpY{_�PDN!U�Kb� \d_Lz`� CFEHGa� I`K�@*z�P�N!@�\^K�B'I¢T�BD\dIjG�N
_LN!VW�AE^V�_`In\d_Lz`� CFEHGa� I`K�@��`N�V�InG�N�@DS'K0T�GJItGJP�I ����G�P0TpGe_`N�VyGJT�EdVDzeG�P�Ij�-° TpK�K�U�ILz�zeN�Y
_�P�N�U�Kb� \d_Lz`� CFEHGa� I`K�@bq0BWlMz�Edc!VDEdV�c�G�P�I�@�S'K�TpGJI�U�ILxy@�I`z�G�@�z�EdV�c�GJPDIRSDU�E^�pTpG�I���I�l!�

� ��( � �����$� !��.�� � ���`N!V�I�Edz&T�VWl�z�IL_`@�U�I�Q���?R�`N�V�I�G�P0TpG�_aTpV�EdVWG�I`U�SDU�ILG[TX@�S'K�TpGJI�U�ILx�@DI`z�G`q
_�P�IL_��jGJPDI�T�@AGJP�ILVyG�Ed_`TpGJE^N!VkT�VDKkT�@DG�P�N!U�E^G-ltN�Y5G�P�I�U�I`xy@�ILz�GaqbT�V�Kg@DS'K0T�GJI{G�P�I � �=K0TpGJT�B0T�z�I
EdV�U�IaT�\hGJE^CFIj_`N!U�U�I`_�GJ\Hl!� ~ N¤_�P�IL_�� GJPDI¢T�@DGJPDI`VWGJE^_`E^G-l N�Y�EdVD_`N!CeEdV�c�@�S3K0TpGJI�U�I`xy@�ILz�GJzLq�E^G
C�@�z�G�_LN!VWG�T�E^V�z�z�N�CFIFI`VWGJEHG-l�N�U�@�z�I`U ��Z�� � �hzRGJP0TpG�_aT�V¡Tp@DGJP�N�U�Ed�LI�KDl�V0TpCFE^_F@�S3K0TpG�I`zL�
~ N�@�S'K�TpGJIeGJP�I � �Xz�K0TpGJT�B0T�z�I#_`N!U�U�IL_LGJ\Hl!q[G�P�I#S�U�EdCFT�U�l¢z�I`U��!I`U�C�@Dz�G�@DS'K0T�GJIMT�\^\]U�I`\dTpGJILK
� �hzLq�YvN�URI£�DT�CFSD\dI�q�? � � ����q�? � ��?�� � ����q�� ! ~ � �hzLq&� ! ~ ?�� � ���Xz`q�B3I`z�E^K�I`z�GJPDI
U�ILxy@�I`z�GJI`K�N!V�Ip� ��\^z�NMT#V�I�� � !�¯
� � ��z�P�N!@�\^K�B'I�_LN!CeS�@DGJILKbqbN!UhGJP�I�S�U�E^C�T�U�lt�XEd\d\�V�NpG
B3I{TpB�\dI�G�Ne_LN!VW��EdV�_LI�TOz�IL_`N!VDK0T�U�ltE^VMGJP�I�V�I£�AGh�LN!V�I�GJU�T�V�z�YvILU`�

��T�z�I`K2N!V�K�E^©'I`U�I`VWG�z�I`_L@�U�EHG-l�G�UJT�KDI��-Np© z�GJU�TpGJILc!EdILz`q&G�P�I`U�I�TpU�IFG-�(NkB0Tpz�Ed_e�yEdV�KDz{N�Y�KDlW�
V0T�CeEd_Rz�IL_`@�U�IO�`N!VDI`z`q,z�GJN�U�EdVDc�GJP�I��`N!V�I���ILljN!V�\^EdV�I�T�V�Kkz�GJN!U�EdV�cFGJP�I{�`N!V�I���ILlgN�©��-\dE^V�I��h��Y
GJPDI�S�U�EH�pTpGJI¬��ILl�Edz�N�V�\dE^V�I�qWGJPDI�V�IL�}?A� ��z�U�IL\uTpG�I`K�G�N�GJP�I�@�S'K�TpGJILK ���Xz�_aTpVMB'I�_LN!CeS�@DGJILK
EdCeCeI`K�EdTpGJIL\^l!�&��Y[G�P�I�S�U�EH��T�GJI���I�lnEdz$N �eEdVDI�q�GJP�TpGXEdzLq0V�N�G¬T�_`_LI`z�z�EdBD\dI��XP�I`Vj@�S3K0TpGJI�N�_`_L@�U�zLq
GJPDI`U�I��XE^\d\bB3I�z�N!CeI�z�IL_`@�U�E^G-lMS�U�N!B�\^I`Cez`qD�XP�E^_�Pn�XE^\d\bB3I�K�E^z�_`@Dz�z�ILKkEdVMG�P�I�V�I���Ghz�IL_LGJE^N!Vb�

� ��� & �E�j	 4��3� �j 2�� 4���# � 5 6 2 � �x�j�<�����" %�

~ P�Itz�IL_`@�U�IgQ���?2I���GJILV�z�E^N!V CFT��pI`zO�!ILU�E^Y l�E^V�c�GJP�ItT�@AGJP�ILVyG�Ed_`TpGJE^N!V¡N�Y¬T�V�z��(I`U�z�S3N!z�z�EdB�\^I��
~ P�ILU�ILYvN�U�IRE^G$S0T�GJ_�P�ILzhG�P�I�B�Edc!c�I`z�GXz�I`_L@�U�EHG-ltP�N!\dI�NpY5Q���?'�

��G�GJT�_��yEdV�c�GJPDIMz�I`_L@�U�InQ���?�I���GJILV�z�E^N!V E^z�P0T�U�K�I`U�G�P0T�V¤B3ILYvN!U�I�q]B�@DG�VDN�GOEdCeS3N!z�z�EdB�\^I��
Q�I`S3I`VDK�EdV�c¢N!V¡P�N�� GJP�ItS�U�E^�pTpGJI���ILl¡NpY�T��`N�V�IMEdzOz�GJN!U�I`Kbq�GJP�ILU�InT�U�IMKDE^©'I`U�ILVWGO��Tal�zeG�N
TpG�G�T�_����

ª!ª



mit

lcs.mitK

Kroot

Kmit

lcs.mitK

lcs.mitK

Kroot

KrootKmit

Kmitlcs.mitK

Klocal

Klocal

Klocal

Kroot

Kmit

lcs.mitK

K

(statically configured)

