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�Ooq~�rpt1ab_]r Z]avj�t2_ � avZ]\0~�}vjpf2rp} nd}bav^`tJZh^`}v^!r o]^�y�rpndabt(~�Z]\1^ �1o]jpf'}v^`g jpy�abtJZh^d~poqr Z]abt1~ r�g�e1}bZ]avZ]e1i(^:jpy
r �1�'}babndr Z]avj�t1_mrpt1i i1r Z]r�%x_]j�e(oqnA^`_dc � \1ab}v^3i(^`}bavup^do@abt(~!_]^do]uEa�nA^`_mZhj � \(^do]^dup^dolr4nde1_]Zhj�g:^doljpolnd}bav^`tJZ
^��(ab_hZ]_d� ! \1^ � tJZh^doqt(^dZlab_m�2o]j u�abi1abt1~!Z]\(^:y�r f1oqa�n�j�t ��\1abnq\|abZma�_m�&j�_q_]avf2}v^3Zhj4f2e1a�}bi�~�}bjpf2rp}b}vw�i1ab_&%
Zhoqabf2e(Zh^`i4r �1�2}�abndr Z]avj�t1_dc(\(j�� ^dup^doOZ]\1ab_ _hZ]ab}b}&o]^`}bab^`_ j�t4Z]\(^ljpoq~�rpt1ab_]r Z]avj�t �1o]j u�abi1a�t(~�Z]\(^*o]^`_hj�e(o@nA^`_
yCo]j�g � \2abnq\�Zhj _]^do]up^�avZ]_�nd}�av^`t�Z]_`�
! \2ab_ nAj�}b}v^`nAZ]avj�t�jpy abtJZh^doqt(^dZ � jpo-*p^`i�nAj�g:�2e1Zh^doq_ o]^d�1oq^`_h^`t�Z]_ r:nAj�t1_]abi(^do@r f2}v^*rpt1i4�LjEjpoq}vw e(Z]a�}bab_h^`i
nAj�g:�'e(Z]r Z]avj�t1rp}&o]^`_hj�e1oqnA^p� ��& ! ��
m\1j�g:^�� 	
	��
��rp_�Z]\(^��2oq_hZ�}br o]~p^�%x_]ndrp}b^me2_h^�jpyRZ]\(^ � tJZh^doqt(^dZ rp_�r
g�rp_q_]avup^mnAj�g:�2e(Z]r Z]avj�t2rp}2o]^`_]j�e(oqnA^me(Z]ab}bab_qabt(~*i(j�t1r Zh^`i��1o]j�nA^`_]_hjpoHZ]abg:^�y>oqj�g a�i1}v^ abtJZh^doqt(^dZ � jpo-*p^`i
nAj�g:�'e(Zh^doq_d�
"�j�g�rpi�� " ^d~pjpZ]abr Zh^`i �mf�$ ^`nAZ ��jpf2a�}bavZxw�YOndnA^`_]_mrpt1i � ^`}bavup^doqw���a�_ r g abi1i1}v^ ��r o]^m�2}br ZhyCjpoqg Z]\1r Z
�1oqj u�abi(^`_�r:i1ab_hZho@avf2e(Zh^`i!_hwE_]Zh^`g5abt(yCoqrp_hZhoqe1nAZ]e1o]^�yCjpo Z]\(^*i(^d�2}bj w�g:^`t�Z�jpy{r �1�2}babndr Z]abj�t1_�nAj�g:�Lj�_h^`i
jpy }bav~�\JZ,�H^`av~�\JZ�g:jpf'ab}v^mjpf�$h^`nAZ]_d� ! \(^*�1o]jXuEa�_]avj�t4jpy�Z]\1ab_ \1av~�\�%x}v^dup^`}Rabt(yCoqrp_hZhoqe1nAZ]e1o]^*_]\(jpo]Zh^`t1_�Z]\(^
Z]abg�^*Zhj:�1o]jpZhjpZxwE�L^pc1o]^`i1e2nA^`_ r �1�2}babndr Z]abj�t4nAj�g:�2}v^��(avZxwpc1rpt2i4abg:�1o]jXup^`_�abtJZh^do]jp�L^doqr f2ab}�avZxw:Z]\(oqj�e(~�\
r�nAj�t1_]ab_hZh^`tJZ �Hjpoq}bi uEab^ ����_hZ]rpt1i2r oqi1ab_]r Z]abj�t��@� � jpf2ab}�avZxw:rp}b}vj�� _�r �2�2}babndr Z]avj�t2_�Zhj�o]^djpoq~�rpt1ab_h^�Z]\1^`avo
_hZho@e1nAZ]e(o]^3abt4o]^`_h�Lj�t1_]^lZhj�e2_h^do�i(^`g rpt1i1_dc1Zhj�g:jXup^3nd}vj�_]^do�Zhj!����^`i o]^`_hj�e1oqnA^`_dcLrpt1i Zhj�abg:�1oqj up^
o]^`}�abr f2ab}babZxw�Z]\(o]j�e1~�\�rpndnA^`_]_�Zhj�y�rpndab}babZ]av^`_4_]e1n@\�rp_4o]^d�2}ba�ndr Z]avj�t�rpt1i
�L^doq_]ab_]Zh^`t�Z4_hZhjpoqr ~p^p� ! \(^
"�j�g�rpi r oqn@\1avZh^`nAZ]e(oq^ _]e(�1�Ljpo]Z]_�_]e1n@\ r �1�2}�abndr Z]avj�t1_�fJw �1o]jXuEa�i1abt(~ r|g:^`nq\2rpt1ab_]g Zhj0t(^d~pjpZ]a�r Zh^
� abZ]\ oq^`_hj�e(oqnA^��1o]jXuEabi1^doq_�ndrp}b}v^`i������ ��� � y>jpo�oqe1tJZ]abg:^�o]^`_hj�e1oqnA^`_4� \(^do]^|rpt1i�� \(^`t Z]\(^dw�r o]^
o]^`�Ee1avoq^`i �
! \2ab_OZ]\(^`_]ab_*i(^`_qnAoqavfL^`_OZ]\(^:i(^`_]av~�t c¢rpt2i �1o]jEjpy %Wjpy %xnAj�t1nA^d�1Z�a�g:�2}v^`g:^`tJZ]r Z]avj�t�jpyHZ]\(^ " j�g�rpi0r o+%
n@\1avZh^`nAZ]e(o]^p� ! \(^��2o@_hZ*�2r o]Zljpy�Z]\1a�_*abt�ZhoqjEi1e2nAZ]avj�t|ab_*r _hZ]r Zh^`g�^`t�Z3jpy�Z]\(^:~pj�rp}b_3rpt1iG_hZhoqr Zh^d~�ab^`_
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e1t1i(^do@}vwEa�t(~mZ]\(^ "�j�g�rpi�r oqnq\2avZh^`nAZ]e(o]^p� ! \2ab_�ab_�y>j�}�}vj �H^`i2��avZ]\ rpt!j up^do]u�av^ �
jpy Z]\(^m}br`wpj�e1Z jpy Z]\(^
Z]\(^`_]ab_ rpt1i�Z]\(^�nAj�tJZhoqavf2e1Z]avj�t1_�jpy{Z]\1ab_ �Hjpo5*'�
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� e2nq\4Z]\(j�e1~�\�Z�\1rp_�~pj�t1^labt�Zhj�i1^dZh^doqg�abt1a�t(~�Z]\(^*oq^`�Je1abo]^`g:^`tJZ]_ jpy{y�e(Z]e(o]^mg�abi1i2}v^ �Hr oq^Or oqn@\1avZh^`n %
Z]e(o]^`_d� � t r�o]^`nA^`tJZ��2r �L^do`c�!O^`ab\1_ �,������j�e(Z]}ba�t(^`i0Z]\1^�n@\1rp}b}v^`t(~p^`_�rp\(^`rpi yCjpo:g�abi1i1}b^ �Hr o]^pc rpt1i
i(^`_]nAoqabf&^`i4r!_h^dZ jpyNr o@nq\1avZh^`nAZ]e1oqrp}¢~pj�rp}b_ � \1a�nq\ r o]^3_]e1g�g r oqab_h^`i�fL^`}vj�� abt4�Lj�abtJZ � � ! \(^�abt�Zh^`t'%
Z]avj�t�fL^`\1a�t1i " j�g rpi!ab_�rp}b_hj�Zhj3nAo]^`r Zh^mr�_]ndrp}br f'}v^�jp�L^`t _hw�_hZh^`g4c � \(^doq^ rpt�w�r �2�2}babndr Z]avj�t�jpo \(j�_hZ
g�r`w��2r oqZ]abndav�2r Zh^�� Z]\1^`_h^l~pj�rp}b_�r o]^lndr �1Z]e(o]^`i�abt4Z]\(^l_h^`nAj�t2i�rpt1i�Z]\1aboqi��Lj�abt�Z]_`�

� �O��e1�1�Ljpo]Z g:jpf2ab}babZxw rp_�r��2oq_hZ nd}brp_q_ �2r oqrpi1ab~�g5y>jpo Z]\(^*yCe1Z]e(o]^
�

��r ���1oqj u�abi(^li1ab_]Zhoqavf2e(Z]abj�t�Zhoqrpt1_]�2r o]^`t1ndav^`_`c
�Cf �!f2e1Z �&^do@g�avZ nAj�t�Zh^���Z]e1rp}�r���r o]^`t(^`_]_ ��_h^`}v^`nAZ]avup^�Zhoqrpt1_h�2r oq^`t1ndav^`_ �@c
��n ��rp}b}bj �-nde1_]Zhj�g�ab_]r f2}b^lg�abi1i1}b^ �Hr o]^mr oqn@\1avZh^`nAZ]e(o]^pc
��i���_]e1�1�Ljpo]Z rpi1r �1Z]avup^�r �2�2}babndr Z]avj�t2_dcErpt2i
�C^ ��g:^d^dZ��OjJ��_h�L^`nda��'ndr Z]abj�t1_d�

�E� ��o]j u�abi(^lrpt4jp�L^`t _]wE_hZh^`g��

��r ��~�}vjpf'rp}b}vw!rp}�}vjEndr Zh^�nAj�g:�2e(Z]r Z]avj�t2rp}¢rpt1i4jpZ]\(^do o]^`_hj�e(oqnA^`_`c
�Cf ��_]e1�1�Ljpo]Z rpt1i4Z]r0*p^�rpi1uSrptJZ]r ~p^�jpy�\(^dZh^do]jp~p^`t(^`abZxwpc
��n ��nAj�tJZho]j�}&Z]\(^ fL^`\1r uEabj�e(o�jpy¢^`rpn@\�g:jpf2ab}v^�r �1�2}babndr Z]abj�t � avZ]\ o]^`_h�L^`nAZ�Zhj3Z]\(^O}vjEndrp}'~pj�rp}b_
rpt1i �&j�}�abndav^`_Hjpy�Z]\(^lrpi1g�abt2ab_hZhoqr Z]avup^*i(j�g rpabt�fL^`abt(~�uEa�_]avZh^`i c

��i��!�1oqjpZh^`nAZ�r �1�2}�abndr Z]avj�t1_HyCo]j�g g�rp}ba�ndavj�e1_ \(j�_hZ]_`c1rpt1i
�C^ ��^`t1nAj�e1oqr ~p^�Z]\(^li1^d�2}vj w�g:^`tJZ rpt1i�f2e2ab}bi1abt1~�jpy abt(yCoqrp_hZhoqe2nAZ]e(o]^p�

�E��& t1_]e(o]^*_]ndrp}�r f2ab}bavZ w �

��r ��i(^`_qav~�t _]ndrp}br f'}v^m~�}vjpf2rp}¢abt1y>oqrp_]Zhoqe1nAZ]e(o]^pc
�Cf ��g�a�t1abg�ab_]^�jXup^doq\(^`rpi1_ Zhj�fLjpZ]\4Z]\(^l_hw�_hZh^`g rpt2i avZ]_ r �1�2}�abndr Z]avj�t1_dc(rpt1i
��n ��rpe(Zhj�g r Zh^�g�rpt1r ~p^`g�^`t�Z � \(^do]^*�Lj�_]_]abf2}v^p�
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avZ]\4Z]\(^�~pj�rp}b_ yCo]j�g5�Lj�abtJZ]_���rpt1i �3�'oqg�}vw a�t g�abt1i¢cJZ]\(^��Je(^`_]Z]avj�t4ab_dc1\(j�� Zhj!rpn@\1av^dup^lZ]\1^`g4�
� t Z]\1^Oi(^`_qav~�t�jpy "�j�g�rpi cEZ]\(^mnAj�t�u�abnAZ]avj�t�ab_ Z]\1r ZHZ]\(^`_h^m_hZhoqe1nAZ]e(o@rp}1~pj�rp}b_�ndrpt�fL^�rpnq\2av^dup^`i4� avZ]\
Z]\(^�y>j�}b}bj � abt1~�_]Zhoqr Zh^d~�av^`_ �

� � ! \(^�fL^`_hZ �Hr w Zhj4f2e2ab}bi�}bj�t(~0%WZh^doqg u�abr f2}v^3~�}vjpf2rp}�abt1y>oqrp_]Zhoqe1nAZ]e(o]^3rpt1i Zhj4^`t1nAj�e(o@r ~p^:Z]\(^
�1o]j u�ab_]abj�t�jpy{oq^`_hj�e(oqnA^`_�a�_�Zhj!nq\2r o]~p^lyCjpo�Z]\(^`avo e2_h^ � � ' �W�

�E� � j�ndrp}N_h^`}��'_q\ jp�2Z]abg�ab_]r Z]abj�t�fEw�nAj�t2_]e1g:^doq_*rpt2i �1o]j�i1e1nA^doq_Oabt rpt|^`nAj�t(j�g�a�n:_hwE_]Zh^`g ab_mr
~pjJj�i f2rp_qab_�y>jpo ~�}vjpf2rp} o]^`_]j�e(oqnA^lrp}b}vj�ndr Z]avj�t �,%�%(c0� �pc %�%�c ���(c �)( ���W�

�E� (�av~�\0}v^dup^`} abt(yCoqrp_hZhoqe2nAZ]e(o]^�rpt1i|g:jpf2ab}�avZxw ��avZ]\ Zhoqrpt1_h�'r o]^`t1ndav^`_m^`t1r f'}v^�oqr �2abi abg:�'}v^`g:^`t�%
Z]r Z]avj�t�rpt1i�i(^d�2}vjXwEg:^`tJZ jpy r �1�2}ba�ndr Z]avj�t1_d�

��rpt1r ~p^`g:^`tJZ�abt�r*g:jpf2a�}v^ _hw�_hZh^`g6ab_ t1^d^`i(^`i3fJw�f&jpZ]\:r �2�2}babndr Z]avj�t2_ � Zhjlg:^d^dZNnd}�av^`t�Z�i(^`g�rpt2i1_dc
rpt1i fEw4Z]\(^ � ^d�LjpZ]_Oj�t ��\1abnq\�Z]\(^dw oqe2t c1Zhj�^`t1_]e(oq^lyCrpaboOrpt1i�o]^`}babr f'}v^�rp}b}vj�ndr Z]avj�t jpy o]^`_hj�e(o@nA^`_d�
��av~�e(oq^ � � �m_]\(j�� _�r�\2av~�\�%x}v^dup^`}'uEab^ � jpy�Z]\(^ "�j�g�rpi�r oqn@\1avZh^`nAZ]e(o]^pc'��\(^do]^�\Ee1g�rpt�g�rpt1r ~p^do@_ _h^dZ
�Lj�}babnAwpcErpt1i�Z]\1^`t Z]\(^O^`tJZ]avZ]av^`_ Z]\(^`g�_h^`}vup^`_Hg�rpt1r ~p^OZ]\(^Oi1r`w�Zhj�i1r w:jp�&^do@r Z]avj�t jpy Z]\1^�_hw�_hZh^`g/jpo
r �1�'}babndr Z]avj�t �3(Oe1g�rpt a�t�Zh^do]up^`tJZ]avj�t!_]\(j�e1}bi�j�t2}vw�fL^�oq^`�Je1abo]^`i�i1e(^ Zhj3e1t(yCjpo]^`_h^d^`t!ndavoqnde1g�_]Z]rpt1nA^`_
}ba *p^lnAj�g:�Lj�t(^`t�Z yCrpab}�e(o]^pc�g�rp}vyCjpoqg:^`i4�Lj�}babndab^`_dcJjpo o]j�e(Z]abt(^*�Lj�}ba�nAw o]^A�'t1^`g:^`t�Zd�

Programmer: sets application policies Manager: sets domain policies

Application: runtime reconfiguration

Application: demand driven negotiation
Negotiate initial placement
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! \1ab_�Z]\(^`_]ab_Oi(oqr � _ Zhjp~p^dZ]\1^domi2ab_h�2r oqr Zh^3r o]^`rp_Ojpy o]^`_h^`r oqn@\ abt�r�t(j up^`}�r �1�2o]j�rpnq\ Zhj�i2ab_hZhoqavf'e(Zh^`i
_hw�_hZh^`g r oqnq\2avZh^`nAZ]e(o]^pc¢rpt1i i(j�nde1g:^`tJZ]_OZ]\(^�o]^`_]e1}bZ]abt(~!i1^`_]av~�t�rpt1i|i(^dup^`}vjp�2g�^`t�ZmjpyNZ]\(^:_hw�_hZh^`g
rp}vj�t(~ ��avZ]\|Z]\(^�abg:�2}v^`g�^`t�Z]r Z]avj�tGjpy�r4�1o]jpZhjpZ wJ�L^p� ! \(^ "�j�g�rpi _h^do]u�abnA^ }br wp^do`c abt1nAjpo]�Ljpoqr Z]a�t(~
Z]\(^ }bjEndr Z]avj�t rpt1i
t1^d~pjpZ]abr Z]avj�t�_h^do]u�abnA^`_dc��1o]jXuEabi1^`_ r0e2t1avyCwEabt1~�u�av^ � jpy*Z]\1^ _hw�_hZh^`g y>jpo!f&jpZ]\
r �1�2}ba�ndr Z]avj�t1_ rpt1i � ^d�LjpZ]_d� ! \(^ " j�g�rpi g�abi1i2}v^ �Hr oq^mr o@nq\1avZh^`nAZ]e1o]^�ndr �1Z]e1o]^`_ rp}b}R_]rp}bav^`tJZ �Lj�abt�Z]_
jpy�g:jpf2a�}v^�_hw�_hZh^`g i(^`_]av~�t c�rpt2i nAj�tJZhoqavf2e1Zh^`_!_]ab~�t1a��'ndrptJZ]}vw Zhj Z]\1^�e1t2i(^doq_hZ]rpt1i2abt(~ jpy�\(j���Zhj
i(^`_]av~�t4rpt2i abg:�2}b^`g:^`t�Z }br oq~p^�_]ndrp}v^lnAj�g:�'e(Zh^do _hw�_hZh^`g�_d�
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! \1ab_3Z]\(^`_qab_�ab_�jpo]~�rpt2ab_h^`i rp_:yCj�}b}vj�� _d� ��\2r �1Zh^do ��o]^du�av^ � _:Z]\1^ }bavZh^doqr Z]e(oq^�yCo]j�g Z � j i1ab_hZ]a�t1nAZ
�2^`}bi1_`c'^`nAj�t(j�g abn3o]^`_hj�e(oqnA^:rp}b}bjEndr Z]avj�t�rpt1i g:jpf2a�}v^�_hw�_hZh^`g�_`� ! \(^�_h^`nAj�t1i �2r o]ZOjpy�Z]\1^�n@\1r �1Zh^do
o]^du�av^ � _�Z]\(^loq^`nA^`t�ZO_hwE_]Zh^`g�_�abt � \2abnq\�Z]\(^`_]^�r o]^`rp_ \2r`up^�fL^d~�e1t�Zhj!nAj�t�up^do]~p^p�
��\1r �1Zh^do � abtJZho]j�i1e1nA^`_*Z]\1^#"�j�g�rpi r o@nq\1avZh^`nAZ]e1o]^pc��1o]j u�abi1a�t(~ r f1oqj�rpiGj up^doquEav^ � jpy Z]\(^�^`tJZ]avo]^
g�abi1i2}v^ �Hr oq^m_]wE_hZh^`g c1rpt1i4Z]\(^�i1^`_]av~�t�jpy�Z]\(^lg:jpf2a�}v^*r �1�2}babndr Z]abj�t4rpt1i � ^d�&jpZ�r oqnq\1abZh^`nAZ]e(o]^`_d�
��\1r �1Zh^do@_ �lZ]\(o]j�e1~�\ 'OyCjpoqg Z]\(^�g�rpabt�fLjEi1w�jpyLZ]\1ab_ Z]\1^`_]ab_d�N��\1r �1Zh^do ��i(j�nde1g:^`tJZ]_ Z]\(^ "�j�g�rpi
}vj�ndr Z]avj�t _h^do]u�abnA^pc1r:~�}bjpf2rp}¢_]ndrp}br f'}v^l_hj�}be(Z]abj�t�Zhj�Z]\(^*�1o]jpf'}v^`g jpy�Zhoqrpn5*�abt(~�g:jpf'ab}v^mjpf�$h^`nAZ]_d�
! \(^�ab_]_]e1^`_Oe2t1i(^doq}vw�abt(~ o]^`_hj�e(oqnA^:t(^d~pjpZ]a�r Z]avj�t|r o]^:abtJup^`_hZ]av~�r Zh^`iGabt�nq\2r �1Zh^do 	�rpt1i�Z]\(^:nAoqavZh^doqa�r
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Zhoqrpt1_h�'r o]^`t1nAwp� � �l��s*� � �����WcLj�t(^�wp^`r ol}br Zh^do`c �Hrp_*r�s " ��� f2rp_h^`i i1ab_]Zhoqavf2e(Zh^`i jp�&^do@r Z]abt(~!_]wE_&%
Zh^`g4c � avZ]\ }bjEndr Z]avj�t!abt1i(^d�L^`t1i1^`t�Z t1rpg�a�t(~�rpt1i Zhoqrpt1_h�2r oq^`t�ZH_hwE_]Zh^`g ndrp}b}b_ �CuEa�rlZ]\(^ �'}v^ _hw�_hZh^`g �@�
Y }br Zh^do�^��EZh^`t1_qavj�t � ��%�� Zhj4Z]\(^�_hw�_hZh^`g abt � �
���4rpi1i1^`i|r�}�abg�avZh^`i�r f2ab}babZxw yCjpo*�1o]j�nA^`_]_h^`_mZhj g�a %
~poqr Zh^lfL^dZ,�H^d^`t�\1j�g:jp~p^`t(^dj�e1_�\1j�_hZ]_ � Z]\1ab_ g�^`nq\1rpt1a�_]g �Hrp_�}babg�abZh^`i!\(j�� ^dup^do c'rpt1i�Z]\(^doq^ �Hrp_
t(j:�Lj�}babnAw!f2rp_]ab_�a�t�Z]\(^ � �l� sm��_]wE_hZh^`g � � &�� �l��� ����� �����Wc2y>o]j�g � �
���Ec ��rp_ rpt4^���Zh^`t1_]abj�t4jpy
Z]\(^ljpoqab~�abt1rp} � &�� �l�4g�^`_]_]r ~p^��'rp_]_]abt(~�jp�L^doqr Z]abt1~ _hw�_hZh^`g rpt1i y>^`r Z]e(oq^`i�r:�1oqjEnA^`_]_ g�av~poqr Z]avj�t
g:^`nq\2rpt1ab_]g4� � j�ndr Z]avj�t �Hrp_ fJw�Z]\1^�e1_h^ jpy*yCjpo5��r oqi1abt1~|�&j�a�t�Zh^doq_`c oqr Z]\1^do Z]\1rpt
uEabr0rG~�}vjpf2rp}
_hZhoqe1nAZ]e1o]^�rp_ ��avZ]\�Z]\(^ � �l��s*� �'}v^l_hw�_hZh^`g4� � t }br Zh^do oq^`_h^`r oqnq\ � &�� �l��� ��� rpnd�Ee1avoq^`i r }vj�rpi
r���r o]^��2o]jEnA^`_q_�g�rpt1r ~p^doOrpt1i4g�av~poqr Z]abj�t4�Lj�}babnAw �,%
� �W�
! \(^�� �l� � ' ��yCo]j�g � �
�
	2��rp_ Z]\(^��2oq_hZ�_hwE_]Zh^`g r oqn@\1avZh^`nAZ]e(o]^�i(^`_]ab~�t(^`i4yCo]j�g Z]\(^3_hZ]r o]Z�y>jpoOyCe2}b}
�1o]j�nA^`_]_�g�av~poqr Z]abj�t � �He2ab}vZ�j�t4r�t(^dZ � jpo-* jpy�s " ���[nAj�g:�2e(Zh^doq_�� Z]\(^*g�rpabt�yCjEnde2_ ��rpt2i�nAj�tJZhoqa1%
f2e(Z]avj�t �
��rp_ j�t�Z]\(^ i1ab_]Zhoqavf2e(Z]abj�tljpyL}vj�rpi�abt(yCjpoqg�r Z]avj�t�rpt1i:rOoqrpt(~p^ jpy&rp_]_hj�ndabr Zh^`i�_hjp�'\1ab_hZ]abndr Zh^`i
_]nq\1^`i1e1}babt1~l�Lj�}babndav^`_d��YOt(jpZ]\(^do _hw�_hZh^`g y>o]j�g/Z]\(^*_]rpg:^Owp^`r o���rp_ ��rpavZho]^mi
 � �)( �Wc�� \1abn@\!i2abi t(jpZ
\1r`up^�g�av~poqr Z]avj�t¢c�f2e(Z abt1abZ]abrp}�Z]rp_5*3�'}brpnA^`g:^`tJZd� ! \(^ �Lj�abt�Z�jpyLabtJZh^do]^`_hZNab_�Z]\1r Z�Z]\(^do]^���rp_Nrli(^d~po]^d^
jpyHg3e(Z]e1rp} _]^`}v^`nAZ]avj�t|fL^dZ,�H^d^`t|Z]\(^�_]j�e(oqnA^�rpt1iGi1^`_hZ]abt1r Z]avj�t g�rpn@\1abt(^`_`c � \(^do]^�Z]\(^�i1^`_hZ]abt1r Z]avj�t
g�rpnq\2abt(^lg�r w�jp�2Z�j�e(Z jpy�o]^`nA^`avu�abt(~�Z]\(^lZ]rp_5*'�
s � e1tJZ]ab}�Z]\1ab_*Z]a�g:^ rp}b} jpy�Z]\(^!_hwE_]Zh^`g�_�abtJupj�}vup^`i \(^`r`uEw �H^`av~�\JZ�Z]rp_+*�_�jpo��1o]j�nA^`_]_h^`_`c�rpt1i � ^do]^
jpoqav^`tJZh^`i Zhj��Hr oqi2_ jXup^doqrp}b}O_hwE_]Zh^`g �L^do]yCjpoqg�rpt1nA^p��� t � �
��%GZ]\1^ �Ho]j�tEe1_ � �#� � jpf�$h^`nAZ jpoqab^`t�Zh^`i
i1ab_hZho@avf2e(Zh^`i�_hw�_hZh^`g r �1�L^`r o]^`i ��YO}b}�nAj�g�g�e2t1abndr Z]avj�t ��rp_lZ]\(oqj�e(~�\|abtJupjEndr Z]avj�t j�tGjpf�$ ^`nAZ]_�uEa�r
g:^`_]_]r ~p^ �2rp_]_]abt1~(����o]j�tJe2_mjpf�$ ^`nAZ]_�r o]^ _hj�g�^ � \1r Z�\(^`r uJw �H^`av~�\�Zdc�^���rpg��2}v^`_*jpy � \1a�nq\ abt1nd}be2i(^
�1o]j�nA^`_]_h^`_mrpt1i i1avoq^`nAZhjpoqav^`_d� &�rpn@\ jpf'$ ^`nAZ*ab_mi1avoq^`nAZ]}vw nAj�t�Zhoqj�}b}v^`i fJw�r�g�rpt2r ~p^do*�1o]j�nA^`_]_ j�t rpt
r o]f2avZho@r o]w \(j�_]Zd� ! \(^:o]^`_hj�e1oqnA^`_*jpy�Z]\(^�_hw�_hZh^`g r oq^:o]^d�1o]^`_h^`tJZh^`iGfEw nd}brp_]_h^`_dcR^`rpnq\ jpy � \2abnq\|ab_
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rpt1a�_]g�_dc � avZ]\G}br��dw|g�ab~poqr Z]avj�t0a�tGY�ndnA^`tJZ � ��%��Wc{e2_h^do�Zhoqrpt2_h�2r o]^`t1nAw|abt �E�1oqavZh^ �,�
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rp_!abt!&�g�^doqrp}bi cHf2e(Z:j�t
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o]^`_hj�e(o@nA^�t(^d~pjpZ]a�r Z]avj�t1_3fL^dZ,�H^d^`t�i1ab_hZhoqabf2e(Zh^`i|�1oqjpf2}v^`g _]j�}vup^doq_ � � �H� �@� ! \1a�_�ab_3r nAjJjp�L^doqr Z]avup^
_hw�_hZh^`g4c�oqr Z]\(^do Z]\1rpt�nAj�g:�L^dZ]avZ]abup^pc�_]j�t1j3nde(oqo]^`t1nAw ab_H^��(nq\1rpt1~p^`i � &�rpn@\ � �H�!\1rp_ r�_h^dZ�jpyRi1ab_+%
Z]abt1nAZ � � � � � �-� � � � � � � � � � c�� \1abn@\4abt�nAj�g�f'abt1r Z]avj�t � abZ]\!jpZ]\1^do � �H��_�r oq^l_]e&"!ndav^`tJZ�Zhj�_hj�}vup^*Z]\(^
�1o]jpf2}b^`g4��z
\(^`t r � �H� �CZ]\(^ 
 � � � � � � ��\1rp_mr Z]rp_+* � \1abn@\ o]^`�Ee1avo]^`_�^���^`nde(Z]avj�t cLavZmrpt1t(j�e1t1nA^`_
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_hw�_hZh^`g4� ! \1ab_ �Hrp_*rp}b_]j��2o]jpf2r f2}vw4Z]\1^��'oq_hZm_hwE_]Zh^`g � \1abn@\�nAj�t2_]abi(^do]^`i�Z]\(^:r �1�'}babndr Z]avj�t jpy�Z]\(^
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}v^`g _hj�}vup^do`c'f2e1ab}bZHj�t�Zhjp��jpy z Y � � Y*� � �
�)( �
� \1abn@\ i(w�t1rpg�abndrp}�}vw!rpi�$]e1_hZh^`i�rpt1i ^���Zh^`t1i(^`i�Z]\(^
g�r o-*p^dZ�_hZhoqe2nAZ]e(o]^*avZ]_h^`}vy{Zhj abt2nd}be1i(^mg�r o5*p^dZ]_ y>jpo _]j�}be(Z]avj�t1_�Zhj!t(^ � Z]rp_+*�_ rpt1i�_]e(f1Z]rp_+*�_d�



�)( � ����� ����� � 	 � � � � ��� ��� �����

� t � �
� 'Jc1rl�Lj�_]avZ]abj�t:�2r �L^do � 	>( �&j�t ! Y � � ��Y�i(^dZ]rpab}b^`i�Z]\(^Oabt1nd}be1_qavj�t�jpy ^`}v^`nAZho]j�t1a�n ndrp_]\�abt:Z]\(^
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�Hjpo5*�rp}b}2jpy
� \1abn@\�o]^	
2^`nAZ
abt4_hj�g:^/�Hr w�j�t Z]\(^�i(^`_]ab~�t�jpy3"�j�g�rpi �
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YOi1i1avZ]abj�t1rp}b}vwpc�t1j�t(^ jpy Z]\(^`_]^O_hw�_hZh^`g�_Hi(^`rp}vZ � avZ]\!rpt�w�oq^`_hj�e(oqnA^`_ jpZ]\(^do�Z]\1rpt4����s
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Z]abrp}¢y�rpab}be1o]^*jpy Z]\(^�i2ab_hZhoqavf'e(Zh^`i�_hwE_]Zh^`g4� �Oy �2r o]Z]a�nde1}br o _]ab~�t1a��'ndrpt1nA^l\1j �H^dup^do`c ab_�Z]\1r ZOg:jpf2ab}�avZxw
�Hrp_�r �1�2}ba�ndr Z]avj�t�i1avo]^`nAZh^`i c'��avZ]\ }brpt(~�e2r ~p^*�1oqabg�abZ]avup^`_d�

� � �*� �:/
��� ��	�� � �<5

&�g:^do@rp}bi
^��EZh^`t2i(^`i�Z]\(^G_]a�t(~�}v^ jpf�$h^`nAZ�g:j�i(^`}OZhj
i1ab_hZho@avf2e(Zh^`i�_hw�_hZh^`g�_dc � avZ]\
jpf'$ ^`nAZ]_�f&^`a�t(~
Z]\(^�j�t1}vw�^`tJZ]avZ]av^`_�o]^d�1o]^`_]^`t�Zh^`i
abt
Z]\(^�}�rpt(~�e1r ~p^p� &Nup^do]wEZ]\1abt1~ abt�&�g:^doqrp}�i ab_�rpt�jpf�$h^`nAZ �
� avZ]\4jpf'$ ^`nAZ]_OfL^`abt(~:Z]\(^�j�t1}vw�^`tJZ]avZ]av^`_�o]^d�1o]^`_h^`tJZh^`i�a�t Z]\(^3}brpt(~�e1r ~p^p� & rpnq\?&�g:^doqrp}�i jpf�$h^`nAZ�ab_
abg�g3e(Z]r f2}v^lrpt2i�\1rp_ ��r�e1t2ab�Je1^lt1rpg:^pc'r!_h^dZ jpy��'^`}bi1_dc1r!_h^dZ jpy g:^dZ]\(j�i1_dc&rpt jp�1Z]abj�t1rp}¢�1oqjEnA^`_]_
rpt1i|r4}vj�ndr Z]avj�t � ! \(^�j�t1}vw g:^`nq\1rpt2ab_]g yCjpolnAj�g�g�e2t1abndr Z]avj�t|ab_*a�t�upj�ndr Z]avj�t c ��\1abnq\ ab_*}bjEndr Z]avj�t
abt1i(^d�L^`t1i1^`t�Zd� � j�ndr Z]avj�t�abt(yCjpoqg�r Z]abj�t ab_�g�rpa�t�Z]rpabt1^`i0fEw0Z]\(^4\(j�_]Z3j�t � \2abnq\ Z]\(^�jpf�$h^`nAZ �Hrp_
�2oq_hZ*nAo]^`r Zh^`i¢c{}v^`r uEa�t(~ }bavyC^`}vj�t(~�o]^`_]abi2e1rp}�i(^d�L^`t1i(^`t1ndav^`_`� �Of'$ ^`nAZ]_lr oq^:~�r o]f2r ~p^!nAj�}�}v^`nAZh^`i � \(^`t
Z]\(^do]^�r oq^lt(j }vj�t(~p^do�rpt�w�o]^dyC^do]^`t1nA^`_�Zhj Z]\(^`g4�

2 � ��� � �9���

� ab_hZhoqavf'e(Z]avj�t � avZ]\1abt &�g�^doqrp}bi:ab_�rpnq\2av^dup^`i � abZ]\3}�rpt(~�e1r ~p^ �1oqa�g�avZ]avup^`_�Zhj�nAj�tJZho]j�}(Z]\(^ �2}�rpnA^`g:^`t�Z
rpt1i g:jXup^`g:^`tJZ!jpymjpf�$h^`nAZ]_d��� ��� � � ��i(^dZh^doqg�a�t(^`_�� \(^do]^ rpt jpf�$h^`nAZ�o]^`_]a�i(^`_dc � � 
��:g:jXup^`_!rpt
jpf�$h^`nAZ Zhj�rpt(jpZ]\(^do }vj�ndr Z]avj�t c�� ��� � � ��� ����� nAj�t�Zho]j�} � \(^dZ]\(^do�rpt�jpf�$h^`nAZ�g�r w�g:jXup^pc2rpt1i�� � ���
� \1abn@\|e1t�����^`_dcRg�j up^`_3rpt1i ����^`_lrpt|jpf�$h^`nAZd�2� tGrpi1i2avZ]avj�t�Zhj�Z]\(^`_]^:�1oqabg�abZ]avup^`_dc &�g�^doqrp}bi|rp}b_hj
j��&^do@_Rr��'r oqrpg:^dZh^do{�2rp_]_]abt1~�g�jEi(^ � � � � 
 � � 
 
 � 
 �Ri1e(oqa�t(~ abt�upj�ndr Z]avj�t ��Y ndrp}b}1%WfEw %xg�j up^H�2r oqrpg:^dZh^do
ab_ 
 � 
 �5�OZhj�Z]\(^*i(^`_]Z]abt1r Z]avj�t!\(j�_hZ i1e(oqa�t(~�abtJupjEndr Z]abj�t cErpt2i!Z]\1^`t!^`abZ]\(^do oq^dZ]e(oqt(^`i�r y>Zh^do Z]\1^Ondrp}b}
nAj�g:�2}v^dZh^`_�jpo:o]^`g�rpabt1_3j�t Z]\(^4i(^`_]Z]abt1r Z]avj�t \(j�_hZ:i(^d�L^`t1i2abt(~�j�t Z]\1^�_]�&^`ndav�2^`i g:jEi1^p� ! \(^`_h^
�1oqabg avZ]avup^`_�^`t1_]e1o]^�&�g�^doqrp}bi:o]^`nAjp~�t2avZ]avj�t�rp_NZ]\(^ �2oq_hZ�i2ab_hZhoqavf'e(Zh^`i:_hw�_hZh^`g Zhj�e(Z]ab}ba�_h^ r �1�2}babndr Z]abj�t
i1avo]^`nAZh^`i�g:jpf2ab}babZxw rp_�r�}brpt(~�e1r ~p^��2r oqrpi1av~�g �
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 � � ������� � 
 ��
 ��� � 
 �*�

! \1^ ~poqrptEe1}br oqabZxw jpy�g:jpf2ab}�avZxw|abt &�g:^doqrp}�iGab_�up^do]wG_]g�rp}b} %�f2rp_]^`i0j�t Z]\(^!e2t1avZljpy Z]\(^!jpf�$h^`nAZd�
&�"!ndav^`t1nAwlab_Rabg:�1o]jXup^`i�fEwmy>oq^d^`}vwlnAjp�Jw�abt(~�_]g�rp}b}�jpf�$ ^`nAZ]_{_]e1n@\�rp_ � t�Zh^d~p^doq_{rpt1i�jpZ]\(^do�abg�g3e(Z]r f2}v^
jpf�$h^`nAZ]_d�lYO}b}�jpf�$ ^`nAZ]_*a�t & g:^doqrp}bi�r o]^ � y>oqab^`t1i1}vw  2rpt1i \(j�_hZ]_m\(j�g�jp~p^`t(^dj�e1_dc rpt1i rp_m_]e1n@\ Z]\1^do]^
ab_ t(j�_h^`nde(oqabZxwpc2rpndnA^`_]_ jpo o]^`_]j�e(oqnA^lnAj�tJZho]j�} �

��� ����� � ����� �

!m}bjpf&^ �,�Ec��(c��
�(c:� ��c<���1c:�6��c:�6��c �)( 	(c �)( %��¢ab_ rpt�rpnAZ]avup^mo]^`_]^`r oqnq\��1oqj�$ ^`nAZ�f2rp_h^`i!j�t�r.� abi(^Or o]^`r
i1a�_hZhoqavf2e1Zh^`i�_hw�_hZh^`g/r oqnq\1abZh^`nAZ]e(o]^ i(^`_qav~�t(^`i�Zhjl�1oqj u�abi(^�Z]\(^�abt(yCoqrp_hZho@e1nAZ]e(o]^�j�t � \2abnq\�Zhj�i1^dup^`}vjp�
}br oq~p^�_]ndrp}v^ � a�i(^*r o]^`r r �1�'}babndr Z]avj�t1_`�

! \1^ f2rp_qabnN�1oq^`g�ab_h^ f&^`\2abt1ilZ]\2ab_�r o@nq\1avZh^`nAZ]e1o]^ ab_RZ]\1^ � � � � � � � ��� �5� �-� � ���-� ����� � � � � \2abnq\3r �1�L^`r oq_{Zhj
fL^�_]a�g�e1}bZ]rpt(^dj�e1_]}vw�}vj�ndr Zh^`i j�t�g3e1}vZ]ab�2}v^*g�rpnq\2abt(^`_d� ! \(o]j�e1~�\�Z]\1ab_�i1a�_hZhoqavf2e1Zh^`i!jpf'$ ^`nAZ  _mabtJZh^do+%
y�rpnA^O_]^do]uEa�nA^`_ _]e2nq\�rp_ � nAj�g�g�e2t1abndr Z]avj�t!�1o]jpZhj�nAj�}b_%$Eo]^d�2}ba�ndr Z]avj�t�_hZhoqr Zh^d~�ab^`_Hrpt2i Z]\(^Oi1ab_hZho@avf2e(Z]avj�t
jpy _hZ]r Zh^�r oq^�g�rpi(^�r uSrpa�}br f2}v^p� ! \1^labt�Zh^doqyCrpnA^l~�abup^`_ yCe2}b}Li1ab_hZhoqabf2e(Z]avj�t!Zhoqrpt1_h�'r o]^`t1nAwp�

� � �)� ��/ ��� ��	 � � �<5

� t !*}vjpfL^�^`rpnq\�jpf�$h^`nAZHj��&^doq_�r Z�}v^`rp_hZ j�t(^Oa�t�Zh^do]y�rpnA^pc�nAj�g:�1oqab_qabt(~ljpy¢r3_h^dZHjpy¢g:^dZ]\(j�i1_�fEw � \1a�nq\
Z]\1r Z�jpf�$h^`nAZ�ab_�g�rpt1av�2e2}br Zh^`i � ! \1^�jpf�$h^`nAZ]_�r o]^ ��� � ��� 
 �Ac rpt1i g�r`w|fL^:�2\Jw�_]abndrp}b}vw�i1ab_hZho@avf2e(Zh^`i
jXup^do�r3_]^dZ jpyRg rpnq\1abt1^`_Hrp_�_]\1j � t�abt �2~�e(o]^ �E���E� &�rpn@\�i2ab_hZhoqavf'e(Zh^`i:jpf�$h^`nAZ \1rp_�r � ��� � � � ��
 � ����� � c
� \2abnq\ ab_�Z]\(^ �'oq_hZ��Lj�abtJZljpy nAj�tJZ]rpnAZ:yCjpo�rp}�}�f2a�t1i1abt(~4nd}bab^`t�Z]_d� ! \(^4" j�g rpi r o@nq\1avZh^`nAZ]e1o]^4rp}b_hj
e1_]^`_�rpt r �1�2}�abndr Z]avj�t4_hZhoqe2nAZ]e(o]^l_]abg ab}br o�Zhj�Z]\(^lnAj�tJZ]rpnAZ&%W�Lj�abt�Zd�

!m}bjpf&^�}vj�ndrp}�jpf�$h^`nAZ]_�r o]^�Z]\(^!nAj�g:�Lj�t(^`tJZ]_3y>oqj�g � \2abnq\ i1ab_hZhoqabf2e(Zh^`i|_]\1r oq^`i0jpf�$h^`nAZ]_�r o]^�nAj�t�%
_hZho@e1nAZh^`i �NY
}vj�ndrp}1jpf�$h^`nAZ oq^`_]abi(^`_Na�t�j�t1}vw3j�t(^Orpi1i(o]^`_]_ _h�2rpnA^pc�rpt1i a�g:�2}v^`g:^`tJZ]_NZ]\1^ i1ab_hZho@avf2e(Zh^`i
jpf�$h^`nAZ  _3abt�Zh^doqyCrpnA^p��Y�_�!m}vjpfL^�i1ab_hZho@avf2e(Zh^`_Ojpf�$h^`nAZ]_�jXup^do3r�\(^dZh^do]jp~p^`t(^dj�e1_3t(^dZ � jpo5*&c{Z]\(^ }vj�ndrp}
abg��2}v^`g:^`tJZ]r Z]avj�t jpy�Z]\(^�i1ab_]Zhoqavf2e(Zh^`i�jpf�$h^`nAZ�abtJZh^do]y�rpnA^ � ab}�}�}ba *p^`}vw \1r up^!r i2a��&^doq^`t�Z*abg:�'}v^`g:^`t�%
Z]r Z]avj�t¢� ( j�� Z]\(^l}vj�ndrp}&jpf�$h^`nAZ ab_�rpnAZ]e1rp}b}vw�abg:�2}b^`g:^`t�Zh^`i�i(^d�L^`t1i2_ j�t4r:tEe1g�fL^doHjpy��1oqr ~�g�r Z]a�nd_
abt2nd}be1i1abt1~�Z]\(^:�2}br ZhyCjpoqg r oqn@\1avZh^`nAZ]e(o]^�rpt2i Z]\(^:jpf�$h^`nAZ*o]^d�2}babndr Z]abj�t �Lj�}ba�nAwp� ��av~�e(o]^ �E����i(^d�'abnAZ]_
Z]\(^�}vj�ndrp}¢jpf�$h^`nAZ]_mabt ^`rpn@\�jpy Z]\(^3rpi2i(o]^`_]_�_h�2rpnA^`_OZ]\1r Z Z]\1^3i1a�_hZhoqavf2e1Zh^`i4_]\1r o]^`i�jpf�$ ^`nAZ]_m_h�'rpt1_d�
& rpnq\ !*}vjpfL^*jpf�$ ^`nAZ�g�rpabtJZ]rpabt1_ nAj�t1_]a�_hZh^`t1nAw�jpy{abZ]_ j � t�i1ab_hZhoqabf2e(Zh^`i�_hZ]r Zh^p�
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! \(^�!m}vjpfL^�i1a�_hZhoqavf2e1Zh^`i _]\1r o]^`i jpf�$h^`nAZ*ab_ r�}vjp~�abndrp}{nAj�g:�Lj�_]avZh^�jpy�avZ]_O}vj�ndrp}Rjpf�$h^`nAZ]_*rpnAo]j�_]_OZ]\(^
o]^`_]abi1^`t�Z�rpi1i1o]^`_]_�_h�'rpnA^`_d� ! \(^4u r oqavj�e2_�}vj�ndrp} jpf�$h^`nAZ]_�Z]\(^`g�_]^`}vup^`_��L^do]yCjpoqg rp}b}�i2ab_hZhoqavf'e(Z]avj�t c
o]^d�2}ba�ndr Z]avj�t�rpt1i g:jXup^`g:^`t�Z jpy�Z]\(^*jpf'$ ^`nAZ  _�_hZ]r Zh^�abt�_]e2nq\ r���r`w�Z]\1r Z�rp}b} nd}�av^`t�Z]_ r oq^l�1o]jXuEabi1^`i
� avZ]\4r�nAj�t2_]ab_hZh^`tJZ�u�av^ ��jpy�Z]\(^li1ab_hZho@avf2e(Zh^`i�jpf�$h^`nAZ  _ _hZ]r Zh^p�
! \(^do]^|ab_4t1j g�^`nq\1rpt1a�_]g y>jpo4oq^`_hj�e(oqnA^GnAj�tJZho]j�} c*r ~�rpabt�rp}b}m^`tJZ]avZ]av^`_4r oq^|Zho]^`r Zh^`i-rp_�yCoqav^`t1i2}vwp�
! \(^ !*}vjpfL^ljp�L^doqr Z]abt(~ _]wE_hZh^`g ab_�oq^`�Je1abo]^`i�fJw rp}�}¢nd}bav^`tJZ]_ abtJZh^doqrpnAZ]abt1~ � avZ]\ i1ab_hZhoqabf2e(Zh^`i�_]\1r o]^`i
jpf�$h^`nAZ]_dc�rpt1i ��\1ab}v^�Z]\1ab_*abt1_qe1}br Zh^`_mnd}bav^`tJZ]_my>oqj�g Z]\(^:abt1\(^do]^`tJZ*nAj�g:�2}v^��(avZ]av^`_mrpt1i oq^`i1e1nA^`_m�1o]j0%
~poqrpg�g:^do*}vj�rpi¢c&avZOabt Z]e1oqt a�t1nAo]^`rp_h^`_�Z]\(^�_]a �d^�rpt2i nAj�g:�'}v^���abZxw jpyNZ]\1^�_hw�_hZh^`g avZ]_h^`}vy � Y g r�$ jpo
nAj�t�Zho@avf2e(Z]avj�tmjpy !m}bjpf&^)��rp_RabZ]_¢}vj�ndr Z]avj�tl_h^do]u�abnA^pc�� \1abn@\lab_L�1o]^`_]^`t�Zh^`i�_h^d�2r oqr Zh^`}vwmabtl_]^`nAZ]avj�t �(���E���E�

������� � 
 ��� 	 ���

! \(^ � ^d~�avj�t �,�
	(c��
	�c���%�c�� � ��_]jpy>Z �Hr o]^�r o@nq\1avZh^`nAZ]e1o]^Ha�_�i(^`_qav~�t(^`i�Zhjmr f'_hZhoqrpnAZ r�}�r o]~p^HnAj�}�}v^`nAZ]avj�t3jpy
\(^dZh^do]jp~p^`t(^dj�e2_�g�rpnq\2abt(^`_�rp_�r3_qabt(~�}v^�uEavoqZ]e1rp}'g rpnq\1abt1^pcE�2o]j u�abi1abt1~�r�_]abg:�2}b^ e1t1avyCjpoqg/abt�Zh^doqyCrpnA^p�

� � �*� �:/
��� ��	�� � �<5

� ^d~�avj�t�a�_�r g�abi2i1}v^ ��r o]^!_hw�_hZh^`g jpyOi1ab_hZhoqabf2e(Zh^`iGjpf'$ ^`nAZ]_�Z]\1r Z:_]abZ]_�fL^dZ � ^d^`t � ^d~�avj�t r �1�2}ba�ndr�%
Z]avj�t1_lrpt2i Z]\(^�\(j�_hZljp�L^doqr Z]a�t(~4_hwE_]Zh^`g4� YO}b}{^`t�Z]avZ]ab^`_ � avZ]\1a�t � ^d~�avj�t|^p� ~(� r �2�2}babndr Z]avj�t jpf'$ ^`nAZ]_
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rpt1i�\(j�_hZ]_`c&r o]^3o]^d�1oq^`_h^`t�Zh^`i fEw abt1i(^d�L^`t1i(^`tJZ rpnAZ]avup^3jpf�$h^`nAZ]_ � \1abn@\ nAj�g�g3e1t1a�ndr Zh^�u�abr�oq^`g:jpZh^
g:^dZ]\1jEi a�t�upj�ndr Z]avj�t �

� ��� �0��	�� � 	 � �
� 	 �0�

� ^`_hj�e(oqnA^`_ abt � ^d~�abj�t�r oq^mr f'_hZhoqrpnAZh^`i4abt!Z,�Hj�abt1i(^d�L^`t1i1^`t�ZNjpf'$ ^`nAZ]_ t1rpg�^`}vw�Z]\(^*\(j�_hZ�rpt1i�u rpe1}vZ
jpf�$h^`nAZ]_d� ( j�_hZ]_Oo]^d�2o]^`_h^`tJZ�nAj�g:�2e1Z]r Z]avj�t rpt2i�u rpe1}vZ]_ o]^d�1o]^`_h^`tJZO�&^do@_]ab_hZh^`tJZ _hZhjpoqr ~p^p�OY�_ � ^d~�avj�t
_]abZ]_�r fLj up^�r _hZ]rpt1i1r oqi4e2t1g:j�i1a��2^`i�jp�L^doqr Z]abt(~�_]wE_hZh^`g c2t(j�nAj�tJZho]j�}Rab_�^��E�1oq^`_]_h^`i4jXup^do�up^do]w4}vj��
}v^dup^`}{o]^`_]j�e(oqnA^`_ % Z]\1ab_Oab_ Z]\1^ $hjpf jpyNZ]\(^�\(j�_hZmjp�L^doqr Z]abt(~�_hwE_]Zh^`g4�*Y�_Ou r oqavj�e1_O\(j�_hZ]_*g�r w�\1r up^
i1a �&^do]^`tJZO�&j�}�abndav^`_dc'Z]\(^3a�g:�2}v^`g:^`tJZ]r Z]avj�t jpyNZ]\(^:nd}brp_]_]^`_Or oq^3\(j�_]Zmi1^d�&^`t2i1rpt�Zd�l��e(oqo]^`t�Z]}bw�Z]\1^do]^
r o]^lt1j3rpndnAj�e1tJZ]abt(~:�Lj�}ba�ndav^`_�Zhj:i1a�_]nAj�e(oqr ~p^ � ��� � � � ��� ��� � � YO}b_hj(c�Z]\(^*\(j�_hZ]_ i1^`ndabi(^OZ]\(^m^��E^`nde(Z]abj�t
�1o@avjpoqavZ]av^`_Hjpy�jpf�$h^`nAZ]_dc�� abZ]\(j�e(Z nAj�t1_]abi1^doqr Z]avj�t4jpy�r �1�2}ba�ndr Z]avj�t�o]^`�Ee1avo]^`g:^`tJZ]_d�

��� �
� � � 	 	>� �#� � ���

� ^d~�avj�t a�_ r�_]abt(~�}v^�g:^dZ]r�%xg�rpnq\2abt(^�r f2_hZhoqrpnAZ]avj�t¢c'j�t�� \1abn@\ e1_h^do@_ ^���^`nde(Zh^3�&j�_q_]avf2}vw�i1ab_hZho@avf2e(Zh^`i
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jpy yC^`r Z]e(o]^`_m_]e1n@\ rp_�up^`nAZhjpo*�1o]j�nA^`_]_hjpo@_�jpomg�rp_]_]avup^`}bw4�2r oqrp}b}v^`}Rg�rpnq\1a�t(^`_d� (�j �H^dup^do`c Z]\(^��'}brpnA^�%
g:^`tJZ*rpt1i }br Zh^dolg�av~po@r Z]avj�t�jpy jpf�$h^`nAZ]_*ab_OZ]\(^�o]^`_h�Lj�t1_]avf'ab}bavZ w jpy�Z]\1^3jpf'$ ^`nAZ*nd}brp_]_`� ! \(^do]^�ab_mt(j
g:^`n@\1rpt1ab_qg yCjpo3rpt r �1�'}babndr Z]avj�t0Zhj��'t2iGZ]\(^�o]^`_hj�e(o@nA^`_�r uSrpab}�r f2}v^!a�tGZ]\(^�\(^dZh^do]jp~p^`t(^dj�e2_�^`t�u�a1%
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" j�g rpi � " ^d~pjpZ]abr Zh^`i?�Of�$h^`nAZ � jpf2ab}�avZxw�YOndnA^`_]_ rpt1i � ^`}bavup^do]w � ab_Hi(^`_]av~�t(^`i!Zhj�_]e(�2�&jpoqZ�r �1�2}ba�ndr�%
Z]avj�t1_�nAj�t1_]ab_hZ]a�t(~:jpyNi(w�t1rpg�abn*g:jpf'ab}v^*jpf�$h^`nAZ]_d� ! \(^`_]^ljpf�$h^`nAZ]_�r o]^3_]e(�1�Ljpo]Zh^`i fJw4r t1^dZ,�Hjpo5*4jpy
� � � ��� � Z]\1r Z��1o]jXuEabi1^:o]^`_hj�e(oqnA^`_�oqrpt(~�a�t(~4y>oqj�g ��� s nAw�nd}v^`_�rpt1iG�L^doq_]a�_hZh^`t�Zl_]Zhjpoqr ~p^pc�Zhj nAj�g�%
g�e2t1abndr Z]avj�t4rpt1i�nAj�t1_]ab_hZh^`t2nAw!�1oqjpZhjEnAj�}�abt�^���n@\1rpt(~p^�y>jpo��'r`w�g:^`t�Zd�
��av~�e(o]^ �E� � ~�avup^`_Hrpt�j up^doquEav^ ��jpyLZ]\(^ g�r�$hjpo�nAj�g:�Lj�t(^`t�Z]_ � avZ]\1a�t�Z]\(^ "�j�g�rpi!r o@nq\1avZh^`nAZ]e1o]^p�NY�}�}
^��E^`nde1Z]avj�t � avZ]\1a�t "�j�g�rpi Z]r0*p^`_*�2}brpnA^�j�t u�avo]Z]e1rp}{\(j�_hZ]_ �Cu�( j�_]Z]_ � � \1abn@\ r o]^:g�rpt1r ~p^`i|rp}vj�t(~
� avZ]\3jpZ]\(^do � ^d�LjpZ o]^`_hj�e1oqnA^`_�fJw3^`rpnq\ � ^d�LjpZ  _N}bjEndrp}(g�rpt2r ~p^do`� ! \(^`_h^ � ^d�LjpZ]_dc�Z]\(^`aboNg�rpt1r ~p^doq_dc
u (�j�_hZ]_�rpt1i o]^`_]abi1^`t�Zlnd}be2_hZh^doq_ ��_h^d^ _]^`nAZ]avj�t �E���E��� �*jpyHnd}bab^`t�Zdc{r �1�2}babndr Z]abj�t�rpt2iGt(j�g�rpi|jpf'$ ^`nAZ]_
r o]^lZ]\(^*�'\�w�_]abndrp}L^`tJZ]avZ]av^`_ � avZ]\1abt4"�j�g�rpi�rpt1i�r o]^�i(oqr � t4abt4r�_]j�}babi�}babt(^p�
! \(^ o]^`g�rpabt1a�t(~ nAj�g:�Lj�t(^`tJZ]_{y>o]j�g-�2~�e(oq^ �E� � �W��}bav^`tJZdcpY �2�2}babndr Z]avj�t¢c ��r o5*p^dZh�2}brpnA^ rpt1i � j�ndr Z]avj�t
�E^do]u�abnA^`_ ��r o]^*_]\(j�� t!a�t!i1rp_q\(^`i!}�abt(^`_Hrpt1i oq^d�1o]^`_h^`tJZ�yCe1t2nAZ]avj�t1rp}bavZ wpc�oqr Z]\1^do Z]\1rpt�i(^`_]nAoqavfL^ r�_h^dZ
jpy �2\Jw�_]abndrp}Ho]^`_hj�e(o@nA^`_�jpo:Z]\(^ i1ab_hZho@avf2e(Z]avj�tGjpy�rpt ^���^`nde(Z]avj�t � �(jpo�^��(rpg:�2}v^pc Z]\(^4r �1�2}babndr Z]abj�t
o]^d�1o]^`_]^`t�Z]_Hr�_h^doquEabnA^�Z]\1r Z�ab_�_]e1�1�2}bav^`i�Zhj3r�nd}�av^`t�Z rpt1i!a�_�_]\(j�� t a�t i1rp_]\1^`i }babt1^`_d�
(�j �H^dup^do`c(Z]\(^
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nd}be1_hZh^do ab_Hrp}b_hj:_]\1j � t�rp_�yCe2t1nAZ]avj�t1rp}b}bw3�'r o]Z jpy�Z]\(^m}vjEndr Z]abj�t�_]^do]uEa�nA^ �Cj�t�Z]\(^*}v^dyCZHjpyRZ]\(^��2~�e(o]^ �@�
Y�t4r �2�2}babndr Z]avj�t�nAj�tJZho]j�}b_�abZ]_ i(^d~po]^d^*jpy�i1ab_hZhoqabf2e(Z]avj�t fJw!�2}brpndabt(~�rpt1i�o]^d�'}babndr Z]abt(~�avZ]_�jpf�$h^`nAZ]_�Zhj
rpnq\1ab^dup^ ~pj�rp}b_�_]e1nq\0rp_*o]^`i1e1nA^`i0}br Zh^`t1nAw Zhj�nd}bav^`tJZ]_dc¢oq^`i1e1t1i1rpt2nAw rpt1iGnAj�t2nde(o]o]^`tJZ*�1o]j�nA^`_]_]abt1~(�
! \(^*r �1�2}�abndr Z]avj�t�t(^d~pjpZ]abr Zh^`_ � avZ]\�Z]\(^ � ^d�&jpZ]_�uEabr3Z]\(^ "�j�g�rpi ��r o5*p^dZh�2}brpnA^�y>jpo�Z]\1^Ooq^`_hj�e(oqnA^`_
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rpi1g abt1ab_hZho@r Z]avj�t�jpy{Z]\1^ � ^d�LjpZ]_ � avZ]\1abt�Z]\1r Z y>^`i(^do@r Z]avj�t �
Y�nd}bav^`tJZ ��ab_]\1abt1~ Zhj*jpf1Z]rpabt:r*_]^do]uEa�nA^�nAj�tJZ]rpnAZ]_NZ]\1^�nA^`t�Zhoqrp}(_]^do]uEa�nA^�i1avo]^`nAZhjpo]wpcpZ]\1^ �N^`}b}vj ���{r ~p^`_`c
� abZ]\ Z]\(^ � ^`}b} % *Et(j�� t�_]^do]uEa�nA^�t1rpg:^p� ! \(^ �N^`}b}bj � ��r ~p^`_*rp_]_hj�ndabr Zh^`_OZ]\1ab_ t1rpg:^.� avZ]\ r�_h�L^`nda��'n
r �1�'}babndr Z]avj�t rpt1i0oq^dZ]e(oqt1_3r�oq^dy>^do]^`t2nA^!Zhj|rpt r �1�2}ba�ndr Z]avj�t0nAj�tJZ]rpnAZ:jpf�$h^`nAZ ��_h^d^4_h^`nAZ]abj�t �E���E� � �@�
! \1^�nd}bab^`t�Z!Z]\(^`t
t(^d~pjpZ]abr Zh^`_ � abZ]\ Z]\(^|nAj�tJZ]rpnAZ4jpf�$ ^`nAZ�yCjpo�Z]\(^�_]^do]uEa�nA^�� \2abnq\�ab_�e1}vZ]abg�r Zh^`}bw
�1oqj u�abi(^`i�u�abr�r�_h^doquEabnA^�jpf�$h^`nAZ ��r ~�rpabt�_h^d^m_h^`nAZ]avj�t �E���E� � �@� ! \(^ � jEndr Z]avj�t ! r f2}v^ � j�ndr Zhjpo � � ! � �
*p^d^d�2_ Zhoqrpn-*�jpy Z]\(^ � jEndr Z]abj�t ! r f2}v^`_dc � \1abn@\�r o]^Oabt�Z]e(o@t�e1_h^`i Zhj�Zhoqrpn-*�Z]\(^ }bjEndr Z]avj�t!jpyLZ]\(^ oq^`_hZ
jpy rpt r �1�'}babndr Z]avj�t
 _ g�jpf2ab}v^mjpf�$h^`nAZ]_d�

! \1^!o]^`g rpabt1i(^do�jpy�Z]\1ab_3nq\1r �2Zh^do3�2o]^`_h^`tJZ]_�Z]\1^!^`nAj�t(j�g abn oq^`_hj�e(oqnA^�g�rpt1r ~p^`g:^`tJZ�g:j�i(^`}�e2_h^`i
abt "�j�g�rpi c(yCj�}b}vj�� ^`i�fEw�r�g:jpoq^li(^dZ]rpab}v^`i�fLjpZhZhj�g�%xe(� i(^`_qnAoqav�1Z]avj�t�jpy�Z]\(^*uSr o@avj�e1_�nAj�g:�Lj�t(^`tJZ]_d�
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! \(^`_h^!abt1nd}be1i1^
�*Z]\(^ r �1�2}�abndr Z]avj�tGr oqn@\1avZh^`nAZ]e(oq^pc�Z]\(^!~�}vjpf2rp} "�j�g�rpi _h^do]u�abnA^ r oqn@\1avZh^`nAZ]e(o]^pc rpt1i
Z]\(^ � ^d�LjpZ r oqn@\1avZh^`nAZ]e(o]^p�

����� � � � ��� � � � � 	 � � ���
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! o@rpi1avZ]avj�t1rp}�}vw4o]^`_hj�e(o@nA^�g�rpt1r ~p^`g:^`tJZ�ab_me1t1i1^do]Z]r0*p^`t fJw�Z]\(^:jp�L^doqr Z]abt1~�_]wE_hZh^`g � � t Z]\1ab_Oo]j�}v^pc
avZ�\1rp_�Z]\(^�nAj�t�
'abnAZ]abt(~ ~pj�rp}b_�jpy�jp�2Z]abg�ab_]a�t(~GZ]\(^�o]^`_hj�e(o@nA^ rp}�}vjEndr Z]abj�t
yCjpo�Z]\(^ ^`t�Z]avoq^�_hw�_hZh^`g
� ��� ��� � � � � �3rpt1i0yCjpo�^`rpnq\�r �1�'}babndr Z]avj�t�� �1��� � � � � �@� ! \1a�_�ab_3i1a "!nde2}vZ�rp_3Z]\(^�jp�&^do@r Z]abt(~ _]wE_hZh^`g ab_
t(^`avZ]\(^domr���r o]^:jpy c¢t(jpom�1oqavuEw�Zhj(c Z]\(^:t(^d^`i1_Ojpom~pj�rp}b_mjpyN^`rpn@\Gr �1�2}ba�ndr Z]avj�t �mY _hj�}be(Z]abj�t�Zhj�Z]\1ab_
�1o]jpf2}b^`g ab_�Zhj|_h^d�2r oqr Zh^�Z]\(^4}vj�ndrp}�jp�1Z]a�g�ab_]r Z]avj�t0y>oqj�g Z]\(^�~�}vjpf2rp} jp�1Z]abg ab_]r Z]avj�t c�Z]\1r Z�ab_dc�Z]\(^
r �1�2}ba�ndr Z]avj�t:g�e2_hZNt(^d~pjpZ]abr Zh^�y>jpo Z]\(^ o]^`_hj�e(o@nA^`_�avZ o]^`�Ee1avoq^`_�y>o]j�g Z]\(^ _hw�_hZh^`g6j�t2� \1abn@\:avZ)� ab_]\1^`_
Zhj�^���^`nde(Zh^ � �)(�( �W�
! \1ab_{ab_�_]abg ab}br o{Zhj*Z]\(^��1o]jpf2}v^`g[jpy&rp}b}vj�ndr Z]abt(~��'t1avZh^Ho]^`_hj�e(o@nA^`_�j up^do rpt:a�t1i(^d�L^`t1i(^`tJZR�Ljp�2e1}�r Z]avj�t
� rp_�yCrpnA^`i�fEwmrp}�}�\Ee1g�rptl_hj�ndav^dZ]av^`_`� �(jpo{^��(rpg:�2}v^pc r�y�r oqg:^do � ab_]\(^`_¢Zhj ~p^dZ{Z]\(^�fL^`_hZ¢�2oqabnA^ yCjpo{\1a�_
� \(^`r Zdc � \1ab}v^�Z]\(^ f2r0*p^do � a�_]\(^`_�Zhj��'r`w:}v^`_]_d� ! \(^�_hj�}be(Z]avj�t2_�ZhjlZ]\1ab_Nrpt2i:o]^`}br Zh^`i �1o]jpf2}v^`g _ \1r`up^
fL^d^`t4o]^A�'t(^`i fJw4g�rptJw�wp^`r oq_ jpy \Ee1g�rpt nAj�g:�L^dZ]avZ]avj�t rpt1i y>jpoqg _�Z]\(^lf'rp_]ab_ jpy�^`nAj�t(j�g�a�nd_��,%
���W�
! \1ab_ �H^`}b} yCj�e1t1i1^`i rpt1i e1t2i(^doq_hZhjEjEi Zh^`nq\1t1a��Je(^*jpy�� � � � � � � � � � � ����� � \2rp_ }vj�t(~:fL^d^`t r �1�2}bav^`i�Zhj
Z]\(^l�1oqjpf2}v^`g jpy rp}b}vj�ndr Z]abt(~��'t1abZh^mnAj�g��2e(Z]r Z]avj�t1rp}¢o]^`_hj�e(oqnA^`_ � �)( � �W�
! \(^�^`nAj�t(j�g�abnOg:j�i(^`}'a�_ rp}b_]j��Lj �H^do]y�e1}1^`t(j�e1~�\!Zhj3�1o]jXuEa�i(^�r3g:^`nq\2rpt1ab_]g4c � avZ]\2� \1abn@\ Zhj�_hj�}vup^
r tEe1g�f&^do�jpy jpZ]\(^doO�1o]jpf2}v^`g _ o]^`}br Z]abt1~ Zhj Z]\1^�fL^`\1r`u�avj�e(o�jpy ^`t�Z]abZ]av^`_ ��avZ]\1abt�Z]\(^3_hw�_hZh^`g4� �mt1^
_]e1n@\��2o]jpf2}v^`g[abt�jp�&^`t�g:jpf'ab}v^ _]wE_hZh^`g _{a�_{\1j � Zhjm�1o]^dup^`tJZ�g�jpf2ab}v^ jpf�$ ^`nAZ]_�yCo]j�g#g�rp}ba�ndavj�e1_]}vw �Cjpo
jpZ]\(^do5� a�_h^ ����rp_hZ]abt1~�jpomjXup^do+%xe1_]abt1~�oq^`_hj�e(oqnA^`_Oj�t|r�\(j�_hZOZ]\(^dw r oq^3u�ab_]abZ]abt(~(� ! \1ab_�ab_O^`_h�L^`ndabrp}b}vw
r!nAj�t2nA^doqt�� \(^`t Z]\(^�\(j�_]ZOrpt1i jpf�$h^`nAZ*\1r`up^:i1a��L^do]^`tJZ�rpi1g abt1ab_hZho@r Z]avup^�i(j�g�rpa�t1_�jpomj ��t(^doq_]\1ab�¢�
� r Z]\(^do*Z]\2rpt�i1^`_]av~�t1abt1~ r�_hwE_]Zh^`g Z]\1r Zm�1o]^`i1abnAZ]_�Z]\(^3^`t�Z]abo]^�oqrpt(~p^�jpyN�Lj�_]_]avf'}v^�rpnAZ]avj�t1_*rpt r �'%
�2}babndr Z]abj�t�g�av~�\JZ�Z]r0*p^pc(rpt1i Z]\(^`t �L^doqg avZ]_ jpoHy>jpo]f'abi1_�Z]\(^`_h^mrpnAZ]avj�t1_Hi(^d�L^`t1i1a�t(~mj�t Z]\(^��1o]jpf2r f'}v^
abg:�2rpnAZ3j�t Z]\(^�_hwE_]Zh^`g4c �'t1rpt2ndabrp}�abt2nA^`t�Z]avup^`_ �,� � ��ndrpt fL^�e2_h^`i0Zhj|nAj�tJZho]j�}�Z]\(^�fL^`\1r`u�avj�e(o3jpy
^`t�Z]abZ]av^`_ � avZ]\1a�t�Z]\(^*_hw�_hZh^`g4�NYOt�^���rpg��2}v^OjpyRZ]\1ab_�ab_HZ]\(^*i(^`t2abrp}2jpy{_h^do]u�abnA^*r ZhZ]rpn5* � \1a�nq\ c�avy¢Z]\(^
abt1_hZ]ab~�r Zhjpo ab_ nq\2r o]~p^`i yCjpo Z]\(^lrpnAZ]e2rp}¢o]^`_hj�e1oqnA^`_�nAj�t1_]e2g:^`i abt�Z]\(^�r ZhZ]rpn5*&c'fL^`nAj�g:^`_�a�t(y>^`rp_qavf2}v^p�
! \(^�a�t1nA^`t�Z]abup^`_�abt Z]\(^�nAj�t1_]Zhoqe1nAZ]avj�t�jpy Z]\(^�^`nAj�t(j�g abn�_hw�_hZh^`g�r o]^�i1^`_]av~�t(^`i _qe1nq\�Z]\1r ZOabZ ab_ a�t
rpt�^`t�Z]avZ w  _ � � � ������� � � � � � Zhj�fL^`\1r`up^:abt�r�i(^`_]avo@r f2}v^ ��r`w � �����W� � t(y>o@rpnAZ]avj�t1_OnAj�_hZmo]^`rp}�nde(o]o]^`t1nAwpc
rpt1i0rp_3r�nAj�t2_h^`�Je1^`t1nA^ f2rpi2}vw f&^`\2r`u�abt(~4^`tJZ]avZ]av^`_3_]e��L^do�r oq^`rp} �'t1rpt2ndabrp}N}vj�_]_�rpt1i0r oq^!e1t1r f'}v^
ZhjGe(Z]ab}ba�_h^ rpi1i1abZ]avj�t1rp} o]^`_hj�e(oqnA^`_�j�t2nA^4Z]\(^`avo�nde(o]o]^`t1nAw ab_3^��E�L^`t1i1^`i � ! \1ab_�ab_3t(jpZ�r nAj�g:�2}v^dZh^
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�2rpt2rpnA^`r�c2rp_�Z]\(^*_hw�_hZh^`g g�e1_]Z�_]Z]ab}b}'^`t1_]e(o]^OZ]\1r Z�Z]\(^m^`tJZ]avZ]av^`_ � avZ]\1a�t Z]\(^*_hw�_hZh^`g r o]^*�1oqjpZh^`nAZh^`i
yCo]j�g[jpZ]\(^do yCjpoqg�_�jpy'abtJZh^do]yC^do]^`t1nA^pc�rpt1i3Z]\1r Z�Z]\(^H�2r`w�g:^`tJZ rpt1i�t(^d~pjpZ]abr Z]avj�t:_hw�_hZh^`g�_�r o]^ _h^`nde1o]^p�
! \2ab_ ab_ r�nAj�t1_qabi(^doqr f2}bw�^`rp_]av^do��1o]jpf2}v^`g Z]\2rpt4Z]\1r Z abtJupj�}vu�abt(~�Z]\(^lt(j�t'%W^`nAj�t(j�g�abnlr �2�1o]j�rpnq\¢�
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! \1^ " j�g�rpi!g�abi1i2}v^ �Hr oq^Hr oqn@\1avZh^`nAZ]e(oq^ nAj�t1_]ab_]Z]_ jpyLZ]\(o]^d^�_h^d�2r o@r Zh^�}br wp^doq_dc�Z]\1^ � ^d�LjpZ�}�r`wp^do`cJZ]\(^
e1t2avy>w�abt(~ "�j�g�rpi ��^do]uEa�nA^ }br`wp^do3rpt1iGZ]\1^ Y �2�2}babndr Z]avj�t|}�r`wp^do`� ! \(^`_]^ }br`wp^do@_�r o]^�ab}b}be1_]Zhoqr Zh^`i|abt
�2~�e1o]^ �E���E�

Applications

Depot

Operating System

Physical Machine

Nomad Service Layer

Operating System

Physical Machine

Depot

client service
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YOt r �2�2}babndr Z]avj�t ab_ r nAj�\(^`_]abup^�nAj�}b}b^`nAZ]avj�t
jpy�jpf�$ ^`nAZ]_�rpt1i�ab_!_hZhoqe1nAZ]e(oq^`i rp_�r0_]^dZ!jpy�g�jpf2ab}v^
nd}be2_hZh^doq_d� &�rpn@\�r �1�2}babndr Z]abj�t ab_ o]^`_h�Lj�t1_]abf2}v^ yCjpo � abt1avZ]abr Z]a�t(~lt(^d~pjpZ]abr Z]avj�t�yCjpo oq^`_hj�e(oqnA^`_dc(i1abo]^`nAZ]abt(~
Z]\(^�i1ab_]Zhoqavf2e(Z]abj�tmjpy2avZ]_{nd}be1_hZh^doq_`c \2rpt1i1}babt1~�e1t(o]^`nAjXup^doqr f2}v^HyCrpa�}be(o]^`_dcSrpt1i3g�rpabtJZ]rpabt1abt(~ �2r o]ZRjpy2Z]\(^
}vj�ndr Z]avj�tG_]^do]uEa�nA^p��Y��1�2}�abndr Z]avj�t1_O�1o]jXuEa�i(^:_h^do]u�abnA^`_*Zhj�nd}bab^`t�Z]_dc�rpt1i|g�r`w�Z]\(^`g�_]^`}vup^`_lfL^:nd}bav^`tJZ]_
jpy�jpZ]\(^do r �2�2}babndr Z]avj�t2_d�
! \1^ "�j�g�rpi }�r`wp^do*_h^do]u�abnA^`_�^���^`nde(Zh^�j�t Z]\1^3t(^dZ � jpo-*4jpy � ^d�&jpZ]_Orpt1i r o]^�oq^`_h�Lj�t1_]avf2}b^OyCjpoO�1o]j0%
u�abi1abt1~!r�nAj�t1_]ab_hZh^`tJZm~�}vjpf2rp}�abt(yCoqrp_hZho@e1nAZ]e(o]^�Zhj�r �2�2}babndr Z]avj�t2_ rpt1i � ^d�LjpZ]_d� ! \1a�_ abt(yCoqrp_hZho@e1nAZ]e(o]^
abt2nd}be1i(^`_Ho]^`_hj�e1oqnA^�t(^d~pjpZ]abr Z]abj�t c2}vj�ndr Z]avj�t�_]^do]uEa�nA^`_�rpt1i r:�'r`w�g:^`t�Z�_h^do]u�abnA^p����^`_]j�e(oqnA^�t(^d~pjpZ]a�r�%
Z]avj�t�abt2nd}be1i(^`_¢g�^`nq\1rpt1a�_]g�_{y>jpo��L^do]yCjpoqg�abt1~�t(^d~pjpZ]abr Z]avj�t c�^`t1_]e(oqa�t(~�Z]\(^�abtJZh^d~poqavZxw�jpy2t(^d~pjpZ]abr Z]avj�t2_
rpt1iG�&j�}�abndabt(~�nAj�t�ZhoqrpnAZ3nAj�g:�2}ba�rpt1nA^p� ! \(^:}vj�ndr Z]avj�tG_h^doquEabnA^�e2t1a��2^`_OZ]\(^�}vj�ndr Z]avj�tG_]^do]uEa�nA^�nAj�g�%
�Lj�t(^`tJZ]_dc1g�rpabtJZ]rpabt(^`i fJw�r �1�2}ba�ndr Z]avj�t1_dc(abtJZhj:j�t(^�nAj�\(^`_qavup^l~�}vjpf2rp} _]Zhoqe1nAZ]e(o]^p�
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Y � ^d�&jpZ{ab_RnAj�g��1oqab_h^`iljpy1r _h^dZ�jpy(�2\�w�_]abndrp}�o]^`_hj�e(oqnA^`_{rpt1i�rpt�rp_]_]jEndabr Zh^`i3g�rpt1r ~p^do �8& rpnq\ � ^d�&jpZ
ab_¢oq^`_h�Lj�t1_]avf2}b^{yCjpo �{_]e(�1�Ljpo]Z]abt1~�nAj�g��2e(Z]r Z]avj�t3rpt1i3nAj�g�g�e2t1abndr Z]avj�t c abg:�'}v^`g:^`tJZ]abt(~�_h^`nde(o@avZxwlrpt1i
yCrpe2}vZ�i(^dZh^`nAZ]avj�t¢c{�2o]j u�abi1abt1~�_]Zhjpoqr ~p^4rpt1i0g:jpf'ab}bavZ wpc�rpt1i0o]^`_h�Lj�t1i1abt1~�Zhj�t(^d~pjpZ]abr Z]avj�t o]^`�Ee(^`_hZ]_d�
� ^d�&jpZ]_Hg�rpt1r ~p^OZ]\(^`g�_]^`}vup^`_�u�abr��&j�}�abndav^`_)� \2abnq\�r oq^O_h�L^`nda��'^`i:fJw�r�\Je2g�rpt g�rpt2r ~p^do`cErpt2i!g�r w
abt1nd}be2i(^OnAjEjpoqi1a�t1r Z]avj�t � avZ]\�jpZ]\1^do � ^d�LjpZ]_ abt�Z]\(^l_qrpg:^�rpi1g�a�t1ab_hZhoqr Z]abup^ � j�g�rpa�t �
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Y�t|r �2�2}babndr Z]avj�t�abt "�j�g�rpi|ab_Oo]^`�Ee1avo]^`i Zhj abg:�2}b^`g:^`t�Zmr�Z,�Hj0%x}v^dup^`}�nAj�tJZ]rpnAZ&%x_h^do]u�abnA^�jpf'$ ^`nAZl\1a %
^doqr oqn@\�wpc
� \1abn@\ ab_*i(^`_]nAoqabf&^`i abt|_]^`nAZ]avj�t �E���E� � c�rpt1i|ab_*nAj�g:�Lj�_h^`i|jpy�r _h^dZ*jpy�g:jpf2a�}v^:nd}be1_hZh^doq_`c
rp_ i(^dZ]rpa�}v^`i abt4_h^`nAZ]abj�t �E���E���E� ! \(^lr �1�2}�abndr Z]avj�t�^����&^do@av^`t1nA^`_ Zhoqrpt2_h�2r o]^`t1ndab^`_dc1_h^d^�_h^`nAZ]abj�t �E���E� 	Ec
� \1ab}b^N^��E^`nde1Z]abt(~ � avZ]\1abt " j�g rpi c�rpt1i3t(^d~pjpZ]abr Zh^`_)� abZ]\ � ^d�LjpZ]_{uEabr�Z]\(^ " j�g rpi:t(^d~pjpZ]abr Z]avj�t�_h^do+%
uEa�nA^*Zhj i1ab_hZho@avf2e(Zh^OZ]\(^`_h^�nd}�e1_hZh^doq_�a�t�o]^`_h�Lj�t1_h^mZhj nd}bab^`t�Z�t(^d^`i2_dc2rp_�i(^`_qnAoqavfL^`i�abt4_h^`nAZ]avj�t?�E���E�,�(�
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Y �2�2}babndr Z]avj�t�_h^doquEabnA^`_�Zhj�nd}bav^`tJZ]_�r o]^li(^`}babup^do]^`i�fJw�r�_h^dZ jpy�_h^do]u�abnA^*jpf�$h^`nAZ]_dc1f2e1ZHZ]\1^m�2oq_hZ��Lj�abtJZ
jpy�nAj�tJZ]rpnAZ�fL^dZ,�H^d^`t�rpt�r �1�2}ba�ndr Z]avj�t rpt2i abZ]_3nd}�av^`t�Z]_�ab_�Z]\(^ �H^`}b} *Et(j�� t r �1�2}ba�ndr Z]avj�t nAj�tJZ]rpnAZ
jpf�$h^`nAZd� !m}vjpfL^l\1rp_�r�_]abg ab}br o abi(^`r�c'� abZ]\4avZ]_�nAj�tJZ]rpnAZ&%W�&j�a�t�Z � �)( 	��Wc1f2e1Z Z]\1ab_�ab_�up^doqw�g3e1n@\�g:jpo]^
}babg�abZh^`i�a�t�yCe1t2nAZ]avj�t1rp}bavZ wp�
! \(^�nAj�t�Z]rpnAZ�jpf�$h^`nAZ3t1^d~pjpZ]abr Zh^`_	��� avZ]\Gnd}bab^`t�Z]_dc rpt1i i(^dZh^doqg�a�t(^`_�\(j��/Z]\1^ o]^`�Ee1avo]^`i0_h^do]u�abnA^!ab_
Zhj4fL^3i(^`}�avup^do]^`i � ! \2ab_�nd}�av^`t�Z&%x_]^do]uEa�nA^3t(^d~pjpZ]a�r Z]avj�t|ab_mi1a��L^do]^`tJZOyCo]j�g�Z]\(^�o]^`_hj�e1oqnA^:t(^d~pjpZ]abr Z]avj�t
�1o]jXuEabi1^`i4fJw4Z]\1^ "�j�g�rpi t1^d~pjpZ]abr Z]avj�t _h^do]u�abnA^�}br wp^do*rp_�i1a�_]nde1_]_h^`i�abt _h^`nAZ]avj�t �E�,�(� � ��Y6nAj�tJZ]rpnAZ
jpf�$h^`nAZ{yCjpo�r�_h^doquEabnA^�g�r wpc�y>jpo�abt1_]Z]rpt1nA^pc j��&^doNi1a �&^do]^`tJZ�}b^dup^`}b_Rjpy'_h^do]u�abnA^pcp~pj�}bi cp_]ab}bup^do�rpt1i�f1o]j�t��d^
� yCjpo � \1abn@\4avZ�� ab}�}&n@\1r o]~p^3rpndnAjpoqi1abt(~�}bwp�
�mt1nA^ t(^d~pjpZ]a�r Z]avj�t \1rp_�fL^d^`t�_]e1ndnA^`_q_hyCe2}b}vw0nAj�g:�'}v^dZh^`i c�Z]\1^ nAj�t�Z]rpnAZ!jpf�$ ^`nAZ o]^dZ]e(oqt1_�r|_h^doquEabnA^
jpf�$h^`nAZ�abtJZh^do]y�rpnA^�Zhj Z]\1^�nd}bav^`tJZd�HsO_]abt1~�Z]\1ab_�a�t�Zh^do]y�rpnA^pc2Z]\1^�nd}bav^`tJZ�Z]\(^`t�Zhoqrpt1_h�2r oq^`t�Z]}vw4abtJZh^doqrpnAZ]_
� avZ]\�Z]\(^�_h^do]u�abnA^*jpf�$h^`nAZ�o]^d~�r oqi1}b^`_]_ jpy{Z]\(^�_h^do]u�abnA^*jpf�$h^`nAZ  _OrpnAZ]e1rp}¢}vj�ndr Z]avj�t �
! \1ab_�i1a�_hZ]abt1nAZ]avj�t fL^dZ,�H^d^`t nAj�tJZ]rpnAZ jpf�$h^`nAZ]_�rpt1i�_h^doquEabnA^�jpf�$h^`nAZ]_�ab_�oq^`�Je1abo]^`i0ZhjGrpi2i(o]^`_]_�Z]\(^
i(w�t1rpg�abnlnAj�t(�2~�e(oqr Z]avj�t jpy�rpt�r �1�2}ba�ndr Z]avj�t�rpt1i�avZ]_Or f2ab}babZxw�Zhj�g�^d^dZ��me2rp}bavZxw�jpyH��^do]uEa�nA^ � �OjJ� �
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o]^`�Ee1avoq^`g:^`t�Z]_`� � jpZ]\|_]^do]uEa�nA^3rpt1i nAj�tJZ]rpnAZljpf�$h^`nAZ]_lr o]^3�LjpZh^`t�Z]abrp}�}vw o]^d�2}�abndr Zh^`i ��avZ]\1abt�Z]\(^:r �'%
�2}�abndr Z]avj�t c{rpt1iGZ]\(^�e1_h^�jpy yCjpoqg�rp} nAj�t�Z]rpnAZ�jpf�$h^`nAZ]_�rp}b}vj�� _lZ]\(^�r �1�2}ba�ndr Z]avj�t|Zhj i2ab_hZhoqavf'e(Zh^�Z]\(^
nd}bab^`t�Z�}vj�rpi j up^domavZ]_ _h^do]u�abnA^*jpf�$h^`nAZ]_dc2jpo�abt1i(^d^`i�o]^`i1^d�2}vj w!jpo�nAo]^`r Zh^�rpi1i1avZ]avj�t2rp} _h^do]u�abnA^*jpf�$h^`nAZ]_
j�t i1^`g�rpt1i �
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! \1^�i1ab_]Zhoqavf2e(Z]abj�t�jpy�nde(o]o]^`t2nAw rpg:j�t(~�_hZmZ]\(^3jpf�$h^`nAZ]_�jpy rpt�r �2�2}babndr Z]avj�t ab_ r �2�2}babndr Z]avj�t i(^d�L^`t�%
i(^`tJZdc(\(j �H^dup^do j�t(^O�LjpZh^`t�Z]abrp}&g:^`n@\1rpt1ab_]g ab_ Zhj:e(Z]ab}bab_]^�rpt�a�t�Zh^doqt2rp}2nde(o]oq^`t1nAw�i1ab_hZho@avf2e(Z]avj�t�Zho]^d^p�
�E�'r�� t � �)( � � e1_h^`_*Z]\2ab_lg:^`n@\1rpt1ab_]g rpt1i|yC^d^`i1_*y�e1t1i1_*i(j�� t|Z]\(oqj�e(~�\|Z]\(^�r �1�'}babndr Z]avj�t|rpt1i0avZ]_
_]e1f1Z]rp_+*�_�abt i1a�_]nAo]^dZh^le1t1abZ]_dc�� \1abn@\ r o]^ly�e(o]Z]\(^do�i2avuEa�i(^`i�r Z ^`rpnq\�f1oqrpt1n@\ ��Y[o]^`_h^doqupj�avo jpy{yCe2t1i1_
ab_�o]^dZ]rpabt(^`i�fEw�Z]\(^*o]jEjpZ�Zhj nAjp�L^ � avZ]\4_q\(jpo]Z&%WZh^doqg ndrp_q\�% 
2j � �1o]jpf2}b^`g�_d�
z
\(^`t0r �2�2}babndr Z]avj�t0abt1nAj�g:^ a�_lnAj�}b}v^`nAZh^`i0fJw Z]\(^�nAj�t�Z]rpnAZ3jpf�$h^`nAZdc{Z]\2ab_lg:^`n@\1rpt1ab_]g ndrptGfL^�^�� %
Zh^`t1i1^`i Zhj yC^d^`i�a�t1nAj�g:^�nAj�}b}b^`nAZh^`i r Z�Z]\(^�}v^`r up^`_�f'rpn5* e(� Z]\1^lZho]^d^p� ! \1ab_ ab_�rpt�a�i(^`rp}¢_hZhoqe2nAZ]e(o]^
yCjpo i1ab_]Zhoqavf2e(Z]a�t(~�y�e1t1i1_ ��avZ]\1abt�rpt�r �1�'}babndr Z]avj�t �
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Y6nd}be2_hZh^do�oqr Z]\(^do�Z]\1rpt�rpt�jpf�$h^`nAZ�ab_ Z]\1^ "�j�g�rpi�e1t2avZ jpy g:jpf2ab}babZxwp� YOt�r �2�2}babndr Z]avj�t�nAj�g:�Lj�_h^`i
jpy jpf�$h^`nAZ]_�g�e2_hZ�fL^ r f2}b^ Zhj�g�rpt1av�2e2}br Zh^�rp}b}1jpy¢abZ]_Njpf�$h^`nAZ]_d� � t g:j�_]Z�jpf�$h^`nAZ jpo@av^`t�Zh^`i�}brpt(~�e2r ~p^`_
Z]\1a�_ abg��2}bav^`_�f&^`a�t(~�r f2}b^�Zhj:}vj�ndr Zh^*rpt1i�f2abt1i Zhj��Ee1avZh^m_]g�rp}�}2jpf�$h^`nAZ]_ _]e1n@\�rp_ � tJZh^d~p^doq_d���(jpo�i1ab_&%
Zhoqabf2e(Z]avj�t cEZ]\1ab_�ab_�~p^`t1^doqrp}b}vw!ZhjJj��'t1^�%W~poqrpabt(^`i c�rpt1i�Z]\(^l_qg�rp}b}v^`_hZ g:^`rpt2abt(~py�e1}'e2t1avZHy>jpo�g:jpf'ab}bavZ w
� a�}b}�nAj�t2_]ab_hZOjpy�j�t(^�jpolg:jpoq^:jpf�$ ^`nAZ]_ ��\1abnq\��1oqj u�abi(^�_hj�g:^�^`t1ndr �2_]e2}br Zh^`i yCe2t1nAZ]avj�t1rp}babZxwp����e1n@\
rpt4^`t2ndr �2_]e1}br Zh^`i ~po]j�e(�2abt1~�a�_�r ��� � � � ���@�
Y5nd}be2_hZh^do3rp}�_hj��1oqj u�abi(^`_�rpt rpi1i(o]^`_q_�_h�'rpnA^ Z]\1r Z�rp}b}vj�� _lo]^dyC^do]^`t1nA^`_ � avZ]\2abt|Z]\(^�nd}be1_hZh^do�Zhj fL^
\1rpt2i1}v^`i fEw Z]\(^!abg:�2}v^`g�^`t�Z]r Z]avj�t|}�rpt(~�e1r ~p^  _�g�^`nq\1rpt1a�_]g�_d��Y t(^ � jpf'$ ^`nAZ�a�_*nAo]^`r Zh^`i ��avZ]\1abt
r4nd}be2_hZh^do*rpt1i�o]^`g�rpabt1_ � abZ]\1abt Z]\1r Z*nd}be1_hZh^do*yCjpo*avZ]_*}bavyC^dZ]abg:^p� ��Y/nd}vj�t(^�jpy�Z]\(^:jpf'$ ^`nAZ*g�r w fL^
nAo]^`r Zh^`i�abt4r:i1a �&^do]^`tJZ�nd}be1_]Zh^do`� ��Y[nd}be1_hZh^do g r`w�jpo g�r w�t1jpZ nAj�t�Z]rpa�t Z]\(o]^`rpi2_�jpy�abZ]_ j � t¢�
�Of'$ ^`nAZ]_�abt3i1a��L^do]^`tJZ�nd}be1_]Zh^doq_�r oq^�a�t�i1a �&^do]^`tJZ�rpi2i(o]^`_]_{_h�2rpnA^`_d�)"�j�g�rpi3�1o]jXuEabi1^`_�g:jpf'ab}v^�oq^`g:jpZh^
g:^dZ]\1jEi�abtJupjEndr Z]avj�t�� � ��������_hj!Z]\2r Z�rpt jpf�$ ^`nAZmabt4j�t1^3nd}be2_hZh^do�g�r w abtJupj *p^3r!g:^dZ]\(j�i�j�t�rpt
jpf�$h^`nAZ abt3r�i1a �&^do]^`tJZ�nd}be1_hZh^do�abt1i(^d�L^`t1i1^`t�Z¢jpy2^`avZ]\(^do�jpy1Z]\(^�nd}be1_hZh^do@_  X�'\�w�_]abndrp}J}vjEndr Z]abj�t1_d� � � � �
rp}b_]j�o]^df2abt2i1_ }bj � }b^dup^`}¢t(^dZ,�Hjpo5*4nAj�t1t(^`nAZ]abj�t1_�� \(^`t�rpt4jpf�$h^`nAZ g:j up^`_`�
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Y�t!r �1�2}ba�ndr Z]avj�t�nAj�tJZho]j�}b_HavZ]_ j ��t!i1a�_hZhoqavf2e1Z]avj�t cprpt1i�ab_�^��E�L^`nAZh^`i!Zhj�g:^d^dZHnd}bav^`tJZ �OjJ��i(^`g�rpt1i1_`�
��jXuEa�t(~ nd}vj�_h^do*Zhj Z]\1^�nd}�av^`t�Z*jpolr�� �E^`i o]^`_]j�e(oqnA^�ab_mr �H^`}b}�o]^`nAjp~�t1ab_]^`i Zh^`nq\1t1a��Je(^�Zhj abg��1o]j up^
�L^do]y>jpo@g�rpt1nA^ � '>��c �
�pc '����W�

Y�t r �1�2}babndr Z]abj�t:nAj�e1}bi:fL^�_hZhoqe2nAZ]e(o]^`i:abt�rluSr oqab^dZxw�jpy ��r`w�_dc�avZNnAj�e1}bi g�rpabtJZ]rpabt:r*�LjJj�}1jpy&_h^doquEabnA^
jpf�$h^`nAZ]_dc jpy ��\1abnq\ Z]\(^ nd}vj�_h^`_hZ4ab_�e1_h^`i Zhj�_h^do]u�abnA^ r nd}bab^`t�Zdc�jpo4avZ�nAj�e1}bi�nAo]^`r Zh^|o]^d�2}�abndrp_�j�t
i(^`g�rpt1i¢� ! \(^`_h^ _hZhoqe1nAZ]e(oq^`_:o]^`�Ee1avo]^4Z]\(^ i1ab_hZhoqabf2e(Z]avj�t �1o]j�nA^`_]_:Zhj jEndnde(o�r Z i1a��L^do]^`tJZ:Z]abg:^`_dc
� � � � 
 � ��� 
 � � � rpt1i ��� � � 
 � � � �
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! \(^�r �1�2}ba�ndr Z]avj�t g rpabt�Z]rpa�t1_�r �LjJj�} jpy�i2ab_hZhoqavf'e(Zh^`iG_h^do]u�abnA^�jpf�$h^`nAZ]_�y>o]j�g � \2abnq\ avZ�r ZhZh^`g:�1Z]_
Zhj�_]r Z]ab_]y>w�t(^ � rpt1i ^��(ab_hZ]abt(~4nd}bab^`t�Z]_d� �mt2nA^3Z]\1^�r �1�2}babndr Z]abj�t�i1^dZh^doqg�abt(^`_mZ]\1^do]^�ab_*abt1_qe&"!ndav^`tJZ
yCe1Z]e(o]^�ndr �2rpndabZxw�abt r _]e1f2_h^dZ�jpy Z]\(^3_h^do]u�abnA^�jpf'$ ^`nAZ]_dcLavZOt(^d~pjpZ]abr Zh^`_Oy>jpomrpt1i nAo]^`r Zh^`_mrpi1i1avZ]avj�t2rp}
_h^do]u�abnA^3jpf�$ ^`nAZ]_`� � y�Z]\(^�^���ab_]Z]abt(~�r �1�2}babndr Z]abj�t _hZho@e1nAZ]e(o]^�ndrpt1t(jpZ*nAjp�L^�� avZ]\�r�_qe1i1i(^`t abt1nAo]^`rp_h^
abt i(^`g�rpt1i c�Z]\(^`t Z]\(^�r �1�2}ba�ndr Z]avj�t0g3e1_hZ3^`avZ]\(^do3o]^dy�e1_h^�t(^ � nd}�av^`t�Z]_�jpo�j��&^do:r�}vj �H^do�}v^dup^`} jpy
_h^do]u�abnA^p�

! \(^��2o]jpf2}v^`g Z]\1^ r �1�2}ba�ndr Z]avj�t|y�rpnA^`_�ab_/� jpo-*Eabt1~4j�e(Z�y�e(Z]e(o]^!nd}bav^`tJZ�}vj�rpi0rpt2iG_]e(f2_]^`�Je(^`tJZ�r �'%
�2}babndr Z]abj�t�o]^`�Ee1avo]^`g�^`t�Z]_d� ��o]^d^`g:�1Z]avup^mi1ab_]Zhoqavf2e(Z]abj�t:ab_ _]^`t1_]avf2}b^�y>jpo�yCo]^`�Ee(^`t�Z]}bw�e1_h^`i�}bav~�\JZ,�H^`av~�\�Z
_h^do]u�abnA^`_dc3� \(^doq^�Z]\(^!a�t1i1avu�abi1e1rp}�_h^dZ]e1� nAj�_hZ ��abt0Z]abg:^�jpo�nde(o]o]^`t2nAw��*^���nA^d^`i1_3Z]\(^!uSrp}�e(^ jpy Z]\(^
_h^do]u�abnA^p�

� � � ��/ 
 ��� � �
�*� 	#� ��� �#� � �

z�abZ]\|j�t0i(^`g rpt1i|i1ab_hZho@avf2e(Z]avj�t¢c&Z]\1^ r �1�2}ba�ndr Z]avj�t|nAo]^`r Zh^`_3rpi1i1avZ]avj�t2rp} r �1�2}babndr Z]abj�t|ndr �2rpndavZxwGa�t
o]^`_h�Lj�t1_h^mZhj�r:t(^ �-nd}bav^`tJZdc(jpo Zhj!g�rpabtJZ]rpabt�^���a�_hZ]abt(~�nd}bab^`t�Z]_d�

! \(^Ot(^d~pjpZ]abr Z]avj�t1_HyCjpoHt1^ � o]^`_]j�e(oqnA^`_HZhj3i1^d�2}vj w�rpi2i1avZ]avj�t1rp}'_h^do]u�abnA^ jpf'$ ^`nAZ]_�rpt1i!jpZ]\(^do r �1�2}ba�ndr�%
Z]avj�t�_hZho@e1nAZ]e(o]^`_Nr oq^�}ba *p^`}vw�Zhjlo]^`_]e1}bZNabt:_hj�g:^�i(^`}�r`w�fL^dy>jpo]^ Z]\1^�nd}bav^`tJZNndrpt�jpf1Z]rpabt�Z]\(^�_h^do]u�abnA^p� Y
_]g�rp}b}Li(^`}�r`w�ab_�rpndnA^d�1Z]r f2}v^�aby¢Z]\(^l_h^do]u�abnA^lab_�r:}vj�t1~3Zh^do@g abtJup^`_hZ]g:^`tJZdc2_]e1n@\4rp_�_hZho]^`rpg:^`i�u�abi(^dj(�
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! \1^do]^�r o]^ t1a�t(^�Zhoqrpt1_h�2r oq^`t1ndav^`_labi1^`t�Z]a��'^`i|abt Z]\(^ �]� � ��� &H�[_hZ]rpt2i1r oqi � � ��� ��rpndnA^`_]_dc }vj�ndr Z]avj�t c
y�rpab}be(oq^pc o]^d�2}babndr Z]abj�t c�_h^`nde(oqabZxwpc�g av~poqr Z]avj�t c oq^`}vjEndr Z]abj�t c��L^doq_]ab_]Zh^`t1nA^ rpt1i�Zhoqrpt2_]rpnAZ]avj�t � ��rpt�w
i1a�_hZhoqavf2e1Zh^`i4_hwE_]Zh^`g�_�rpa�g Zhj!�1o]^`_h^`tJZ ZhjpZ]rp}{Zhoqrpt1_]�2r o]^`t1nAw4Zhj�Z]\(^�r �2�2}babndr Z]avj�t $1Z]\1r Zmab_dc2t(^`abZ]\(^do
rpt�r �1�2}babndr Z]abj�tlt(jpo�abZ]_¢jpf�$h^`nAZ]_�r oq^ r���r o]^Hjpy�Z]\(^ }vj�ndr Z]avj�t�jpy�rptJw*jpf�$h^`nAZ]_dcpabt1nd}be2i1abt(~HZ]\(^`g�_h^`}bup^`_d�
! jpZ]rp}¢Zhoqrpt2_h�2r o]^`t1nAw�\(j�� ^dup^doO}babg�avZ]_HZ]\(^lr f'ab}bavZ w jpy�rpt�r �1�2}�abndr Z]avj�t�Zhj�jpo]~�rpt1a�_h^lavZ]_h^`}vy{abt4r���r`w
Z]\1r Z�ab_mnAj�t1_]ab_hZh^`tJZ � abZ]\�abZ]_m~pj�rp}b_ � �)( � �W� ! \1^�_]wE_hZh^`g ab_*t(jpZ*�1oqabuJw Zhj rp}b}{jpy Z]\(^�a�t(y>jpo@g�r Z]avj�t
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�h� � "�c�^dZ]n � ! \(^ "*�1��ab_�j�t1}vw uSrp}�abi � avZ]\2abt�avZ]_��'r o]Z]abnde1}br o#" � � nAj�t�Zh^���Zdc�rpt2i
\1rp_!t(j0�1oq^�%
i(^A�'t(^`i
_hZhoqe1nAZ]e(oq^p� YO_��Lj�abtJZh^`i�j�e(Z abt � �
���Wc�Z]\(^�_]av~�t2a��'ndrpt1nA^4jpymZ]\1ab_ _hwEtJZ]r��
ab_�a�t � \1r Z ab_
g�ab_]_qabt(~(cNrp_�avZ:ab_3Z]\(^`_]^4j�g�ab_]_]abj�t1_.� \1abn@\ g r0*p^4Z]\(^ s � " �L^doq_qab_hZh^`tJZd� ! \1r Z:ab_`cNZ]\(^do]^ ab_�t(j
nAj�g�g3e1t1abndr Z]avj�t2_ �1oqjpZhjEnAj�}�_h�L^`nda��2^`i¢c't(j�}vjEndr Z]abj�t abt1y>jpoqg r Z]avj�t c't1j �'}b^�_hw�_hZh^`g _hZhoqe1nAZ]e1o]^�rpt1i
t(j:o]^`_hj�e1oqnA^mZxwE�&^la�t(y>jpo@g�r Z]avj�t � YO_�rpt�^���rpg��2}v^*jpy�r:s � "�c1r�fLjEj *!g�r w#�H^`}b} \1r up^lZ]\(^lt1rpg:^pc
��'"5 
 ��� � � 
�������������	
	���������
 cdyCjpo � \1abn@\�Z]\(^�abt(yCjpoqg�r Z]abj�t�oq^dZ]e(oqt(^`i:g�ab~�\�Z)�H^`}b}�fL^ r*i1av~�avZ]rp}(ndr Z&%
rp}vjp~�e(^�^`t�Zho]wp�NY
s � "
nAj�e1}bi!rp}b_hj�rpnAZHrp_�r�Zh^��EZ]e1rp}2o]^d�1o]^`_]^`t�Z]r Z]avj�t!jpy rlZh^`}v^d�'\(j�t(^ tEe1g�f&^do cpy>jpo
^���rpg��2}v^pc ��'%5 
 ;�� �	5 � 
 5�� 
 8 �!�!����5�&����	5 
 �!�!����5�����'��!��' 
 :�'��42 c � abZ]\�Z]\(^�abt(yCjpoqg�r Z]abj�t�o]^dZ]e(oqt(^`i
fL^`abt(~�Z]\(^lZh^`}v^d�'\(j�t(^ltEe1g�fL^do`�

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

(�r uEa�t(~ i1a�_]nde1_]_h^`i Z]\(^�y�e1t1nAZ]avj�t2rp} o]^`�Ee1avo]^`g:^`tJZ]_:jpylr s � " _]nq\(^`g�^pc � ^�t(j � t(^d^`i
Zhj }vjEj *
r Z*Z]\(^�nAjpo]o]^`_]�&j�t2i1abt(~!o]^`�Je2avo]^`g:^`tJZ]_my>jpo*Z]\1^:o]^`_hj�}be(Z]abj�t�_qnq\(^`g:^p� ! \(^:s � "/o]^`�Ee1avo]^`g:^`tJZOy>jpo
�L^doq_]ab_hZh^`t2nA^li1avo]^`nAZ]}vw�abg:�'}bav^`_HZ]\1r Z Z]\1^lo]^`_hj�}be1Z]avj�t _h^do]u�abnA^�g3e1_hZ�nAjp�&^/� avZ]\4fLjpZ]\�g�jpf2ab}bavZ w!rpt1i
^dupj�}be(Z]avj�t¢� � jpf2ab}babZxw�abt3Z]\1a�_{ndrp_]^ o]^	
2^`nAZ]_ Z]\(^ _]abZ]e1r Z]avj�t1_
� \(^doq^�e2_h^doq_�rpt1i�o]^`_hj�e1oqnA^`_ g�r`w3�2\JwE_+%
abndrp}b}vw g�j up^�j up^do*Z]\(^:}baby>^dZ]abg�^ljpyNZ]\(^�s � "�c rpt1i�abt1i1^d^`i�Z]\(^�_h^do]u�abnA^`_OZ]\(^`g�_]^`}vup^`_mg�r`w�g:j up^p�
&Nupj�}be1Z]avj�t0rpndnA^d�1Z]_�Z]\1r Zdc�j up^do�Z]abg�^pc�Z]\(^�abt(yCoqrp_hZhoqe2nAZ]e(o]^�� ab}b}�^dupj�}bup^�abtGZh^doqg�_ljpy�rp}b~pjpoqavZ]\1g�_`c
�1o]jpZhj�nAj�}b_dc��'}b^�%x_hwE_]Zh^`g�_dc(rpe(Z]\(^`tJZ]abndr Z]avj�t4^dZ]n � � t�~p^`t(^do@rp}¢rpt�w�o]^`_hj�}�e(Z]avj�t�_]nq\1^`g:^lg�e2_hZ rp_]_]e1g:^
Z]\1r Z*rpt�w �2r o]ZOjpy�Z]\(^�abt(yCoqrp_hZho@e1nAZ]e(o]^3ab_m_]e(f�$h^`nAZ�Zhj4n@\1rpt(~p^�rpt1i Z]\1r ZlrptJw o]^`_hj�e(o@nA^�a�_�_]e1f�$ ^`nAZ
Zhj g:jpf2a�}bavZxwp�
! \(^ a�g:�2}babndr Z]abj�t�jpy Z]\(^�s � "�y�e1t1nAZ]avj�t1rp}1o]^`�Je2avo]^`g:^`tJZNjpy¢abt1i1^d�&^`t2i(^`t1nA^ ab_NZ]\2r Z�Z]\(^�o]^`_hj�}be(Z]abj�t
_]nq\1^`g:^ g�e2_hZ�_]e(�1�Ljpo]Z�i(^`}v^d~�r Z]abj�t�rpt1i�ab_hj�}br Z]abj�t � � ^`}v^d~�r Z]abj�t rp}b}vj�� _�Z]\(^4o]^`_h�Lj�t1_qavf2ab}babZxw�y>jpo
rp_]_]av~�t2abt(~4s � "�_�rpt1iGoq^`_hj�}vu�abt(~4t1rpg:^`_�Zhj�fL^:�2r o]Z]avZ]abj�t(^`iGrpt1i|�'rp_]_h^`iGj�tGZhj�jpZ]\(^do3_h^d�2r oqr Zh^
^`t�Z]abZ]av^`_d� � _]j�}br Z]avj�t�a�_ t(^d^`i(^`i�Zhj!�L^doqg avZ ^`t�Z]abZ]av^`_dc2Zhj#� \1abn@\�rpe(Z]\1jpoqavZxw4\1rp_�fL^d^`t�i(^`}b^d~�r Zh^`i c'Zhj
jp�L^doqr Zh^ � avZ]\2abt�Z]\(^`avo�i(^`}v^d~�r Zh^`i i(j�g�rpabt � avZ]\(j�e(Z�o]^dyC^do]^`t1nA^�Zhj��L^d^doq_�jpo Z]\(^`abo�i(^`}v^d~�r Zhjpo`�
! \Ee1_�Z]\(^�g�r�$hjpo�o]^`�Ee1avoq^`g:^`t�Z]_�y>jpo r s � " oq^`_hj�}be(Z]avj�t4_qnq\(^`g:^�r o]^
��g:jpf2a�}bavZxwpc�^dupj�}be1Z]avj�t c1i(^`}v^�%
~�r Z]avj�t�rpt2i ab_hj�}br Z]abj�t �
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Resolver
Discovery

Service

ask urn.telecom.co.nz

URN
Resolver

+64−04−555−5555

find urn:phone:nz:wellington:bubendorfer:kris

find urn:phone:nz:wellington:bubendorfer:kris
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s � " o]^`_hj�}be1Z]avj�t�ndrpt:fL^Hf2o]j *p^`t�i(j�� t:abtJZhj*Z,�Hj�_hZh^d�2_%$��'t1i1a�t(~�rmo]^`_]j�}vup^doNyCjpoNr*s � "�c�rpt2i�Z]\(^`t
o]^`_]j�}vuEa�t(~�Z]\(^ s � "�����abt1i1abt1~�r4_]�&^`ndav�'n�o]^`_hj�}vup^do�y>jpo3r s � " oq^`�Je1abo]^`_*r���^`_]j�}vup^do � ab_]nAjXup^do]w
�E^doquEabnA^�� � � � � rp_�_]\(j ��t abt �2~�e(o]^ �(� � � ! \1ab_ Z]\(^`_]ab_!i(jJ^`_�t(jpZ!^��EZh^`t2i Zhj r i1ab_]nde1_q_]avj�t�jpy
Z]\(^!�1o]jp�Lj�_h^`iGr o@nq\1avZh^`nAZ]e1o]^`_�jpy�rpt � � ���pc ��\1abnq\0ab_�rpt rpnAZ]avup^�rpt2i0nAj�g:�2}b^`g:^`t�Z]r oqw|o]^`_h^`r oqn@\
r o]^`r � �<'�c �
	 �W�)� Z ab_�_]e&"�ndav^`t�ZHZhj�rp_]_]e2g:^*r Z�_]j�g:^m�&j�a�t�Z�_]e1n@\4r3_]^do]uEa�nA^ � a�}b}2fL^`nAj�g:^*r uSrpab}�r f2}v^p�
s � "O_ _hj�}bup^4Z]\(^�t1rpg�a�t(~ �1o]jpf2}v^`g c rpt1i e2_h^4jpy�Z]\1^ � � � abtJZh^d~poqr Zh^`_!Z]\(^ _]e(�L^doq_]^dZ:jpyOs � "
_]n@\(^`g:^`_d� (�j �H^dup^do`cHZ]\(^�}vjEndr Z]abj�t �2o]jpf2}v^`g o]^`g�rpabt2_�e1t2rpi1i(o]^`_]_]^`i c rpt1i _]j�}be(Z]avj�t1_�Zhj Z]\(^4}vj0%
ndr Z]avj�t �2o]jpf2}v^`g r o]^4i(j�g�rpabt _h�L^`nda��'n � ! \(^�o]^`g�rpabt1a�t(~ �2r o]Z]_3jpy�Z]\2ab_�n@\1r �1Zh^do�r o]^4i(^`i2abndr Zh^`i
Zhj i(j�nde1g:^`tJZ]abt(~ Z]\(^�i(^`_]ab~�tGjpy Z]\(^4" j�g�rpi }vj�ndr Z]avj�t _h^do]u�abnA^p� �(oqj�g Z]\(^��Lj�abtJZljpy Z]\(^�t1rpg�%
abt1~�_hw�_hZh^`g4c{Z]\(^#"�j�g�rpi }vjEndr Z]abj�t0_h^do]u�abnA^�y�e1}��&}b_mZ]\(^ oqj�}v^�jpy�s � " ��^`_hj�}bup^do�yCjpo�Z]\(^4" j�g rpi
nAj�tJZh^��EZd�

� ��� ��� � ��� � ��
���� �)	 � �
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� jEndr Z]avj�t�_h^do]u�abnA^li(^`_]av~�t2_H\2r`up^l�1oq^duEavj�e2_]}vw�jpo]~�rpt2ab_h^`i�Z]\(^`g�_]^`}vup^`_�rp}vj�t(~:~p^djp~po@r �2\1abndrp}¢rpt2i�jpo+%
~�rpt1a�_]r Z]avj�t1rp}�}babt1^`_d� ! \2ab_�_]^`nAZ]avj�t�o]^du�av^ � _{Z]\(^ � j�g�rpabt "Orpg:^��E^do]u�abnA^ � � "*� �@c � \2abnq\�Zhoqrpt1_]}�r Zh^`_
i(j�g rpabtlt1rpg:^`_{abtJZhj g�rpn@\1abt(^ � ��rpi1i(o]^`_]_]^`_dcXrpt1i�ab_ Z]\(^Hg:j�_hZ¢�2o]j�g�abt(^`tJZ ^��(rpg:�2}v^Njpy1r�yCe1t2nAZ]avj�t�%
abt1~l_]ndrp}br f2}v^ ~�}bjpf2rp}1}vj�ndr Z]avj�t�_h^doquEabnA^p� ! \1^ jpZ]\(^do }vj�ndr Z]avj�t�_]^do]uEa�nA^ i1ab_]nde2_]_h^`i�ab_�!m}bjpf&^pc � \1abn@\:ab_
r�nAj�t�Zh^`g��&jpo@r o]w4o]^`_h^`r oqn@\ }bjEndr Z]avj�t�_h^do]u�abnA^�y>jpoOr!}br oq~p^�_]ndrp}v^3t(^dZ,�Hjpo5*4jpy�i2ab_hZhoqavf'e(Zh^`i�jpf�$ ^`nAZ]_`�
! \1^*�'t1rp}L�2r oqZ�jpy Z]\1ab_�_]^`nAZ]avj�t�i(^dZ]rpa�}b_ Z]\(^�r �2�1o]j�rpnq\ jpy ��}v^���a�t(^dZdc�� \1a�nq\4ab_�t(jpZ abtJZh^`t1i(^`i rp_�r
~�}vjpf'rp}¢}vj�ndr Z]avj�t _h^do]u�abnA^�� f'e(Z�\1rp_�r�e2_h^dyCe2}&_]^dZ�jpy�f2rp_]abn*g:^`n@\1rpt1ab_qg�_d�
� � � ��
 ���#�+��� ��� ( � �.� ( ����� ��'�� � ��'"� + 1	� ( ����� (�� � &���� �  ����' ��'"� ' ����' � ��� ������
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! \(^`_h^H^��(rpg:�2}v^`_�_h^do]up^�Z � j*�2e1o]�Lj�_h^`_dcX�2oq_hZ]}vw*Z]\1^dw��1o]jXuEa�i(^HrOg:^`rpt1_�Zhj*abtJZho]j�i1e1nA^ Z]\(^��1o]jpf2}v^`g _
Z]\1r Z Z]\1^ "�j�g�rpi }vjEndr Z]abj�t�_h^do]u�abnA^3r oqnq\1abZh^`nAZ]e(o]^�a�_ i(^`_]ab~�t(^`i4Zhj�j up^doqnAj�g:^pc¢rpt2i�_h^`nAj�t1i2}vw�Z]\(^dw
�1o]jXuEabi1^lr�f2rpn5*E~po]j�e1t1i�r ~�rpabt1_hZ ��\1abnq\�Z]\1^�t(^ �-r oqn@\1avZh^`nAZ]e(oq^�ndrpt4fL^l_h^dZd�

��������� ������� � �

! \(^ � "m� � '��pc �����Rab_ r3~�}vjpf2rp} t1rpg abt(~:_h^do]u�abnA^ � \1abn@\�o]^dZ]e(oqt1_ � �
rpi1i1o]^`_]_h^`_�abt�^��(nq\1rpt1~p^ly>jpo�r
Zh^��EZ]e2rp}Rt1rpg:^p�
! \(^H_hZhoqe1nAZ]e(oq^Njpy(Z]\(^�i(j�g�rpabt�t1rpg:^�%x_h�2rpnA^�ab_�r \1av^do@r oqnq\1a�ndrp}�Zho]^d^pcpf2rp_]^`ilj�t3r�g�a �E^`i�~p^djp~poqr �2\1abn
rpt1i:jpo]~�rpt2ab_]r Z]avj�t1rp}�f'rp_]ab_d� �(jpo�^��(rpg:�2}b^pc�e1t1avup^do@_]avZ]av^`_{abt "�^ � � ^`rp}brpt2i:g�r`w3o]^d~�ab_hZh^do e1t1i(^do Z]\(^
� rpn � t���i1j�g�rpabt c�� \(^doq^:� rpn*o]^d�1o]^`_]^`t�Z]_ Z]\(^*jpo]~�rpt1ab_qr Z]avj�t1rp} c1rpt1iG� t��pc1Z]\(^*~p^djp~poqr �'\1abndrp}¢^`}b^`g:^`t�Z
jpyNZ]\(^�t1rpg:^p� ! \1ab_�_hZhoqe1nAZ]e(oq^�ab_�o]^	
2^`nAZh^`i abt�Z]\(^3i1^`_]av~�t jpy�Z]\(^3i2ab_hZhoqavf'e(Zh^`i i1r Z]r f2rp_]^3_hw�_hZh^`g
� \1abn@\!a�g:�2}v^`g:^`tJZ]_ Z]\(^ � "*�&��� Z�a�_ Z]\2ab_ i2ab_hZhoqavf'e(Zh^`i i1r Z]r f'rp_h^l_hw�_hZh^`g Z]\1r Z�ab_ jpy�g:j�_hZ abtJZh^do]^`_hZ
abt�Z]\(^�nAj�tJZh^���Z jpy{Z]\1ab_ Z]\(^`_qab_d�
! \(^ � "*��i1r Z]r f'rp_h^�a�_�i1ab_hZho@avf2e(Zh^`i fEw�i1avu�abi1abt(~ e(� Z]\(^�t1rpg:^�_h�2rpnA^�abt�Zhj t(j�t�%Wj up^do@}br �1�2abt1~
�dj�t(^`_Oy>jpo@g�abt(~�r�i1ab_hZho@avf2e(Zh^`i4_h^`r o@nq\�Zho]^d^p��& rpnq\ �dj�t(^�\1rp_ j�t1^�rpe(Z]\(jpo@avZ]r Z]avup^��l�2oqabg�r o]w�t1rpg:^
_h^do]up^do�rpt1i�r�nAj�}b}v^`nAZ]abj�t!jpy�_h^`nAj�t1i1r o]w�t1rpg:^*_h^do]up^do@_dc�� \1abn@\!\(j�}�i!r�nAjp�Ew jpy�rp}�}'Z]\1^�o]^`nAjpo@i1_Hy>jpo
Z]\1r Z �dj�t(^p� ! \1^ �dj�t1^ f&j�e2t1i1r oqav^`_{rpt1i�Z]\(^�tEe1g�fL^do jpy't1rpg:^�_]^do]up^doq_Nr o]^�i1^dZh^doqg�abt(^`i�g�rptEe1rp}b}bwp�
z�\1^`t�r t2rpg:^�_h^do]up^do�ndrpt1t(jpZ{}vj�ndrp}b}vw oq^`_hj�}vup^ r��Je1^do]wpcSabZRabg�g:^`i2abr Zh^`}vw�nAj�tJZ]rpnAZ]_�Z]\(^�r �2�1o]jp�1oqa�r Zh^
Zhjp�:}v^dup^`}�i(j�g�rpabt3t1rpg:^�_h^do]up^do �C^p� ~(� t�� �@� ! \(^H�Je1^do]w�ab_�Z]\(^`t3o]^`nde(oq_qavup^`}vw*�2rp_]_]^`i�i(j�� t3Z]\(o]j�e(~�\
Z]\(^3Zho]^d^3e2t�Z]ab}Rrpt�rpe1Z]\(jpoqavZ]r Z]avup^�o]^`nAjpoqi ab_�}vjEndr Zh^`i¢� ! \(^�o]^`_]e1}bZ �1o]jp�'r ~�r Zh^`_�f'rpn5* Zhj�Z]\(^�}vjEndrp}
t1rpg:^l_h^doqup^do`c�� \(^doq^*Z]\(^lo]^`nAjpoqi�ab_ ndrpnq\(^`i yCjpo e1_h^*fEw�}bjEndrp}¢�Ee(^doqab^`_ e1t�Z]a�} avZ ^��E�'avo]^`_d�
! \(^ � "m�|ab_*i(^`_]av~�t1^`i y>jpo�_q}vj � n@\1rpt(~�abt(~ g rpnq\1abt1^
� }vjEndr Z]abj�t|f2abt1i2abt(~�_d� � t "�^ � � ^`rp}brpt1i¢c y>jpo
^���rpg��2}v^pc(Z]\(^*Zhjp��}v^dup^`} �dj�t(^*�&}v^`_ r o]^*j�t1}vw�e(� i1r Zh^`i�Z,��abnA^�r:i1r wp����rpn@\1abt(~�rpt1i�oq^d�2}babndr�t1rpg:^
_h^do]up^doq_�oq^`i1e1nA^mZ]\(^*�Je1^do]w!}vj�rpi�j�t�Z]\(^*oqjJjpZ�jpyRZ]\1^m_]^do]uEa�nA^pc(f2e(ZHZ]\(^ � "*��ab_�e1t2r f2}v^ Zhj�e1�Li2r Zh^
oqr �2abi2}vw�^`t(j�e(~�\ Zhj g�rpt1r ~p^�_q\(jpo]Z�Zh^doqg jpf�$ ^`nAZ�g:jpf2ab}babZxwp�
��jpf'ab}v^�� � � �)( � �&ab_Nrl_hZhjp�2~�r �!Zh^`n@\1t(j�}vjp~pw � \2abnq\:_]a�i(^`_hZh^d�2_ Z]\1^ � "m��e(� i1r Zh^�i(^`}br w3fEw:e(Z]ab}ba�_]abt(~
o]^`i1avoq^`nAZ]avj�t!rpt2i!Z]e2t1t(^`}b}ba�t(~*y>oqj�g/Z]\1^�jpoqab~�abt1rp}2}bjEndr Z]avj�t¢� ! \(^do]^mr o]^mr3tEe1g�fL^do jpyRi1^`_]av~�t�ab_]_]e1^`_
Z]\1r Z � jpf2ab}v^.� �-i(jJ^`_*t1jpZlrpi1i(o]^`_]_`c¢_]e1nq\ rp_l}bjEndr Z]avj�t|a�t1i(^d�L^`t1i(^`t1nA^�jpo*Zhoqrpt1_h�'r o]^`t1nAwpcRrpt1i|a�t
rpi1i1avZ]abj�t�� jpf2ab}v^ � � o]^`�Ee1avo]^`_ g�rptJe2rp}'nAj�t��'~�e(oqr Z]avj�t�rpt1i�}v^`r`up^`_�o]^`_qabi1e1rp}1i1^d�&^`t2i(^`t1ndav^`_�j�t Z]\(^
_hw�_hZh^`g jpy{jpoqav~�abt¢�
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! \1^�!*}vjpfL^ � 	(c��)( %�c��)(>��� }vj�ndr Z]avj�t�_h^do]u�abnA^ ab_:rp}�_hj f2rp_h^`i j�t r|\1ab^doqr oqnq\2abndrp}HZho]^d^ _hZhoqe1nAZ]e1o]^`i
i1a�_hZhoqavf2e1Zh^`i�i1r Z]r f2rp_]^pc¢\(j �H^dup^dol}vjEj *Ee(�'_�r o]^�o]^`_]j�}vup^`i�y>o]j�g }v^`r y�Zhj�oqjJjpZmoqr Z]\(^domZ]\1rpt�o]jEjpZmZhj
}v^`r y�rp_ ��avZ]\�Z]\(^ � "*�&c1rpt1i r o]^�_h�2}bavZHj�t�r��'e(o]^`}vw!~p^djp~poqr �2\1abnlf2rp_]ab_d�
& rpnq\G�Ee(^do]w�_hZ]r o]Z]_*r Z*Z]\(^�}vj�ndrp}�}v^`r y t1jEi(^�� abZ]\ Z]\1^3jpf'$ ^`nAZ � � c¢rpt1i o]^`nde(oq_qavup^`}vw�n@\(^`n5*�_*^`rpnq\
t(j�i(^�j�t�Z]\(^��2r Z]\ Zhj!Z]\(^�o]jEjpZOt(j�i(^p��� yNrpt a�t�Zh^doqg�^`i1abr Zh^�t1jEi(^�\1rp_�r o]^`nAjpoqi�jpy Z]\(^ � � c&Z]\(^`t
yCjpo5��r oqi1abt(~O�Lj�abtJZh^doq_�r o]^�y>j�}b}bj �H^`i3i1j � t�Z]\(^�Zho]^d^ e1tJZ]ab}JZ]\(^�}v^`r y2t1jEi(^HZ]\1r ZNnAj�tJZ]rpabt1_�Z]\(^ i(^`_qavo]^`i
}vj�ndr Z]avj�t�abt(yCjpoqg�r Z]abj�t�ab_�o]^`rpnq\1^`i �3� y(Z]\(^Ho]jEjpZ{t1jEi(^Hab_�o]^`rpnq\(^`i:rpt2i�Z]\(^ � � ab_{_hZ]ab}b}�e1t(o]^`nAjp~�t1a�_h^`i c
Z]\(^`t Z]\(^ljpf�$h^`nAZ ab_�t1jpZ o]^d~�ab_hZh^do]^`i � avZ]\�Z]\(^�}bjEndr Z]avj�t�_h^do]u�abnA^p�
! \1^ 
'r ��abt�Z]\1a�_ _]a�g:�2}v^ _]Zhoqe1nAZ]e(o]^mab_ Z]\1r Z�Z]\(^Oo]jJjpZ�ab_ Z]\(^me1}vZ]abg�r Zh^ �Of�$h^`nAZ � � rpe(Z]\(jpoqavZ wpc(rpt1i
g3e1_hZNZ]\1^do]^dy>jpoq^ nAj�t�Z]rpa�t rp}b} �Of'$ ^`nAZ � � _�rpt1i rp_]_hj�ndabr Zh^`i�yCjpo5��r oqi1abt(~m�Lj�abtJZh^doq_d�
� t rpi1i1avZ]avj�t¢cpZ]\(^
o]jEjpZ�t(^d^`i1_lZhj \1rpt1i2}v^�u rp_hZ�tEe1g�f&^do@_ljpy�_h^`r oqn@\ rpt1i e1�Li2r Zh^ rpndnA^`_]_h^`_d� ! \1ab_�ab_�rpi2i(o]^`_]_h^`i abt
!m}bjpf&^�fJw:�'r o]Z]avZ]avj�t1a�t(~lZ]\(^ � jpo5*�}vj�rpi�u�abr�r��Je1rpi!Zho]^d^mg�r �1�L^`i�jXup^do Z]\(^m_]e(o]y�rpnA^ jpy¢Z]\1^ &�r oqZ]\ �
& rpnq\ �2r o]Z]avZ]avj�t0abg:�2}v^`g�^`t�Z]_lr }vjp~�abndrp}�o]jJjpZ�Zhj�o]^`i2e1nA^ nAj�g�g3e1t1abndr Z]abj�t0}v^`t(~pZ]\2_lrpt1i0r oq^`rp_�jpy
\1ab~�\0}vj�rpi r o]^ �2r oqZ]avZ]avj�t(^`i g:jpo]^:�'t1^`}vwp�4Y�i1i2avZ]avj�t1rp}N\1^`e(oqab_hZ]a�nd_lr o]^!r �2�2}bav^`i|abt0Z]\(^!t1jEi(^`_�Zhj
ndrpn@\(^ ~p^djp~poqr �'\1abndrp}b}vw _hZ]r f2}b^�rpi1i(o]^`_]_]^`_d� ( j�� ^dup^do`c g:jpf'ab}v^�jpf�$h^`nAZ]_�r o]^�^����L^`nAZh^`i|Zhj�g�ab~poqr Zh^
Zhj f&^�nd}bj�_h^do�Zhj�nd}�av^`t�Z]_`c�rpt1i|Zhj�jpf1Z]rpabtG^���^`nde(Z]avj�t rpt1i|jpZ]\(^do�o]^`_hj�e(o@nA^`_d� � jpf2ab}v^:jpf'$ ^`nAZ]_�r o]^
Z]\(^doq^dy>jpo]^Ot(jpZH^��E�L^`nAZh^`i!Zhj�^��(\1avf2avZNr3\1av~�\ i(^d~po]^d^Ojpy&~p^djp~po@r �2\1abnO_hZ]r f2ab}�avZxwpcErpt1i�Z]\1a�_�ab_N}�a *p^`}vw�Zhj
o]^`i2e1nA^�Z]\1^�~�rpabt1_�yCo]j�g�o]jJjpZO�2r o]Z]abZ]avj�t1abt(~�rpt2i�Z]\(^�ndrpnq\2abt(~�\(^`e(oqab_]Z]abnd_d��YOi1i1avZ]avj�t2rp}R\(^`e(o@ab_hZ]abnd_
abt �,���&r ZhZh^`g:�2Z�Zhj�rpi2i(o]^`_]_�Z]\1ab_ �1oqjpf2}v^`g6fEw�^`_hZ]abg�r Z]abt1~�Z]\(^�oq^d~�avj�t1rp}1fLj�e1t2i1r oqav^`_3� abZ]\1abt�� \1a�nq\
r�g�jpf2ab}v^mjpf�$h^`nAZ�o]^`g�rpa�t1_d�

��� ����� � � � � 	���� �

��}v^��(abt(^dZ � � (��{ab_�r $]r`u r f2rp_]^`i jpf�$h^`nAZ�jpo@av^`t�Zh^`i g�abi1i2}v^ �Hr oq^*o]^`_h^`r oqn@\�r o@nq\1avZh^`nAZ]e1o]^/� \2abnq\ _qe(�'%
�Ljpo]Z]_lrpg�j�t(~�_hZljpZ]\(^do�Z]\1abt(~�_dc�nd}be1_hZh^dolg:jpf'ab}bavZ wp��sOt1}ba *p^3Z]\1^ � "*�|rpt2i !m}vjpfL^pc���}v^��(abt(^dZli(jE^`_
t(jpZ �1o]j u�abi(^*rptJw�y>jpoqg jpy�~�}vjpf'rp}¢_hZhoqe1nAZ]e1o]^pc(~p^djp~poqr �2\1a�ndrp} c1jpo]~�rpt1a�_]r Z]avj�t1rp} jpo jpZ]\(^do5� ab_]^p�
Y
yC^`r Z]e(o]^�jpy ��}v^��(abt(^dZNa�_NZ]\1r Z jpf�$ ^`nAZ]_Hr o]^�oq^d�1o]^`_h^`tJZh^`i�fEw:�1o]j ��av^`_�rpt1i�Zhoqrpt2_h�2r o]^`tJZ]}vw�o]^dfLj�e1t1i
� \1^`t(^dup^do�Z]\1^ Z]r o]~p^dZ3jpf�$h^`nAZ  _3nd}�e1_hZh^do�\2rp_�g:jXup^`i � � Z�ab_�Z]\1ab_*o]^df'abt1i1abt1~�jpy �2o]j��(av^`_ ��\1abnq\0ab_
e(Z]a�}bab_h^`i abt Z]\(^ "�j�g�rpi }vj�ndr Z]avj�t _h^do]u�abnA^pc'Z]\1^�i2a��&^doq^`t1nA^`_ fL^dZ � ^d^`t Z]\(^3Z,�Hj4r �1�1o]j�rpn@\(^`_*}bav^3abt
\(j��-Z]\(^*f'abt1i1abt1~�ab_ oq^`_hj�}vup^`i �
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� t ��}v^��(abt(^dZdc&jpf�$ ^`nAZ]_mr o]^�nAo]^`r Zh^`i|abt r!nd}�e1_hZh^doOj�t r � ��}brpnA^  vc¢r!o]^`_hZho@abnAZh^`i�yCjpoqg jpyNu�( j�_hZdc rpt1i
^`rpnq\��2}brpnA^ �1o]jXuEabi1^`_ r0i1^dyCrpe1}bZ!_hZ]r Z]abn g:jpf2ab}b^�"�rpg:^do � �Hj�t�Zho@r o]w�Zhj0Z]\(^ abg:�'}babndr Z]avj�t jpy*Z]\(^
t1rpg:^pc�r�g�jpf2ab}v^�"Orpg:^do a�_�t(jpZ�g:jpf2ab}b^pc�f2e(Z�oqr Z]\(^do�avZ t1rpg�^`_ �Coq^`_hj�}vup^`_ ��g:jpf2ab}b^ nd}be1_hZh^do@_d��z
\(^`t
r�nd}be2_hZh^do3a�_�nAo]^`r Zh^`i j�t r���}�rpnA^pc�abZ�ab_�rp_]_]av~�t(^`i0Z]\1r Z�� }brpnA^  _�g:jpf2ab}b^�"�rpg:^do � �1o]j�g Z]\(^`tGj�t
Z]\1ab_�g:jpf2a�}v^�"�rpg�^do�a�_He2_h^`i�rp_�Z]\(^mo]^`_hj�}vup^do fEw �1oqj��(av^`_Hf&j�e2t1i Zhj�jpf�$h^`nAZ]_�abt�Z]\1a�_ nd}be2_hZh^do`� ! \1a�_
o]^`}babrpt2nA^ j�t!Z]\(^O� }brpnA^Ojpy¢nAo]^`r Z]avj�t�o]^`g�rpabt2_�o]^d~�r o@i1}v^`_]_�jpy � \(^do]^�Z]\(^mg:jpf2ab}v^�nd}be1_hZh^do�g�r`w!g:j up^
Zhj(c2rpt1i4nAj�t1_]Z]avZ]e(Zh^`_�r��L^doqg�rpt1^`t�Z rpt1i4_]ab~�t1a��'ndrptJZ�o]^`_]abi1e2rp}&i1^d�&^`t2i(^`t1nAw rpt1i4a�_ r:_]abt(~�}v^O�Lj�abtJZ
jpy yCrpa�}be(o]^p� � ^`g:j u rp}{jpyNr!_h�L^`nda��&nl��}brpnA^ � ab}b}¢o]^`_]e1}vZ�abt y�rpab}be(oq^ljpyNrp}b}Rg�jpf2ab}v^�nd}�e1_hZh^doq_ o]^`_hj�}vup^`i
Z]\(o]j�e(~�\�avZd�
��}be1_]Zh^doq_ g�r w4fL^�nAo]^`r Zh^`i e(Z]ab}�ab_]abt(~:r�g:jpf2ab}b^�"�rpg:^do�jpZ]\(^domZ]\1rpt Z]\2r Z��1oqj u�abi(^`i fEw4Z]\(^���}brpnA^pc
\(j �H^dup^do*Z]\(^`_h^�g3e1_hZmt(jpZ fL^�g�jpf2ab}v^�Z]\(^`g�_h^`}vup^`_

�

_hj�rp}�}RZ]\(^3�1o]jpf'}v^`g�_�� abZ]\�o]^`_qabi1e1rp}¢i1^d�&^`t'%
i(^`t1ndav^`_�o]^`g�rpabt �
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! \(^ � "*� !m}vjpfL^�rpt1i ��}v^���a�t(^dZ rp}b}�\1r`up^ }babg�abZ]r Z]avj�t1_ � abZ]\
\1av~�\
i(^d~po]^d^`_�jpylg:jpf2ab}�avZxwp� ! \1^
_]\(jpo]Z]nAj�g abt(~�jpy�Z]\(^ � "m��a�t�Zh^doqg _mjpy \1rpt1i2}babt(~ g�jpf2ab}bavZ wpc !*}vjpfL^3abt�Zh^doqg _�jpyHavZ]_Oo]^`}babrpt2nA^�j�t
~p^djp~poqr �2\1a�nl_hZ]r f2ab}�avZxw�rpt1i4Z]\(^�}�rpn5*�jpy�~�}vjpf2rp}¢abt1y>oqrp_]Zhoqe1nAZ]e(o]^*abt ��}v^��(abt(^dZ oq^dup^`rp}b_�Z]\(^�t(^`nA^`_]_]avZ w
y>jpoOr t(^ � � j�ndr Z]avj�t���^do]uEa�nA^ly>jpoOe1_h^3abt "�j�g�rpi � Y�t rpi1i1avZ]abj�t1rp} rpt1i�nAj�g��2}v^`g:^`tJZ]r o]w4nAj�t�Zh^���Z
ndrpt fL^��2o]j u�abi(^`i�rp}bj�t(~�_]abi(^ ^��(ab_hZ]a�t(~�_hw�_hZh^`g�_dcEe(Z]ab}ba�_]abt(~OZ]\(^�s � " � � �:rpt1i��2ZhZ]abt(~ ��avZ]\1abt:rpt1i
e(Z]ab}ba�_]abt(~�^���ab_]Z]abt(~:rpt1i4�2}�rpt1t(^`i4_h^do]u�abnA^`_d�
" j�g rpi nAj�t�Zho@rp_hZ]_�r Z4Z]\1a�_��&j�a�t�Z � avZ]\�jpZ]\(^do r �1�1o]j�rpn@\(^`_4Zhj ~�}vjpf'rp}mjpo � abi(^ r o]^`r }bjEndr Z]avj�t
_h^do]u�abnA^`_d� !m}vjpfL^  _�z
abi(^�%xY�o]^`r � jEndr Z]abj�t �E^doquEabnA^ � �)( %1c �)(>� ���1o]j u�abi(^`_ rpt�w e1_]^do � avZ]\ rpndnA^`_q_�Zhj
rpt�w3jpf�$h^`nAZ j�t:Z]\(^ � t�Zh^doqt1^dZNrpt1i:av~�t(jpo]^`_�Z]\1^�rp}vZh^doqt1r Z]avup^ _h^doquEabnA^`_NZ]\1r ZNr o]^ jpo)� ab}�}�fL^ r`u rpab}br f2}b^p�
! \1ab_ a�_�rpndnAj�g:�2}ba�_]\(^`i r Z�Z]\1^�nAj�_hZ jpy�^��(nA^`_]_]avup^3_hZhjpoqr ~p^�o]^`�Je2avo]^`g:^`tJZ]_ yCjpo�avZ]_ Zhjp��}v^dup^`}Rt1jEi(^`_`�
�OZ]\(^do3g�abi1i1}b^ �Hr o]^�}bjEndr Z]avj�t _h^do]u�abnA^`_�_]e1nq\ rp_�Z]\1j�_h^!j��L^do]^`i fJw0� � ����Y5rpt1i � r`u r � � �*i(j
t(jpZ rpi1i1o]^`_]_�Z]\(^��Ee(^`_hZ]abj�t�jpy�g�jpf2ab}bavZ wp�
Y g:jEi1^doqtl}vj�ndr Z]avj�t�_]^do]uEa�nA^ g3e1_hZ¢Zhoqrpn-**Z]\(^ _]^dZRjpy(}vj�ndr Z]avj�t1_¢yCjpoR^`rpn@\�g:jpf2ab}v^�jpf�$h^`nAZ{Z]\(o]j�e(~�\(j�e1Z
Z]\1r Z*jpf�$h^`nAZ  _�}baby>^dZ]abg�^p��Y _]^d^`g�abt(~�}vw�_]abg:�'}v^�Z]rp_+*��L^doq\1r �2_`c f2e(Zmabt|r4}br o]~p^:_]ndrp}v^�i2ab_hZhoqavf'e(Zh^`i
_hw�_hZh^`g r }vj�ndr Z]avj�t _]^do]uEa�nA^!g�r wG\1r`up^�Zhj i1^`rp} � abZ]\|Zhoqab}b}�avj�t1_mjpy jpf�$h^`nAZ]_dcN_hj�g:^!jpy�� \1abn@\ � a�}b}
fL^ g:j u�abt(~|yCo]^`�Ee(^`t�Z]}bwp� ��ndrp}babt(~|r|_hw�_hZh^`g ZhjGZ]\1ab_:i(^d~poq^d^ o]^`�Ee1avo]^`_.� abi1^�i2ab_hZhoqavf'e(Z]avj�t cN}vj�rpi
f2rp}brpt1nda�t(~:rpt1i r�g�a�t1abg3e1g jpy nAjEjpoqi1abt2r Z]abt(~:t(^dZ,�Hjpo5*�Zhoqr "!n �
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! \1^��2oq_hZ*Z � j�_hwE_]Zh^`g�_�i1a�_]nde1_]_h^`i|a�t|_h^`nAZ]avj�t �(��� \1r`up^!j�t(^�Z]\1abt1~ abt|nAj�g�g:j�t �3r4o]^`}ba�rpt1nA^:j�t
~p^djp~poqr �'\�w�� ^`abZ]\(^do�f'rp_h^`i��'r o]Z]}vw4j�t�nAj�e1t�Zhoqw�nAjEi1^`_Orp_mabt�Z]\(^ � "*�&c&jpo�ZhjpZ]rp}�}vw�rp_ � avZ]\�Z]\(^
�Ee1rpi Zho]^d^:g�r �1�2abt1~ abt !m}vjpfL^p� ! \1^3g�r�$hjpo*r o]~�e1g:^`tJZOf&^`\2abt1i !m}bjpf&^  _Oe1_h^3jpy�r!~p^djp~poqr �2\1a�ndrp}
_hZho@e1nAZ]e(o]^�a�_�Zhj0�2o]j u�abi(^ }vj�ndrp}bavZ w jpyOoq^dy>^do]^`t2nA^p��� t
\2av~�\1}vw g:jpf2ab}v^ _]wE_hZh^`g _!_]e2nq\
rp_#" j�g rpi
Z]\1a�_ t(j�}vj�t(~p^do�\1j�}bi1_�Zho@e(^pc'rp_Or �1�2}ba�ndr Z]avj�t4jpf�$h^`nAZ]_mr o]^�^`tJuEa�_]avj�t(^`i rp_Oe1_]a�t(~�Z]\(^`avoOg:jpf2ab}�avZxw�Zhj
g:jXup^�nd}vj�_h^domZhj4nd}bav^`tJZ]_mrpt1i�o]^`_hj�e(oqnA^`_`� � t1_hZh^`rpi�Z]\(^doq^�a�_�rpt(jpZ]\1^doOyCjpoqg�jpy }bjEndrp}babZxw � \1a�nq\�ndrpt
fL^�^��E�2}bj�avZh^`i � Z]\1^�}vj�ndrp}bavZ wGjpy oq^dy>^do]^`t2nA^#� abZ]\1abt0rpt�r �2�2}babndr Z]avj�t¢��� y�wpj�e abtJZh^doqrpnAZ�� avZ]\ rpt
r �1�'}babndr Z]avj�t�jpf�$ ^`nAZmj�t1nA^pc n@\1rpt1nA^`_mr o]^3Z]\1r Z�wpj�e r o]^��Ee1avZh^�}�a *p^`}vw�Zhj4abt�Zh^do@rpnAZ � abZ]\�avZdc&jpo � avZ]\
rpt(jpZ]\1^do jpf�$h^`nAZ�yCo]j�g5Z]\(^�_qrpg:^lr �1�2}ba�ndr Z]avj�t c(r ~�rpabt �
! \1^/" j�g rpi }vj�ndr Z]avj�t _h^do]u�abnA^l^`t1i(^`r upj�e(oq_�Zhj Z]r0*p^�rpi(u rpt�Z]r ~p^�jpy�Z]\1ab_�rpt2i f2e1a�}bi1_HZ]\(^�f'rp_]ab_ jpy
avZ]_:}bjEndr Z]avj�t _h^doquEabnA^4r o]j�e2t1i Z]\(^4nAj�t1nA^d�1Z:jpy Z]\1^ r �1�2}babndr Z]abj�t � ! \1r Z�ab_dcN^`rpn@\ r �1�2}�abndr Z]avj�t ab_
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Z]\1r Z rp_�Z]\(^G}vj�rpi
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abtJZho]jEi2e1nA^`i�abt Z]\1ab_ nq\1r �1Zh^do�abt�~po]^`r Zh^do�i(^dZ]rpab} �
�E^`nAZ]avj�t1_ �(���E���0Z]\(o]j�e1~�\ �(���E� '|r o]^ r o]oqrpt(~p^`i
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 _ }bjEndr Z]avj�t Z]r f2}v^pc�rpt1i _]^dZ]_!Z]\1^ o]^`_]j�}vup^do � yCjpo�Z]\(^�}bjEndr Z]avj�t Z]r f2}v^ nd}be1_]Zh^do!Zhj fL^
Z]\(^�}vj�ndr Z]avj�t Z]r f2}v^�}bjEndr Zhjpo`� ! \1^�}bjEndr Z]avj�t Z]r f'}v^:jpf�$h^`nAZlab_mZ]\(^`t|abt1_]Z]rpt�Z]abr Zh^`i0abt1_]abi1^�Z]\(^�t(^ �
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vHost.createApplication(...)