root
name server

mit.edu
name server

lcs.mit.edu
name server

resolver

Local
name server

signed by K

signed by K

signed by 

signed by 

K

local

root

mit

lcs.mit

IP of chord

query for IP of chord.lcs.mit.edu

query for IP of chord.lcs.mit.edu

query for IP of chord.lcs.mit.edu

query for IP of chord.lcs.mit.edu

(IP of the root name server and ), signed by
K

Kroot

public
key
for

local
name
server

Klocal

(IP of the mit.edu name server and ), signed by

(IP of the lcs.mit.edu name server and ), signed by

(IP of chord.lcs.mit.edu), signed by 

verified by

verified by

verified by

final answer verified by

¯[E^c!@�U�I�ª��-o� ��z�T�CeS�\dI �XI`z�N!\d@AGJEdN�VnE^VMz�IL_`@�U�I�Q���?3�

S �����
	 � "$�����7�& ���������������

��I`ILS�EdV�c{GJP�I��LN!V�I��pILl�EdVFG�P�I�K�E^z��eN!U�CeI`CeN!U�l�N�Y«GJP�I�S�U�E^C�T�U�l�V0T�CeI¬z�I`U��!I`U$YvN!U(T��LN!V�I�E^z
GJPDIRI`T�z�E^I`z�G¬��TalMGJNez�GJN�U�I�GJP�IR��I�l!�(�-VnG�P�EdzXCeNAK�IpqD�XP�ILVkT�@DG�P�I`VWG�Ed_aT�GJI`Kj@�S3K0TpGJILz¬z�@�_`_LI`ILKbq
V�I��7?A� ��zXYvN!UXGJP�IR@�S3K0TpG�I`K�� �Xz¬_`T�VgB3I�_`T�\d_L@�\uTpG�I`KnEdCeCFILK�EuT�GJI`\Hl!����@DGhGJPDEdzhCFN�K�I�P0T�z¬T
B�E^cMK�Edz�T�KD�pT�VWG�T�c�I�� ~ P�I�@�\HGJE^C�TpG�I{�LN!V�IeT�@DG�P�N!U�E^G-lkSDU�E^�pTpG�I���I�l�Edz�z�GJN!U�I`K�EdVkG�P�IOS�U�E^C�TpU�l
V0T�CeIXz�ILU��!ILU`q��XP�Ed_�PFEdz�T�_`_LI`z�z�EdBD\dI$GJN{TRU�I`CeN�GJIhTpG�G�T�_��pI`UL� ~ P�Edz�CFI`T�V�z¦GJP�TpG�E^Y,G�P�IXS�U�E^C�TpU�l
z�ILU���I`UnEdzM_`N�CFS�U�N!CeEdz�ILKbqXGJP�I�E^VyG�U�@�KDI`Ut_aT�V*z�GJIaTp\�GJP�E^zMS�U�EH��T�GJIk�pILl T�V�K*z�Edc!V��XP0TpG�IL��I`U
P�I !pz�P�IX��T�VWGJz`� ~ P�E^z�TpG�GJT�_��OEdz¦V�NpG(ILz�z�I`VWGJEdT�\d\HlOK�E^©'I`U�I`VWG]YvU�N!C7GJP�I¬TpG�GJT�_���E^VFz�P�N��XV#¯[E^c!@�U�I
ª��Jr!�¡¯�T�\dz�IMK0TpG�T�_LN!@�\dK¡B3InT�@DGJPDI`VWGJE^_aTpG�I`K¡GJN¢z�IL_`N!V�K�T�U�E^I`zFT�V�K�N�GJP�ILU�z�I`U��!ILU�z !�U�I`z�N!\^��I`U�z`�
~ Py@�z]GJP�E^z¦CFN�K�I$_aTpV�V�N�G�z�@DU���E^��I�T�z�E^V�c!\^I�V�N�K�I$Y�T�Ed\^@�U�Ipq!E^Y�GJPDIhSDU�EdCFT�U�l�Edz5G�P�I$Y�T�@�\HG-l�V�N�K�I��

�¬N�G�Ed_LI¢G�P0TpGtz�GJN!U�EdV�c¤GJPDI�ILV�_`U�l�SDGJILK+S�U�EH�pTpGJI��pILl*EdV�G�P�I¢z�I`U��!ILUkT�V�K K�IL_`U�l�SDG�EdV�c�E^G
B3ILYvN!U�I{@�z�EdV�cFE^GXGJNFc!I`VDI`UJT�GJIO?�� ��� �Xz¬K�N�I`z¬V�N�G¬z�N!\H�!IRGJP�IRS�U�N�B�\dILCj� ~ N�B3IRYv@D\d\^l#z�I`_L@�U�Ipq
GJPDIRSDU�E^�pTpG�I���I�ljz�P�N!@�\^KjVDIL�!ILU¬I£�AEdz�GhE^VtG�P�I�CFILCFN�U�l#NpY[GJPDIRz�I`U��!I`ULq'I��!ILVjYvN!U$GJPDIRz�P�N!U�GJI`z�G
S3I`U�E^NAK,� ~ P�I�EdVWGJU�@�K�ILU$C�Tal#KD@�CFStTpV�KnT�V0T�\HlA�LI�GJP�I�CeI`CeN!U�lFG�Nec�UJT�B#G�P�I�S�U�EH��T�GJI��pILl!q0N�U
P�I !pz�P�I�_aT�VMI`T�z�E^\^l�K�ILS�\dN�l�T ~ U�N ��T�VMPDN!U�z�I�GJN{_aT�SDG�@�U�I¬GJP�I�S�T�z�z���N!U�K#GJP0T�G��XEd\^\�U�I`\^IaT�z�I�GJPDI
@�\HGJEdCFTpG�I�S3N �(I`UL�

?ACFT�U�G�_aT�U�K�z`q��XP�Ed_�P�T�U�I�I`T�z�l¢GJNjTpG�G�T�_�P�N!U�K�ILGJT�_�P�YvU�N!C Tt_`N!CeS�@DG�I`U`q�_aTpV�z�G�N!U�I�GJPDI
S�U�E^�pTpGJI���ILl�TpV�K KDN¢G�P�IMz�E^c!V�E^V�ck�XE^G�P�N!@DG�\^IaT��yEdVDckGJP�IMS�U�E^�pTpG�IM��ILl�� ~ P�Edz�z�I`I`CezOGJN¢B3I
Tgc!N�N�K2_�P�N!E^_`I�q[I��A_`ILSDG�GJP0TpG{GJP�E^z{�(N!@�\^K2V�I`ILK¡z�S3I`_`EdT�\�P0T�U�KA��T�U�I�����@DG�T�_LG�@0T�\^\^l!q�GJP�E^z�E^z

ª�o



V�N�G�S'ILU�YvIL_LG#ILE^G�P�I`UL� ��V�_LIgGJP�Ijz�CFT�U�G�_aT�U�K�EdzFTpG�G�T�_�P�ILK�GJN�T�_`N!CeS�U�N!CFE^z�ILK z�ILU���I`U`qXGJPDI
EdVWG�U�@�K�ILU�_aTpV�@Dz�I#GJPDIMz�GJN�\dI`V¤S�T�z�z���N!U�K¤GJN¢T�z���GJPDIMz�CFT�U�G�_aT�U�K2GJN�z�E^c!V2z�N!CFIMB�T�K����Xz`q
T�\HGJP�N!@Dc!P�P�I !pz�PDI#_aT�VDV�N�GO�yV�N�� GJP�IFS�U�EH�pTpGJIF��ILl���¯0@�U�G�P�I`U�CFN�U�I�q[z�GJI`T�\dE^V�cjTgS�U�EH�pTpGJIe��I�l
YvU�N�C¥T�z�CFT�U�G�_aT�U�KnE^z$V�N�GXE^CFS3N!z�z�EdB�\^I�� � ��s=4 � �

S ������� � "$�����7�& ���������!�������

��V�N��XEdV�cjGJP�IFK0T�V�c!ILU�N�YXz�GJN!U�EdV�cj�`N!VDI#S�U�EH�pTpGJIe��I�lAz�N!VD\dEdVDI�q � Z�T�z�s +	��U�I`_LN!CFCeI`VDK�z{G�P0TpGaq
�XP�ILU�IeS'N!z�z�E^B�\dIpq«�`N!V�IeS�U�E^�pTpGJIO�pILl�zRz�P�N!@D\dK�B'I���ILSDG�T�V�K¢@�z�ILK�E^V�Np©3��\dEdVDI�qbV�N�VA�-V�I�G-��N�U��!�
_`N�V�V�I`_�GJILKbq�S�PWlAz�Ed_`T�\d\Hl#z�IL_`@�U�I�CFT�_�P�E^V�I`z$N!VD\^l!�

��I`I`SDEdV�c�Tj�`N!V�I�S�U�EH��T�GJI��pILl�N�©��-\dE^V�IO�XP�Ed\^I��pI`I`SDEdV�c¢TgKAlAV�T�CFE^_F@DS'K0T�GJI#�pILl!q5�XPDEd_�P
Edz�T�@DGJPDN!U�E^�`I`K¡BWl2G�P�IMS�U�EH�pTpGJIM�pILl!q�N!V�\^EdV�I�Edz�V�NpG�K�E^©'I`U�I`VWGOYvU�N!C ��ILI`S�E^V�c�GJP�It�`N�V�IM��I�l
N!V�\dEdVDI�� ~ PDI�P0T�_��pI`U{_aT�V�B�U�I`T��¢EdVWGJNtGJP�IeP�N!z�G{G�P0TpG{P�N!\^K�zRG�P�IeN!V�\dE^V�IOKDl�V0T�CeEd_e@�S3K0TpG�I
��I�ltT�V�KMc�I`V�ILUJTpG�I�GJP�I�K�ILz�E^U�I`K ��KAlAV�T�CFE^_�@�S3K0TpG�I�� � �hzL� ��\^G�P�N!@�c�P�GJP�I�KAlAV�T�CFE^_�@�S3K0TpG�I
��I�lMT�VDK#GJP�I�KAlAV�T�CFE^_�@�S3K0TpG�I`K � �hz(_aT�VMB3I�U�IL�!N���I`KnT�z�z�N�N!VtT�z(G�P�I��LN!V�I�T�K�CeEdVDEdz�G�UJTpG�N!U
V�N�G�Ed_LI`z$GJP�I�E^Vy�pT�z�EdN!V,qAGJPDIRE^VWGJU�@DK�I`UXCFT�l�P0Ta�!IRK�N!V�I�z�I`U�E^N!@�zXK0T�CFT�c!Ip�

�-CFSD\dI`CeI`VWG�EdV�cOT�G�U�@�\HleN�©3��\dE^V�I¬�pILlMz�GJN!U�T�c!I�CeN�K�I�Edz(V�N�G�G�U�EH�AEdT�\�� ��V�I�zJT�YvI�z�N!\^@DGJE^N!V�E^z
GJNe��ILI`SnGJP�I�P�N!z�G¬G�P0TpGXP�N�\dK�z$GJPDIRSDU�E^�pTpG�I���ILltE^VnTec!@�T�U�K�ILKgTpV�KjVDILG-�(N!U��tEdz�N!\uT�GJI`KMU�NAN�Cjq
T�V�K�G�Nn@Dz�I�U�ILCFN��pT�B�\^I�CFILK�EuTAq,z�@D_�P2T�z�TMK�E^z���I�G�G�I�q«GJN#G�UJT�V�z�YvI`U�GJPDIO@�S'K�TpGJIOU�I`xy@�I`z�G�TpV�K
GJPDIRz�Edc!VDI`KnV�IL�}K0TpG�TOB3ILG-�(I`ILVgGJP�I�z�Edc!V�ILU � �pILltP�N!\^K�I`U 
�T�V�KtGJP�I�S�U�EdCFT�U�lFV0T�CeI�z�ILU���I`U`�

� N��(IL�!ILU`qXE^GeE^zeKDE �e_`@�\HG�YvN!U�KDl�V0T�CeEd_aTp\d\^l�T�K�KDI`K�N!U�_�P0TpV�c!I`K ���XzeT�V�K G�P�InU�I`\dTpGJILK
� ! ~ ���Xz�GJN�B'I�z�Edc!VDI`KkBWlgG�P�I�N�©��-\^EdV�I��LN!V�I�S�U�E^�pTpG�I���I�l!� ��z�T�_`N!VDz�I`xy@�ILV�_`Ipq«GJP�I�l�T�U�I
I`EHGJP�ILU�V�N�GhTa�pT�E^\uT�B�\^I¬N�U�V�N�GXS�U�N�GJIL_LG�I`KnBylFGJP�I��LN!V�I�S�U�E^�pTpGJI���ILl#B'I�YvN!U�I�G�P�I�V�I���GXz�Edc!V�E^V�c�q
�XP�E^_�P}c!ILV�I`U�T�\d\Hl�K�N�I`znV�N�GjP0T�S�S3I`V YvU�I`xy@�ILVWGJ\^l��¥�-V}z�N!CeI�_LEdU�_L@�Cez�G�TpV�_`ILz`q�GJP�I�@�S3K0TpG�I
U�ILxy@�I`z�G�Edz�G�EdCeI�_`U�E^G�Ed_aTp\��]?A@DS�S'N�z�I{Te@�z�I`UXEdzXz�@�z�S�E^_`E^N!@�z$GJP0T�GXN!V�IRN�Y[PDEdz !�P�I`UXS�U�E^�pTpGJI��pILl�z
Edz$_LN!CeS�U�N!CeEdz�I`K �AP�I !�z�P�I��XEd\^\,z�@�U�IL\^l���T�VWGXGJP�I�_LN!U�U�I`z�S3N!V�KDEdV�c�S�@�BD\dEd_ ��Z�� � �+T�V�Kj?A� �
� � G�NkB'IFU�I��!N!�pI`K T�V�K2U�I`S�\dT�_`ILK¤EdCeCFILK�EuTpG�I`\Hl!�n��@DG�E^Y�G�P�I#S�U�E^�pTpGJIF��I�l2N�Y$G�P�I��LN!V�I#E^z
z�G�N!U�ILK�N�©¡\^EdV�IpqbGJP�Ie@�z�I`URC�Tal�P0Ta��IFGJNM��T�E^GR@�VWG�Ed\5GJPDIFV�I£��G�z�Edc!V�E^V�ctS'N�EdVWG�GJNnc!ILGRU�I`\dE^ILY��
¯0@�U�G�P�I`U�CFN�U�I�q&z�E^V�_`IeGJP�IFEdVWGJILc!U�EHG-l¢N�Y�GJPDIF�XP�N!\^I � � K0TpG�TpB0T�z�IFEdzRV�N�G{S�U�NpGJI`_�GJILK¤Byl�GJPDI
? � � � ��q«� ! ~ � �hzLq�T�V�K¢GJP�I ��!�¯
� � �Rq'GJP�IOz�I`_`N�V�K0T�U�l¢z�I`U��!ILU�z{�XE^\d\&V�N�G�B3IFTpB�\dI�G�N
�yV�N��*�XP�ILG�P�I`U�G�P�I � �hz(K0TpGJT{GJP�I�S�U�E^C�T�U�lOc!EH�!I`z(GJN�G�P�I`C Edz(_`N!CeS�\^ILGJI¬T�V�KM_LN!U�U�I`_�Ga� ~ P�E^z
�XEd\^\,E^VyG�U�N�K�@�_LIRz�N!CeI�TpG�G�UJT�_�GJE^��I�_�P0T�V�_LI`zXGJN�P0T�_��pI`U�zL�

ª .



S �����TS ��%'�&�0.����[���*) �A�0	(9 �

��N�G�PkGJP�ION�V�\dE^V�I�T�VDK�N �eEdV�I�CeN�K�I`z�TpU�I���@�\dVDI`UJTpB�\dI�G�NtT�YvU�ILz�P�V�ILz�zRTpG�G�T�_���� �;YvU�I`z�P�V�ILz�z
TpG�G�T�_���N�_`_`@DU�z��XP�I`V�ThCFILz�zJTpc!I ��N!U�CFILz�zJTpc!I(_LN!CeS'N!VDI`VWG 
«YvN!U�T¬S�U�IL��EdN!@Dz[U�@DV�N�Y�TXS�U�N�GJN�_`N!\
Edz¬U�IL_`N!U�K�I`K�BWl�TpVkEdVWGJU�@�K�ILU�T�V�KkU�I`S�\dTal!I`K¢Tpz�T�CeI`z�z�T�c!I�_LN!CeS'N!VDI`VWG�EdVnGJP�I�_`@�U�U�I`VWG�U�@�V
N�Y�GJP�I�S�U�N�GJN�_`N�\��

?AEdVD_`I�EdVtQ���?�z�IL_`@�U�IRI£��GJI`VDz�EdN�Vbq�GJP�IR?�� � � �hzXT�U�I�V�N�G$c�I`V�ILUJTpG�I`KtS'ILU���x�@DI`U�l#B�@DGhT�U�I
S�U�I��-_LN!CeS�@DGJILKbq�GJPDILltT�U�I��A@D\dV�ILUJT�B�\^I�GJNeTOYvU�I`z�P�V�ILz�z¬TpG�GJT�_����

�7?A� � � �}Edz��pT�\^EdK�YvU�N!C G�P�I ��z�E^c!V0TpG�@�U�I�E^V�_`ILSDGJE^N!V���GJE^CFI�@�VWGJEd\'GJP�I ��z�Edc!V0T�GJ@�U�I�I��AS�E �
UJT�GJEdN�V���GJE^CFIp� ��\dz�N�T�V ��N!U�Edc!E^V0T�\ ~$~ ® ��w0I`\^KOEdz5E^V�_`\^@�K�ILKOT�V�K�S�U�N�GJIL_LGJILK�Byl{GJP�I�z�Edc�V0TpGJ@DU�I��
~ P�I�_`N�U�U�ILz�S3N!V�K�E^V�c � ����z 
�T�U�I���Tp\dEdK�@�VWGJEd\3GJP�I ��z�Edc!V�TpGJ@�U�I�I��AS�E^UJTpG�EdN!V ��GJE^CFI�N�U�GJP�I ~$~ ®
I��AS�E^UJTpG�EdN!VkG�EdCeI�q,�XPDEd_�P�I��!I`U{_`N!CeI`z�w�U�z�G`�O��Y�TpV � �7E^z�@�S'K�TpGJILK�B3ILYvN!U�IOE^G�I£�DSDEdU�ILz`q�TMU�I£�
z�N�\^�!ILU�CFE^c!PWG�z�GJEd\^\&G�P�EdV��tGJP�TpG�GJP�ION�\dK � �7E^z�GJP�IO_LN!U�U�I`_LG�N�V�I���¯�N�U�I��DT�CeS�\dIpqbz�@DS�S'N�z�IeT
��Z�� ��� z�G�N!U�ILzOTgS�@DB�\dE^_���I�l2B3I`\^N!V�c!E^V�cjG�N�Tg@�z�I`U � q5T�V�K2G�P�I#_LN!U�U�I`z�S3N!V�KDEdV�c¢?�� � E^z
c!ILV�I`U�TpGJILKgTpG�GJEdCeI�����T�VDKt�XE^\d\'I��AS�EdU�I�TpG�G�EdCeI������ ��G$GJE^CFI�����q � z�@�z�S'IL_LGJzXGJP�TpGXP�Edz !pP�ILU
S�U�E^�pTpGJIO�pILl�Edz�_LN!CeS�U�N!CeEdz�I`K¢T�VDK�z�I`V�K�z�T�V�@�S'K�TpGJI�U�ILxy@�I`z�G{G�NnG�P�I��`N!V�IFT�K�CeEdVDEdz�G�UJTpG�N!U
GJN�@�S3K0TpG�I�GJP�I���Z�� ���+TpV�Kj?A� � �����0?�@�S�S3N!z�I�GJP�I�@�S3K0TpG�I�Edz$z�@�_`_LI`z�z�Yv@�\�� � Edz$U�Edc!PWGaqDT
P0T�_��pI`U � z�GJN!\^I � � z�SDU�E^�pTpG�I��pILl�T�G�GJE^CFI	��
W� � IOTp\dz�N���I`ILS�z�GJPDI�N!\dK���Z�������T�V�K�?A� �
� �R� ~ P�I`V � _aT�Vt@�z�I�GJP�I�CeILG�P�NAKtz�P�N��XVjE^Vt¯[Edc!@DU�I�ª ��m�N!UX¯[E^c!@�U�I�ª���ªRGJN�U�ILS�\uTal�G�P�I�N!\^K
��Z�� ��� T�V�K ?A� � � � �XPDI`V TkU�I`z�N!\^��I`UeT�z���z�YvN�U � � z�S�@�B�\^Ed_��pILl�� ~ P�EdzO_`T�V¤YvNAN�\(GJPDI
U�ILz�N!\H�!ILUXT�V�KMCFT���I � � z�@DS'K0T�GJI�EdVDIL©'I`_LG�E^��I�@�VWGJE^\����L� � _`T�VMI`V ��N�lFGJP�I�z�GJN!\^I`VMS�U�E^�pTpGJI¬��I�l
YvU�N�C���
{GJN���yq0IL��I`VjG�P�N!@�c�P � CFTalMV�N�G�Ed_`I�TpV�KnG�U�lFGJNez�GJN�SjEHGa�

S ����� � � �0.��[%+12%3"�|R���[/¥�

~ P�IMQ���?�z�I`_`@DU�E^G-l�I���G�I`V�z�EdN!V¤z�GJEd\^\]@�z�ILz�GJP�IFz�E^CFS�\^I�U�I`SD\dEd_`Tjz�_�P�I`CeI�YvN!U{�`N!V�IeGJU�T�V�z�YvILU�zL�
~ P�I�U�I`\dTpGJE^N!V{B3ILG-�(I`ILV�T�S�U�EdCFT�U�l�V�T�CFI�z�ILU���I`U]T�V�K�z�I`_LN!V�K0TpU�l{V0T�CeI(z�I`U���I`U�z¦Edz��!I`U�l�\^NAN!z�I��
��V�\^l�G�P�I�SDU�EdCFT�U�l�z�ILU��!ILU�EdzREdVW��N!\^��I`K2E^V2T�V ���Xz�@�S3K0TpG�IeG�UJT�VDzJT�_�GJEdN�Vb� ~ P�I�z�I`_`N�V�K0T�U�l
V0T�CeI#z�I`U���I`U�ze�yV�N�� V�N�G�P�EdV�c¢TpB'N!@AG�GJPDIM@�S'K�TpGJIM@�VWG�Ed\(G�P�I#V�I£��G��`N!V�I#G�UJT�VDz�YvI`UL���(ILYvN!U�I
GJP�TpGaq�GJP�I�z�I`_LN!V�K0T�U�lMV0T�CeI�z�I`U��!I`U�zXC�TalFU�ILG�@�U�VMz�G�T�\^I � �hzL�]¯�@DU�GJPDI`U�CeN!U�I�q�E^Y«GJPDI�S�U�E^C�TpU�l
V0T�CeI�z�I`U��!I`U�_LUJT�z�P�I`z�T�V�K�\dN�z�I`z¬E^G�z�z�GJTpGJIpq'G�P�I�V�I��X\^ln@�S3K0TpGJILK ���Xz¬�XE^\d\�B3I�\dN!z�G¬YvN�U�IL��I`ULq
z�E^V�_`I#G�P�IMz�IL_`N!VDK0T�U�l�V0T�CeI#z�ILU���I`U�zeK�N�V�NpGOP0Ta�!IMGJPDEdz�E^VDYvN!U�CFTpG�EdN!V¢l!I�Ga� ��G�G�T�_��pI`U�zF_`T�V
G�Tp��IRT�KD�pT�VWG�Tpc!I�N�Y&G�P�Edz$SDU�N�G�NA_LN!\,�(IaT��yV�ILz�z�G�NeCeN!@�VWGXz�N!CFIRTpG�G�T�_��yzL�

ª=4



� � ��� ��	 � �

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

� ���
	 � � ��� � � �

� �	� � /'�$#�/��"���

�-V{G�P�Edz�_�P0TpSDGJILU`q��(I��XE^\d\!w0U�z�G[T�V0T�\Hl��`I]�XP0TpG�GJP�I�EdVWGJU�EdV�z�Ed_¦z�I`_`@DU�E^G-lRS�U�N!B�\^I`Cez�NpYDGJPDI(_L@�U�U�I`VWG
Q���?eT�U�Ip�]�¬I£�AG(��Ih�XEd\^\0K�I`z�_`U�E^B'IhGJP�I¬K�I`z�Edc!VFc!NWT�\�N�Y,GJP�I¬V�IL� Q���?eS�U�N�GJN�_`N!\0�(I�S�U�N!S3N!z�Ip�
�¬Y G�I`U�G�P0TpG`qbT�U�I`_`ILVWGJ\^lW��EdVW�!ILVyG�I`K�S�UJTp_LGJE^_aT�\&�(l��aTpVyG�EdV�I�¯�T�@D\^G ~ N!\^I`U�T�VWG�T�\^c!N!U�EHGJP�C �XEd\d\�B3I
EdVWG�U�N�K�@�_`ILKbq'YvN�\d\dN��(I`KkBWlgT�V�I�� Q���?jz�l�z�GJI`C CFN�K�I`\�T�VDK�z�N!CeI�K�I�G�T�E^\&U�IaT�KkT�V�K�@�S3K0TpG�I
z�_�PDI`CeI`z`�(¯[E^V0T�\d\Hl���I��XEd\^\,K�E^z�_`@Dz�zX��Tal�z¬NpY5TpG�G�T�_��yE^V�cOGJN�GJP�I�V�I��=Q���?3�

� ��� � ���j#(�������"4 - #  �
v�"�<* � � ����) ��)�� � ��# #������ 5 6 2

��zX�(I�P0Ta�!I{K�Edz�_`@�z�z�ILK�EdVtGJP�IR\uT�z�Gh_�P0T�SDG�I`U`q3GJP�IR_`@DU�U�ILVWG�Q���?MS�U�N ��E^K�I`z¬V�N�z�I`_`@DU�E^G-l�q,TpV�K
GJPDI�Q���?�z�I`_`@DU�E^G-lRI£�AG�I`V�z�EdN!V{Edz�V�N�G�z�I`_`@DU�I�ILV�N!@�c�Pbq�ILz�S3I`_`EdT�\d\Hl�YvN!U�KDl�V0T�CeEd_]@�S3K0TpG�I`zL� ~ P�E^z
Edz�B3I`_`T�@�z�I�Q���?�P0T�z�z�N!CeI(E^VWGJU�E^V�z�E^_¦S�U�N�B�\dILCFzL� ~ P�I�N!U�Edc!E^V0T�\!K�ILz�E^c!V�I`U�z&NpY�Q���?�z�E^CFS�\Hl�K�E^K
V�N�GXI£�AS'IL_LGhGJP�IRQ���?�G�NeB3I�GJPDIRB�T�z�E^z$N�Y&G�P�I��-VWGJI`U�V�ILG ��V�N!U$K�E^KtG�P�ILl#I��AS'IL_LGhGJP�I��-VWGJILU�V�I�G
GJNOI��!N!\H�!I�z�NOY�T�z�Gaq�z�NOGJP�I�l#K�E^KnVDN�G�G�Tp��I�z�IL_`@�U�E^G-l#E^z�z�@�I`zXEdVWG�NOz�I`U�EdN!@Dz$_`N!V�z�EdK�ILUJTpG�EdN!V#�XPDI`V
GJPDILlMK�ILz�E^c!V�I`KMG�P�I�S�U�NpGJN�_`N!\ � ~ P�I�z�IL_`@�U�E^G-lMI£�AG�I`V�z�EdN!VnT�\^z�NOE^V�P�I`U�E^G�z�z�N!CeI�S�U�N!B�\dILCFz(YvU�N!C
E^G�zhT�V�_`ILz�G�N!U`����I`\^N �+T�U�I�z�N!CFI�Yv@�VDK0T�CeI`VWG�T�\�U�IaT�z�N!V�zXGJP0TpGh_`T�@�z�I�GJPDI{_L@�U�U�I`VWG�Q���?'q0IL��I`V
�XE^G�PMGJP�I�z�IL_`@�U�E^G-ltI£�AG�I`V�z�EdN!V,q�GJNeV�N�GXB3IRz�I`_L@�U�IRI`V�N�@�c!Pb�

ª +



��� ���
	 � 	(9	� " &g)+����.��5������9�	¦����"$�

�-V�GJP�Ig_`@�U�U�I`VWGjQ���?3q(GJPDI`U�I�E^z�V�N¡Tp@DGJP�ILVWGJEd_`TpGJE^N!V�CeILGJPDNAKb�=��GtE^z�_L\dIaTpU�\^l�GJPDIkB�Edc�c!I`z�G
z�IL_`@�U�E^G-l�P�N!\^IFNpYXQ���?'� # IFz�P�N!@�\^K�V�NpG�B�\dT�CeI�G�P�I�N�U�Edc�EdV0T�\5Q���?�KDI`z�E^c!V�ILU�z`� ~ P�I�l�P�T�K
c!N�NAKMU�IaT�z�N!VjTpGXGJP�I�GJE^CFI�Q���?���Tpz¬S�U�N!S3N!z�ILK ��r m�l�IaT�U�z�T�c�N 
�
r!�¬f�N!CeS�@DG�I`U�zb��ILU�I¦GJN�N$z�\^N ��GJN$@Dz�I]S�@�B�\^Ed_£�-S�U�E^�pTpGJI&��I�l�I`V�_LU�l�SDG�EdN!VRT�\^c!N!U�EHGJP�Cez � °]° ��
£�
~ NAK�T�l�� z(_LN!CeS�@DGJILU�z(T�U�IhTpG]\^IaT�z�Ghr��=��GJE^CFILz]Y�Tpz�GJILU`qyB�@DG�@�z�EdV�cR°]° �+z�GJE^\d\�G�T��pI�T�_`N!V��
z�EdK�ILUJT�B�\^I�T�CeN!@�VWGXN�Y�GJEdCeI��

mA�h�hN�U�N�l!T�\^G-lW��YvU�I`I¬S�UJT�_�GJE^_aT�\0°]° � T�\dc!N�U�E^G�P�Cez5��ILU�I�Ta�pT�E^\uT�B�\^I �WI��!I`V#G�NAK�T�l�CeN!z�G�c!N�N�K
°]° ��z�_LN!\d\^I`_�G¦U�N�lWTp\^G-l!� ~ P�IXS0TpGJILVWG]N!VOGJP�IXCeN!z�G¦S3N!S�@D\uT�U �¬? ��°]° �}T�\^c!N!U�E^GJPDC �XE^\d\
I£�DSDEdU�I�E^Vg?�I`SDG�I`C�B3I`U¬m��=���D�

ªD� ~ P�IeT�BDz�I`VD_`IeN�Y�z�I`U�EdN!@�z�TpV�K¢C�T�\^Ed_LEdN!@�z¬P0T�_��pI`U�zL� ��GRG�P0TpG�G�EdCeI�q,G�P�IO�-VWGJI`U�V�ILGR��T�z
N!VD\^l#@Dz�I`KtYvN!U$U�I`z�I`T�U�_�PjS�@�U�S'N!z�I`z¬T�V�KM��T�zXN!V�\^l#Ta��TpEd\uTpB�\dI¬EdVMz�N�CFI�B�E^cO@�V�E^��I`U�z�E^G�EdILz
T�VDK B�E^c�_LN!CFSD@DGJILU�_`N�CFS0TpV�EdILz`���-V�_LN!VWGJU�T�z�G`q�GJN�K0Tal¤GJP�Ij�-VyG�I`U�V�ILG�Edz�GJP�InB�Edc�c!I`z�G
S3N�GJILVWGJEuTp\b_`N!CeCeI`U�_LEuT�\'S�\uT�G�YvN!U�C�T�VDKjE^zXT��pT�E^\uT�BD\dI�I��!ILU�ly�XP�I`U�I��

?AI`_L@�U�I#Q���?�S�TpGJ_�P�ILz�GJPDI�P�N!\^I�q&B�@DG{V�N�G�_LN!CeS�\dI�GJI`\Hl!� ~ PDI`U�I�EdzRV�NgS3I`U��-xy@�I`U�lW�-B0T�z�I`K
T�@DG�P�I`VWG�Ed_aT�GJEdN�Vbq�z�NOG�P�I�U�I`z�N!\^��I`Uh_aT�Vnz�G�Ed\^\,B3I�YvN�N!\^I`KMBWlMU�ILS�\uTal�EdVDcez�G�T�\^I�K0TpGJTD�

��� ����� < " X¤"$���0�����0�5��9b X¤"$���0%3"$�

~ P�I�_`@DU�U�ILVWG�Q���?k��T�z�IL��N!\^��I`K�YvU�N!C GJP�I�N!\^K � � � � � � � � w�\dI�T�S�SDU�NWT�_�P,�O�-V�G�P�IOIaT�U�\^l
K0Tal�z`q,G�P�I�Q���?jz�ILU���Ed_LI���T�z�S�U�N ��E^K�I`K�BWljS�@DG�G�EdV�cFEdVDYvN�U�CFTpGJE^N!VnT�B'N�@DG�I��!I`U�lkP�N�z�G�E^VgGJPDI
�-VWGJILU�V�I�G�E^VyG�NtTnz�EdCeS�\dIRw0\dIpq � ��? ~ ?'� ~ ! ~ q«�XP�E^_�P���T�zR_`I`VWG�UJT�\^\^lkCFT�E^VyGJT�EdVDI`KkN!V�TtP�N!z�G
TpGOG�P�Ij? �h���¬I�G-��N!U��¤�-VDYvN!U�C�TpG�EdN!V¤f�I`VWGJILU ��? �h���-�¬��f 
OT�V�K�K�E^z�GJU�EdB�@AGJI`K¤G�N�Tp\d\�PDN!z�G�zFE^V
GJPDIk�-VWGJI`U�V�ILG��AEdT�K�E^U�I`_�GMT�VDK�EdV�KDEdU�IL_LGew0\dInGJU�T�V�z�YvILU`� �¬\^G�P�N!@�c!P Q���? E^z#T�KDCFE^V�Edz�GJUJT�GJI`K
P�E^I`UJTpU�_�P�E^_aT�\^\^l�V�N���q�GJP�ItILz�z�ILVWGJEuTp\h��Tal¤GJN�S�U�N!S�T�cWTpG�ItG�P�ItV�IL�¥K0TpG�T¢P0T�zeV�N�Ge_�P0TpV�c!I`K,�
~ P�ILU�I�E^zXz�GJE^\d\«V�Ne_`N�V�z�E^z�GJILV�_Llj_`N�VyG�U�N!\�T�CeN!V�cOG�P�I{SDU�EdCFT�U�ltT�V�Knz�IL_`N!V�K�T�U�E^I`z`� ~ PDI�z�GJTpGJILz
N�Y'GJP�I¬S�U�E^C�T�U�l�z�I`U���I`U��XE^\d\�KDE^�!ILU�c!IXYvU�N�C;GJP�N!z�I¬NpYbGJP�Ihz�IL_`N!VDK0T�U�lez�I`U���I`U�z$TpY GJILU�TpV�@�S3K0TpG�I
T�V�K�B3ILYvN!U�I�G�P�IeV�I���G{�`N!V�IOG�UJT�V�z�YvI`UL� ��z��(IFCeI`VWG�EdN!V�ILK�E^V�GJP�Ie\uT�z�G�_�P0T�SDG�I`ULq&z�I`_`N�V�K0T�U�l
z�ILU���I`U�z5�XE^\d\yT�\^CFN�z�G&T�\^��Tal�z[_`N�VyGJT�EdV{z�N!CeI�z�G�Tp\dI�K0TpG�TAq�I`z�S'IL_`EdT�\d\Hl�EdV�PDEdc!P�\Hl�KDl�V0T�CeEd_��`N�V�I`zL�

��� ���TS X¤�[�$��%'	(�������[6 8 �[%�4���9�� V�<7" 8 �����$���;<7"�6��;��	(�R�-�* #"$���[%3	����

~ P�IhS�U�N�B�\dILC P0T�z]I£�DE^z�G�I`K�z�EdV�_LI$GJP�IXB�E^U�GJP�N�YbQ���?'q!T�V�KeEdz]V�N�G¦G�N�G�T�\^\^l{z�N!\H�!ILKFBWlOGJPDI¬Q���?
z�IL_`@�U�E^G-l¢I£�AG�I`V�z�EdN!V,� �¬\^GJPDN!@�c!P�GJPDI`U�IeT�U�I�z�IL��I`U�T�\(V�T�CFIOz�I`U��!I`U�z�E^V�N�V�I��`N!V�Ipq[TMU�I`z�N�\^�!ILU

ª=2



GJU�IaTpG�z�GJP�ILC z�I`S�T�UJTpG�I`\Hl!�e��GR�XE^\d\5_LN!VWG�T�_�G�Ttz�IL_`N!VDK�z�ILU���I`U�N�V�\^lgE^Y�GJP�I�w0U�z�GRN!V�IeEdz�K�N��XV
N!U�G�P�I�U�ILxy@�I`z�G$GJEdCeI`z�N!@DGa��?�NON!V�I�_LN!CFSDU�N!CeEdz�I`K#z�I`U���I`UXEdz�I`V�N!@Dc!PMGJN�_�P�I`TpGXGJP�I�U�I`z�N!\^��I`UL�
�-V¢GJP�IFQ���?kz�IL_`@�U�E^G-l¢I£�AG�I`V�z�EdN!V,q&GJPDEdV�c!z�TpU�I�B'I�G�G�I`U`� � U�ILz�N!\H�!I`U��XEd\^\5T�_L_`ILSDG�TtU�ILS�\uTal�I`K
EdVAYvN!U�CFTpGJE^N!V¡EdV�GJP�Ig�(N!U�z�G#_`T�z�Ip�=��@DG�GJP�Ij@�S'K�TpGJE^V�c�S�U�NA_LI`z�z#EdV�T�z�IL_`@�U�I��`N!V�IgEdzez�GJE^\d\
_`ILVWGJUJTp\dEd�LI`KME^V�GJP�I�SDU�EdCFT�U�l!�¦?�N�GJP�I�U�I`z�@D\^G$N�Y�T�SDU�EdCFT�U�lFz�I`U��!I`U$Y�T�@D\^G(C�TalFB'I�K�E^zJT�z�GJU�N!@�z`q
I`EHGJP�ILU�\dI`T��yEdV�ceGJP�IOSDU�E^�pTpG�I��pILl!qbG�P�I`U�ILYvN!U�I�_`N�CFS�U�N!CeEdz�E^V�c�GJP�I��XP�N�\dI��LN!V�Ipq«N!U�\^N!z�E^V�c�GJPDI
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T�U�Ih_LN!V�z�Edz�G�I`VWGa� ~ Py@�zLqA�XP�ILV�IL��I`U�T�VF@DS'K0T�GJIXU�ILx�@DI`z�G�Edz]U�IL_`ILE^�!ILK�BWleT�z�I`U��!ILU`qAG�P�Edz¦U�I`xy@�ILz�G
z�PDN!@�\dKRB3I�SDU�N!S0TpcWTpGJILKRG�N�Tp\d\!N�G�P�I`U�z�I`U���I`U�z`�¦igN�U�I�EdCeS'N!U�G�T�VWG�\^l!q�VDN!VA��Y�Tp@�\^G-l�z�I`U��!ILU�z[z�P�N!@�\^K
G�Tp��I�G�P�I�z�T�CFI�T�_LG�EdN!VFEdV#U�I`z�S'N!VDz�I�G�N�GJP�I¬@�S3K0TpGJI�U�I`xy@�ILz�G`qDGJP0T�G�EdzLqDTp\d\�V�N�K�I`z(I��AI`_L@DGJI�GJPDI
zJTpCFI(@�S'K�TpGJI�N�S'ILUJTpG�EdN!V�z�EdV{GJP�I(zJT�CeI�N!U�K�I`ULq!E^YDGJP�I�U�I`xy@�ILz�G]Edz��pT�\dE^K�T�VDK�T�@DGJPDN!U�E^�`I`K,q�N!U[T�\d\
V�N�K�I`z¬U�I ��I`_LG¬GJP�I{U�ILx�@DI`z�G`����IL_aT�@Dz�I�N�Y[GJP�IRI��AEdz�GJILV�_`I�NpY5Y�T�@�\HG-ltz�I`U��!ILU�z`q,z�N!CeI�V�N�VA��Y�T�@D\^G-l
z�ILU���I`U�z�C�Tal�_`N�VyGJT�EdVFz�GJT�\dIhK0TpGJT�G�I`CeS'N!U�T�U�E^\^l�� ~ P�I¬B'NpG�GJN�C \dEdVDIhE^z�G�P0TpG(T{U�I`z�N!\^��I`U�z�P�N!@�\^K
V�N�G�B3IM_`N�VDYv@�z�ILK BWl�K�E^©'I`U�I`VWGeT�V�z���ILU�zFT�V�K¡z�P�N�@�\dK¡T�\H��Tal�z�B'ItTpB�\dI�G�N�c!ILGOG�P�IMV�I���ILz�G
K0TpGJTD�
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~ P�I$V�I�� z�l�z�GJILC;C�@�z�G¦S�U�N ��E^K�I$z�ILU���Ed_LI��XE^GJP�P�Edc!POU�I`\^EuT�B�E^\dEHG-l�T�V�K�Ta�pT�E^\uT�B�E^\dEHG-l!� �XI`\dEdT�B�E^\dE^G-l
Edz{TpG�G�T�E^V�I`K�BWl�ILV�z�@DU�EdVDcjGJP�TpG{G�P�IeEdVDYvN!U�C�T�GJEdN�V�EdV¢GJP�IFz�l�z�G�I`C Edz�V�N�G{\dN!z�GRN!U{_LN!U�U�@�SDG�I`K
�XP�ILV z�N�CFItV�N�K�I`zOY�T�E^\�� �XI`\^EuT�BDEd\dEHG-l�T�\dz�N¢c!@0T�U�T�VWGJI`ILzeG�P0TpG�GJPDInI�©,IL_LG�zFN�Y�T�V�N!S3I`UJT�GJEdN�V
I��AIL_`@DG�I`K#N!Vez�N�CFI$K0T�G�TRT�U�I$��Edz�EdB�\^I�GJN{T�\d\�GJP�N�z�IXGJP0TpG�Tp_`_`ILz�z�GJP�IXK0TpGJT�TpY GJILU]G�P�IXN!S3I`UJT�GJEdN�V
P0T�z]_LN!CFSD\dILG�I`KeU�ILcWT�U�KD\dI`z�z]N�Y«T�VWl�Y�TpEd\d@DU�I�G�P0TpG�CFE^c!PWG¦G�T��pIXS�\uT�_LI��
�h�pT�Ed\dT�B�Ed\^E^G-l�E^z(T�G�G�TpEdV�ILK
BWl�I`V�z�@�U�E^V�cXGJP0TpG`qpE^VRT�K�K�EHGJEdN�V�G�NXU�I`\^EuT�BDEd\dEHG-l!q`G�P�I]K0TpGJT¬T�U�I�T�\^��TalAz&T�_L_`I`z�z�E^B�\dI¦�XP�ILV�V�ILI`K�ILKbq
IL��I`VjEdVMGJP�I�S�U�I`z�I`V�_LI�N�Y&z�N!CeI�V�N�K�I�Y�T�Ed\^@�U�ILz`�
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~ P�I�VDIL� z�l�z�G�I`C C�@�z�G¦B3I�TpB�\dI�GJN�G�N!\dILUJTpG�I��%(��� � �&� ��� # ��� �  � � ! � ®�?A° 2Wm � �5igN�z�G5Y�T�@D\^G�GJN!\^I`U��
T�VWG�z�l�z�G�I`Cez[c!ILV�I`U�T�\d\Hl�_`T�V�N!VD\^l�G�N!\dILUJT�VWG # ��� � � ! � �#� # ��� �  � � ! � ?A_�P0s�����q �XP�Ed_�P�T�U�I]E^VyG�I`V�KDI`K{G�N
CeNAK�IL\�@�V�S�U�I`K�E^_LG�TpB�\dIhS�U�N�_`ILz�z�N!U�_`U�T�z�PDI`z`��¯�T�E^\H�-z�GJN!SOY�T�@D\^G]GJN!\^I`U�T�V�_`IhEdz�V�N�G�z�G�U�N!V�c�I`V�N!@Dc!P
YvN!U5G�P�I�Q���?�B'IL_aT�@�z�I�CFT�\dE^_`E^N!@�z&TpG�GJT�_��yz�T�U�IXB'IL_`N!CeEdV�c�E^V�_`U�IaT�z�EdV�c!\Hl�_LN!CeCFN!V,� ~ P�E^z��yE^V�K
N�Y�TpG�G�T�_��e_aTpVM_aT�@�z�I�Y�T�@�\HG-lFVDNAK�ILz�GJN�I£�AP�EdB�EHG$T�U�B�E^G�UJT�U�l�B'ILP0Ta��EdN!U�z`qD�XP�E^_�PtT�U�I¬Y�T�U�B3ILl�N!V�K
GJPDI�Y�T�Ed\ �-z�GJN!S�Y�T�Ed\^@�U�IeCFN�K�IL\�� ~ P�It�(l��`T�VWGJEdVDI�Y�T�Ed\^@�U�IeCeNAK�IL\�E^z�EdVWG�I`V�K�ILK¤GJN�CeNAK�IL\�TpVyl
T�U�B�E^G�UJT�U�l�G-lAS3I�NpYXS�U�N�_`ILz�z�N�U�CFT�\^Yv@�VD_LGJE^N!Vb�M��G�C�T��pI`z{V�N�T�z�z�@�CeSDGJE^N!V�zRN!V�G�P�I�B3I`P0Ta��EdN�U
N�YhY�T�@�\HG-l�_LN!CFS3N!V�ILVWGJz`��?�N�EHGOEdz�G�P�IMz�G�U�N!VDc!I`z�GeY�TpEd\d@DU�I�CeN�K�I`\ ����Y�T�Q���?�_aT�V¡GJN�\dI`U�TpGJI
�(l��aTpVyG�EdV�I¬Y�T�Ed\^@�U�ILz`qyE^G��XEd\^\0B'I�T�P0T�_��pI`U���GJN!\^I`U�T�VWG�z�l�z�GJI`CnqDE � Ip�^q�E^G��XEd\^\�_`N!VWGJE^Vy@�I¬G�N�S�U�N���EdKDI
_`N�U�U�IL_LGhz�ILU���Ed_LI{I��!ILVj�XP�ILVgz�N�CFI�N�Y&E^G�z$_`N!CeS3N!V�I`VWG�z¬TpU�I�_`N!VWG�U�N!\^\dI`KMBWlnT�VnTpG�G�T�_��pI`UL�
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~ P�I�S3I`U�YvN�U�CFT�V�_`I�N�Y]GJP�IOV�I��;z�lAz�GJILC z�P�N!@D\dK�V�N�G�KDI`c!U�T�K�I�GJN�NMC�@�_�P¢B3I`_`T�@�z�I�N�Y�E^VyG�U�Np�
K�@�_LEdV�c�GJP�IgT�B'N���IkV�IL� c!N�N�K S�U�N!S'ILU�G�EdI`zL� ��V�IkKDI`z�E^c!V�S�PDEd\dN�z�N!S�PWl¡E^zFGJN�K�I`_LU�IaTpz�IkGJPDI
�(N!U��y\dN!T�KjE^VnG�P�IRz�I`U��!ILU�z�E^K�IRT�z¬C�@�_�P�T�zXS3N!z�z�EdB�\^I�� ��U�ILz�N!\H�!ILU¬CFTaltz�I`VDK�TeU�I`xy@�ILz�G�N�V�\^l
N!V�_LIXEdVeT��XP�Ed\^I�qWB�@DG(T�z�ILU���I`U�C�Tal�P�T���IhG�N�P0T�V�K�\^I$GJP�N!@DzJT�V�KDz�NpY,U�I`xy@�I`z�GJz(N!U¦CFN�U�I$EdV�N!VDI
CeEdVy@DGJIp� ~ P�ILU�ILYvN�U�I�q�EdV¢z�N!CFIO_`T�z�ILz`q���IeCFT�lgP0Ta�!I�GJNMGJU�T�K�I�G�P�I�S'ILU�YvN!U�C�T�VD_`ION�Y(_`\^EdI`VWG�z
YvN!U�G�P�I�S'ILU�YvN!U�C�T�VD_`I�N�Y&z�ILU��!ILU�zL�
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~ P�ILU�I�E^z�Te\dN�GhN�Y[��N!U��tN!VkT�c�U�I`ILCFILVWG�T�VDKgU�ILS�\dE^_aTpG�EdN!VMG�I`_�P�V�E^xy@�I`z�G�P0TpGhGJN!\^I`U�TpGJI{�(l��aT�V��
GJE^V�I�Y�T�@�\HGJz�� ��iks=2Dq�f �hsWmAq �hILEus=4�q���iki�?Ds=2�� � � N �(IL��I`ULq[CeN!z�G�N�Y�GJPDI`C ILE^GJPDI`U�_`N�V�_`ILU�V
GJIL_�P�V�E^x�@DI`z�G�P0TpGR��ILU�I#K�ILz�E^c!V�I`K�GJNgKDI`CeN!V�z�G�UJTpG�IFG�P�I`N!U�ILG�Ed_aTp\]YvI`T�z�E^B�Ed\^E^G-l�q&TpV�K��XP�E^_�P¤T�U�I
GJN�NgE^V�I��e_LEdI`VWG�G�NkB3I�@�z�I`K¤EdV�S�UJT�_�GJE^_`I�q[N!U�T�z�z�@�CeI#Tjz�l�V�_�P�U�N!V�N!@�z�z�lAz�GJILC CeNAK�IL\��"��z��
z�@DCFE^V�c�TRz�l�V�_�P�U�N!V�N!@Dz�z�l�z�G�I`C CFN�K�IL\0CFI`T�V�z]GJP0TpG�GJPDI�T�\^c!N!U�EHGJP�Cez¦T�U�I¬U�I`\HlAE^V�cRN!V��yV�N��XV
B3N!@�V�K�z$N�VMCFILz�zJTpc!I�K�I`\dTalAzXTpV�KtS�U�N�_`ILz�z$z�S3I`ILK�z$GJNOK�I�GJILU�CeEdV�I��XP�E^_�PMU�ILS�\dE^_aT�z$TpU�I�Y�T�@D\^G-l!�
� N��(IL��I`U`q�T{z�\dN��*U�I`S�\^Ed_aTRC�TaleB3I�CeEdz�_L\uT�z�z�EHw0I`K�T�z�Y�T�@�\HG-l�EdV�G�P�I`z�I�T�\^c!N!U�EHGJP�Cez`�[?AE^V�_`I¬_`N!U��
U�IL_LG�V�I`z�z�U�ILxy@�EdU�I`z�I`V�N!@Dc!PFU�I`S�\^Ed_`T�z5GJN�B3IhVDN!VA��Y�Tp@�\^G-l�qyTRCeEdz�_`\uTpz�z�EHw0_aT�GJEdN�V�_aT�Ve_`N�CFS�U�N!CeEdz�I
_`N�U�U�IL_LG�V�I`z�z(BWl�U�ILCFN���EdVDc�T�VDN!VA��Y�Tp@�\^G-l{U�ILS�\dE^_aT�YvU�N�C7GJPDIhc�U�N!@�S,� ~ P�Edz¦N�S'ILV�z�T�VeT���I`Vy@�IhN�Y
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EdN�U�EdV�T�VWl�K�I�GJIL_LG�TpB�\dIO��T�l ��GJP�ILV�P�I !pz�P�I�z�\dN��Xz�_`N!U�U�I`_�G�U�I`S�\^Ed_`T�z�N!U�G�P�I�_`N!CeC�@�V�E^_aTpG�EdN!V
B3ILG-�(I`I`VjGJP�ILC¥@�VWGJE^\bI`V�N�@�c!PnN�Y&G�P�I`C TpU�I�I��A_L\d@�K�ILKjYvU�N!C G�P�I�c!U�N!@DSb�

� �(l��aT�VWGJE^V�I���Y�T�@�\HG-ly��GJN!\^I`U�T�VWG�T�\dc�N!U�EHGJP�C YvN!U�G�P�InT�z�l�V�_�P�U�N!V�N!@DzFz�lAz�GJILC CeN�K�I`\(K�NAILz
V�N�G�C�Tp��I#TpVyl�T�z�z�@�CeSDGJE^N!V2N!V�GJP�I#CeI`z�zJT�c�I#K�I`\dTalAz�T�V�K¤S�U�NA_LI`z�z�z�S3I`ILK�z`q]z�N�EHG�E^z�CeN!U�I
S�U�T�_LG�Ed_aTp\[T�VDKkz�IL_`@�U�I�EdVgG�P�I�U�IaT�\��(N!U�\^Kb� ~ P�E^z�E^z¬�XP0TpG�T#�(l��aTpVyG�EdV�I£��Y�T�@D\^G���GJN!\^I`U�T�VWG�Q���?
z�l�z�GJI`C
VDI`I`KDz`q0YvN!U�GJPDI��-VyG�I`U�V�ILG¬Edz$P�E^c!P�\Hl#T�z�l�V�_�P�U�N�V�N!@�zL����@AG$GJP�E^z$��E^V�KtN�Y[T�\dc!N�U�E^G�P�Cez(E^z
�!ILU�l�K�E �e_`@�\HG5GJN�K�ILz�Edc�Vb� �¬_LGJ@�T�\d\Hl{G�P�IXN!V�\^l�S�UJTp_LGJE^_aT�\AN!V�IhTa�pT�Ed\dT�B�\dI�V�N���E^z5GJP�IXTp\dc!N!U�E^G�P�C
� f�®�s�s!TDq�f�®�s!s�B �bEdVW�!ILVyG�I`KjBylni��3f�T�z�G�U�NFT�V�Kn����®«Edz���N��tTpG¬ig� ~ �

���������  ¡.�� 8 ��A���5/ � "�6��5�e" & X � � �j )+����"�%,�-��.�/

i�� f�Tpz�GJU�NhT�V�KR����®«Edz���N���� z�V�I��2S�U�T�_LG�Ed_`T�\!�(l��`T�VWGJEdVDI���Y�Tp@�\^G���GJN�\dI`U�T�VWGbTp\dc!N!U�E^G�P�CjqLN!U�f�®���¯ ~ q
T�z�z�@�CeI`z[T�V�T�z�l�V�_�P�U�N�V�N!@�z5KDEdz�G�U�E^B�@DGJILK�z�lAz�GJILC��XP�ILU�I�VDNAK�ILz[TpU�I�_`N!V�VDI`_LG�I`KOBWl{T¬V�I�G-��N�U����
~ P�I(V�ILG-�(N!U��RCFT�l�Y�TpEd\!GJN¬K�I`\^E^��I`U�CFILz�zJTpc!I`zLq!K�I`\dTal�GJP�ILCjqpK�@�S�\^Ed_aT�GJI]GJP�ILCjq�N!U�K�I`\^E^�!ILU�G�P�I`C
N!@DGXNpY5N!U�K�I`UL�

f�®���¯ ~ @Dz�I`zhTO�(l��`T�VWGJEdVDI�Y�TpEd\d@DU�I�CeN�K�I`\ qAE � Ip�^qDY�Tp@�\^G-lFV�N�K�I`zXCFT�lFB3I`P0Ta�!I{T�U�B�E^G�UJT�U�Ed\^l�q
z�@DB ��I`_�G�N!VD\^l�G�NeG-�(NeU�I`z�GJU�Ed_LG�EdN!VDz`
r!�h�hNAK�I#Y�TpEd\d@DU�I`z�T�U�IME^V�K�I`S3I`VDK�I`VWGaq(E�� I��Hq�T¢VDNAK�I#Y�TpEd\d@DU�I#K�N�I`zOVDN�G�V�I`_LI`z�zJT�U�Ed\^l2_aT�@�z�I
N�G�P�I`UXV�N�K�I�Y�T�E^\d@�U�I`zL�

mA�h¯�T�@�\HG-l�V�N�K�ILzjTpU�I¢z�G�Ed\d\¬_`N!CeS�@DGJTpGJE^N!V0T�\^\^l¡B3N!@�V�K z�N¡GJP�TpGMGJP�I�l*K�N¡V�N�GnP0Ta�!I¢GJPDI
_LN!CFSD@DG�TpG�EdN!VMS3N���ILU$GJNez�@�BW�!ILU�GhGJP�I�_LU�l�SDGJN�c!UJT�SDP�Ed_�GJIL_�P�V�E^x�@DI`zhCFILVyG�EdN!VDI`KnB'IL\dN����

f�®���¯ ~ @�z�I`z$_`U�l�SDGJN!c�UJT�S�PDEd_XGJI`_�PDV�Edxy@�ILz�GJN�SDU�IL��I`VWGXz�S3N�N�w0V�c�T�V�K#U�I`S�\dT�l�z�T�V�K�G�N�K�I£�
GJIL_LG$_LN!U�U�@�SDG�I`KMCeI`z�z�T�c!ILz`��igI`z�zJT�c�I`z$EdV#f�®���¯ ~ _`N!VWGJT�EdV#SD@�B�\dE^_�����ILlFz�E^c!V0TpG�@�U�ILz � ��? �9+�2Dq
�¬? �9+�s ��q!CeI`z�zJT�c�I$T�@DG�P�I`VWGJE^_aTpG�EdN!V�_`N�K�I`z � �hEH�AsWm � qyT�V�KOCeI`z�zJT�c!I�K�Edc!ILz�G�z � ~ z�@0s=2��DS�U�N�K�@�_LI`K
BWl#_LN!\d\^Edz�E^N!VA��U�I`z�Edz�G�T�VWG]P0T�z�P#Yv@�V�_�GJEdN�V�z`� �¬\d\3U�I`SD\dEd_`T�z��yV�N�� GJP�I�S�@�B�\^Ed_��pILl�zXN�Y�N�G�P�I`U�U�I`S�\^EH�
_aTpzXG�NO�!I`U�E^Y lMz�Edc!V�TpGJ@�U�I`zL�

f�®���¯ ~ Tp\d\dN��Xz[YvN�U]T���I`U�l�z�GJU�N!V�c{T�KD��I`U�z�T�U�lOG�P0TpG]_`T�V�_`N�N!U�K�E^V0TpG�I�Y�T�@�\^G-l�V�N�K�I`zLq�KDI`\uTal
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