Application Executes

LTL

LTL.map(LTCluster, location)

Create an App. cluster
Set App. cluster resolver to LT
Create App. object in App cluster

Return App. object stub

LT
Create

Create
App

Create a LT cluster
Get LTL from LIR
Set LT cluster resolver to LTL
Create LT in LTCluster

vHost

Application stub

LT.map(AppCluster, location)
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avZ]_]^`}vy�abt2i(^d�L^`t1i(^`tJZ]}vw�jpy{Z]\(^�}brpe1t2nq\(^do`�
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r �1�'}babndr Z]avj�t �2r o]^`tJZ � a�_]\(^`_NZhj:nAo]^`r Zh^*rpt�r �1�2}�abndr Z]avj�t��'e(o]^`}vw�yCjpoHavZ]_ j ��t�e2_h^pcJjpo�Zhj�^���^do]ZH_]j�g:^
nAj�tJZho]j�}�jXup^do!Z]\1^�i1ab_hZho@avf2e(Z]avj�t jpymavZ]_ a�t�Zh^do]y�rpnA^p�
�mZ]\(^do5� ab_]^pc�Z]\(^�r �2�2}babndr Z]avj�t Z]\1^`t o]^d~�ab_]Zh^doq_
avZ]_]^`}vyRZ]\(oqj�e(~�\4Z]\(^�_]Zh^d�2_�ab}b}�e1_hZhoqr Zh^`i�abt��2~�e1o]^ �(� 	E�
! \1^�r �1�2}ba�ndr Z]avj�t _hZ]r o]Z]_!fEw jpf2Z]rpabt1abt(~Gr0o]^dyC^do]^`t1nA^�Zhj rGnAj�tJZ]rpnAZ�jpf�$ ^`nAZ�o]^d�1oq^`_h^`t�Z]a�t(~GavZ]_h^`}vy c
e1_qe1rp}b}vwlfEw�nAo]^`r Z]abt(~�abZd� ! \1^�t(^��EZ _hZh^d� ab_�Zhj*�&t1i�Z]\(^ �N^`}b}vj�� ��r ~p^`_ ��avZ]\�� \1abn@\�Z]\(^�r �1�2}�abndr Z]avj�t
t(^d^`i2_RZhjOo]^d~�ab_hZh^do cSfEwle1_]a�t(~ Z]\(^ � ^d�LjpZ  _ � � � ZhjOrpnd�Ee1avo]^ r o]^dyC^do]^`t1nA^ Zhj�Z]\1^ �N^`}b}vj�� ��r ~p^`_d� z
avZ]\
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App 2

App 1

get LIR
vHost

LIR stub

App 3 LIR
LIR.get(YellowPages)

YellowPages stub

YPApp 4

get CO 

YellowPages.put(name, CO)
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Y�_3rpt ^���rpg:�'}v^�jpy�� \1r Z3g�r`w0f&^ o]^d~�ab_hZh^do]^`i¢c{nAj�t1_qabi(^do�Z]\1^ yCj�}b}vj ��abt(~�s � " � \2abnq\Grpt r �1�2}�a1%
ndr Z]avj�t�� ab_]\(^`_�Zhj!o]^d~�a�_hZh^do � ��'"5 
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jpf�$h^`nAZ�g r`wGj��L^do�i1a��L^do]^`tJZ�}v^dup^`}b_�jpy _h^doquEabnA^�^p� ~(� ~pj�}bi cN_]a�}vup^do3rpt2i0f1oqj�t��d^pc)� \1abn@\ � a�}b}NZ]\(^`t
o]^dZ]e(oqt Z]\(^�r �1�1o]jp�2oqabr Zh^!_]^do]uEa�nA^!jpf�$h^`nAZd�|Y�}bZh^doqt1r Z]avup^`}vwpc Z]\1^�r �1�'}babndr Z]avj�t g�r`w0o]^d~�ab_hZh^do�Z]\(o]^d^
i1a��L^do]^`tJZ�s � "O_:^`rpn@\ � abZ]\ rpt
rp_]_hj�ndabr Zh^`i nAj�tJZ]rpnAZ!jpf�$h^`nAZ:j��L^doqabt(~Gr|i1a �&^do]^`tJZ�_h^do]u�abnA^ }v^dup^`}
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t(^d~pjpZ]abr Zh^��2r`w�g:^`tJZ�^dZ]n �

Y _]av~�t2a��'ndrptJZ�rpi(u rpt�Z]r ~p^ jpy1Z]\(^�_h^d�2r oqr Zh^�o]^df2a�t1i1abt(~�\2av^doqr oqn@\�w�t1j � fL^`nAj�g:^`_�^duEa�i(^`t�Z � avZ�i(jJ^`_
t(jpZ�g�r ZhZh^do aby¢Z]\(^lnAj�tJZ]rpnAZ jpf�$h^`nAZ o]^dyC^do]^`t1nA^`_�\(^`}�i!fEw Z]\1^ �N^`}�}vj � ��r ~p^`_�r o]^*j�e(Z]i1r Zh^`i c1rp_�Z]\(^dw
� ab}b}RfL^�rpe(Zhj�g�r Z]a�ndrp}b}vw o]^dfLj�e1t2i Z]\(^3�2oq_]Z Z]abg:^3Z]\(^dw�r oq^�a�t�upj *p^`i rpt1i�yCj�e1t1i Zhj�fL^3abt1nAjpo]o]^`nAZd�
! \1ab_�g:^`rpt1_OZ]\1r Z*e1t1}b^`_]_�Z]\(^:r �1�'}babndr Z]avj�t nq\1rpt(~p^`_*abZ]_�nAj�tJZ]rpnAZljpf�$h^`nAZdc Z]\(^ �N^`}b}vj ���{r ~p^`_�i(jJ^`_
t(jpZ t(^d^`i
Zhj0fL^ abg�g�^`i1abr Zh^`}vw e(� i1r Zh^`i�Zhj0oq^	
2^`nAZ nq\2rpt(~p^`_!i2e(^ Zhj0g:jpf'ab}bavZ w jpymZ]\(^�nAj�tJZ]rpnAZ
jpf�$h^`nAZ]_d� � t1_]Zh^`rpi c�Z]\1^ �N^`}b}vj ���{r ~p^`_ ndrpt e(Z]ab}�ab_h^ r�}br��dwpcmf&^`_]Z�^	�Ljpo]Z e(� i1r Zh^|rp_4j�g ab_]_]avj�t2_dc
i(^`}br wE_�rpt2i abt1nAj�t1_qab_hZh^`t1ndav^`_ ��ab}b}'f&^lndrpe1~�\�ZOrpt1i�Z]\(^`t nAjpo]oq^`nAZh^`i�fEw!Z]\1^lo]^df2abt2i1abt(~3_hwE_]Zh^`g4�
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�N^`}b}bj � ��r ~p^`_ ab_ r`u rpab}br f2}v^ y>o]j�g/Z]\(^ � � �lc�Z]\1^ ^���Zh^doqt1rp}&rpndnA^`_]_�ab_�_]\1j � t!\(^do]^ yCjpo�nAj�g:�2}v^dZh^`t(^`_q_d�

RDSClient 1

Client 2

Client 3

Client 4

CO

SO

YP

find urn:nomad:apps/whiteboard

find urn:nomad:apps/whiteboard

WhiteboardCO stub

WhiteboardCO.getWhiteBoard(this)

WhiteboardPublic stub

WhiteboardPublic.write(msg)

try yp.mcs.vuw.ac.nz
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s � "�c�rpt1i!abt�o]^d�2}vw3~p^dZ]_�r�o]^dyC^do]^`t1nA^�ZhjlZ]\1^�z�\2avZh^dfLj�r oqi�nAj�tJZ]rpnAZ jpf�$h^`nAZd� ! \(^�g:^dZ]\(j�i1_)� \1a�nq\



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

r|nd}bav^`tJZ:ndrpt abtJupj *p^ j�t�r|nAj�t�Z]rpnAZ!jpf�$h^`nAZ i(^d�L^`t1i e(�Lj�t Z]\(^ r �1�2}ba�ndr Z]avj�t � abt Z]\1ab_:ndrp_h^�abZ
ab_�r�o]^`�Ee(^`_hZ�yCjpo�r _]\1r o]^`i0z�\2avZh^dfLj�r oqi � ! \(^���j�t�Z]rpnAZ3jpf�$h^`nAZ�o]^dZ]e1oqt1_lr z�\2avZh^dfLj�r oqi1��e1f2}babn
_hZ]e(f Zhj4Z]\(^�nd}bab^`t�Z � \1a�nq\ ab_mrpt|abtJZh^do]yCrpnA^:j�t Z]\1^�_h^do]u�abnA^�jpf�$ ^`nAZlrpt2i|ab_me1_h^`i Zhj ��oqabZh^�Zhj4Z]\(^
z�\2avZh^dfLj�r oqi � "�jpoqg�rp}�}vw Z]\(^do]^�� j�e1}�i
fL^ rpi2i1avZ]avj�t1rp}�t(^d~pjpZ]abr Z]avj�t�� abZ]\ Z]\(^ nAj�t�Z]rpnAZ4jpf'$ ^`nAZ
� Z]\1r Zlab_dcLo]^`�Ee(^`_hZ]a�t(~�r4_qnq\(^`i1e2}v^�jpyHnq\1r oq~p^`_�rpt1i�Z]\(^`t|abtJupj *�abt(~�Z]\(^�g:^dZ]\(j�i�o]^	
2^`nAZ]abt(~�Z]\(^
nq\(j�_]^`t�_]^do]uEa�nA^O}v^dup^`}W� ! \1ab_�z�\1abZh^df&j�r o@i r �1�2}�abndr Z]avj�t�ab_ _]^d^`t!r ~�rpabt�rp_�r3yCe2}b}vw.� jpo5*p^`i�^��(rpg:�2}b^
r �1�2}ba�ndr Z]avj�t4abt4_h^`nAZ]avj�t �E�,�(�
��}v^`r oq}bw
rp}b}myCj�e(o _hZh^d�2_4t(^d^`i j�t1}vw
fL^ �L^do]yCjpoqg:^`i�j�t1nA^Gi1e(o@abt(~ abt�Zh^do@rpnAZ]avj�t � avZ]\
r�_h^doquEabnA^p�
( j�� ^dup^do c
� \(^`t�i(^`rp}babt(~2� avZ]\�g�jpf2ab}v^�jpf�$ ^`nAZ]_mavZOab_��&j�_q_]avf2}v^*Z]\2r ZOrpt jpf�$h^`nAZ ��ab}b}¢\1r up^3g�j up^`i
_]abt1nA^ avZ ��rp_�}brp_]ZRo]^dyC^do]^`t1nA^`i � ! \1ab_¢Z]\(^`t�oq^`�Je1abo]^`_ o]^df2a�t1i1abt(~HZhjOjEndnde(o�Zhoqrpt1_h�'r o]^`t�Z]}bwpcSrp_{i(^dZ]rpab}v^`i
abt4_h^`nAZ]avj�t �(���E� 'J�

��������� � � ��	 � � � � � ��� � � �

�(o]j�g Z]\(^��Lj�abtJZ jpy(Z]\(^�}bjEndr Z]avj�t�_h^do]u�abnA^pc g:j u�abt(~Orptljpf�$h^`nAZ�ab_Rup^do]wl_]abg ab}br oLZhjOnAoq^`r Z]avj�t � ! \1r ZRab_`c
Z]\(^*}vj�ndr Z]avj�t�Z]r f2}v^Oo]^`_h�Lj�t1_]avf'}v^�yCjpoHZho@rpn5*�abt(~�Z]\(^mg:jpf2ab}v^Ojpf�$h^`nAZ \1rp_HZ]\(^*g�r �4g:^dZ]\(j�i�a�t�upj *p^`i
j�t0avZd� ! \1ab_*_qabg:�2}vw�e(� i1r Zh^`_*Z]\(^!abt�Zh^do@t1rp} i1r Z]r Zhj �Lj�abt�Z*Zhj�Z]\(^!t(^ �/}vjEndr Z]abj�t � ! \2ab_*ndrp}b}NZhj
e(� i1r Zh^�Z]\(^4}vj�ndr Z]avj�t Z]r f2}v^4ab_:\1a�i1i(^`t � avZ]\1abt Z]\(^4g:jpf2a�}bavZxw nAjEi(^pcHrpt1i�t(j ^����2}babndavZ3rpnAZ]avj�t ab_
o]^`�Ee1avo]^`i�yCo]j�g Z]\(^�g�jpf2ab}v^mjpf�$h^`nAZd�

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

Y�_�_h^d^`tlabt�_h^`nAZ]avj�t �(���E��%Ec�e(� i1r Zh^`_¢Zhj�Z]\(^�}vj�ndr Z]avj�t*Z]r f'}v^�rpt1i*jpo�}vjEndr Z]abj�tlZ]r f2}v^N}bjEndr Zhjpo{r o]^�g�rpi(^
rpe(Zhj�g�r Z]abndrp}�}vw!i1e1oqabt(~3g�av~poqr Z]avj�t¢� ! \1ab_�i(jE^`_Ht1jpZ�\(j �H^dup^do`c2_hj�}bup^OZ]\1^lab_]_]e(^Ojpy�rp}�}'j�e1Z]_hZ]rpt1i1abt1~
o]^dyC^do]^`t1nA^`_N\(^`}�i�fJw�jpZ]\(^doq_)� \2abnq\:t(jl}bj�t(~p^do o]^	
2^`nAZ Z]\(^�nAjpoqo]^`nAZ�}vj�ndr Z]avj�t � ��av~�e(o]^ �(� 'ma�}b}be1_hZho@r Zh^`_
� \1r Z�\2r �1�L^`t1_3� \(^`t:j�t1^ _]e1n@\:j�e(Z]i1r Zh^`i!o]^dyC^do]^`t1nA^ ab_�e1_h^`i:Zhj�a�t�upj *p^Orlg:^dZ]\(j�i�j�t:Z]\1^�o]^`g:jpZh^
jpf�$h^`nAZd�
� t��2~�e(o]^ �(� 'Jc�Z]\(^�abt1avZ]abrp}(a�t�upj�ndr Z]avj�t�fEw:Z]\(^ nd}�av^`t�Z�o]^`_]e1}vZ]_�abt:Z]\(^��1o]j���w:r ZhZh^`g:�1Z]abt1~�Zhj�nAj�tJZ]rpnAZ
Z]\(^�jpf�$h^`nAZ{j�t3Z]\(^�u�( j�_]Z�r Z3� \2abnq\�Z]\(^�nd}be1_hZh^do3��rp_ \(j�_hZh^`i.� \(^`t�Z]\(^��1o]j �Ew ��rp_ }brp_hZ�e1_h^`i¢� ! \1^
u (�j�_hZNnAj�g�g3e1t1a�ndr Z]avj�t1_ _hZ]rpn-*�r ZhZh^`g��1Z]_NZhjlabtJupj *p^ Z]\(^ o]^`g�jpZh^�g:^dZ]\(j�i:ndrp}b}�j�t�Z]\(^ jpf�$h^`nAZdc�f2e1Z
yCrpa�}b_*rp_lZ]\(^�nd}�e1_hZh^do�abt ��\1abnq\ Z]\1^�jpf�$h^`nAZlo]^`_]abi1^`i|t(j }vj�t(~p^dol^��(ab_hZ]_lj�tGZ]\1ab_mu�(�j�_hZd�!YOt|^do]o]jpo
ab_�o]^dZ]e(o@t(^`i ZhjGZ]\(^�a�t�upj *�abt(~ �1o]j �Ew

�

� \2abnq\ Z]\(^`t
nAj�t�Z]rpnAZ]_�Z]\(^ }vj�ndr Z]avj�t�Z]r f'}v^4o]^`_h�Lj�t1_]abf2}v^
y>jpoOZhoqrpn-*Eabt1~!Z]\1a�_ nd}be1_]Zh^do �CZ]\(^�o]^dyC^do]^`t1nA^3Zhj!Z]\(^�}vj�ndr Z]avj�t Z]r f2}v^�a�_ ndrpnq\1^`i|abt4Z]\(^3�1o]j �Ew �@� ! \1^



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

Object

vHost

some remote

invocation

local

proxy

Invoke

Error: unknownCluster

proxy

LT

LT

new cluster location

Invoke

client

Reply
client

resolve

vHost’

��av~�e(o]^ �(� ' � � � � ��� � ��� � � � � � � � � � � � �

}vj�ndr Z]avj�t�Z]r f'}v^�o]^d�2}bav^`_.� abZ]\ Z]\(^ t(^ � nd}be1_]Zh^do�}vjEndr Z]abj�t rpt1i Z]\(^4�1oqj���w o]^`a�_]_]e(^`_3Z]\(^4jpoqab~�abt1rp}
abtJupj�ndr Z]avj�t Zhj|Z]\(^4jpf�$h^`nAZ:j�t�avZ]_:t(^ � u�( j�_hZ�rpt2i�ndrpnq\(^`_:Z]\1^ t(^ � }vj�ndr Z]avj�t � "�jpZh^pc Z]\2r Z�rp_
_]\1j � t abt��2~�e(oq^ �(� 'Jc'Z]\(^�ndrp}b}¢Zhj�Z]\1^�}vj�ndr Z]avj�t Z]r f'}v^�ab_�rp}�_hj r:o]^`g�jpZh^�abtJupjEndr Z]abj�t�u�abr:r��2o]j���wp�
��a�t1nA^�Z]\(^m}vj�ndr Z]avj�t Z]r f'}v^�ab_ rp}b_hj3g:jpf2ab}v^pcJZ]\1ab_ g�r`w rp}�_hj�o]^`_qe1}vZ�abt!r�ndrp_qndrpi(^`i�o]^df2abt1i2abt(~(c � \1a�nq\
ab_ _]\(j ��t4abt��2~�e(o]^ �(� �E�
� t��2~�e(oq^ �(� �EcJZ]\(^�ndrp}�}(ZhjlZ]\(^ }bjEndr Z]avj�t�Z]r f2}v^ fEw3Z]\1^�}vjEndr Z]abj�t:Z]r f2}v^��2o]j���w�y�rpab}b_ rp_�Z]\(^ Z]r f2}v^�\1rp_
g:jXup^`i|yCo]j�g�u (�j�_hZ  _]abt1nA^3Z]\(^:}brp_hZmabtJupjEndr Z]abj�t u�abr�Z]\1ab_��1o]j �Ewp�lYO_*abt��2~�e(o]^ �(� 'Jc Z]\1ab_Oo]^`_qe1}vZ]_
abt rptG^do]oqjpo�fL^`abt(~4oq^dZ]e(oqt(^`i0Zhj Z]\(^�nAj�g�g3e1t1abndr Z]abt1~ �1o]j �Ewp� ! \1^!}vj�ndr Z]avj�tGZ]r f'}v^ �1oqj���w|Z]\(^`t
rpnAZ]_�a�t ^��(rpnAZ]}vw�Z]\(^*_]rpg:^ �Hr w!rp_ abt�Z]\(^m�1oq^duEavj�e2_�o]^df'abt1i1abt1~lrpt1i�e1_h^`_ avZ]_�ndrpnq\1^`i4o]^dyC^do]^`t1nA^mZhj
nAj�tJZ]rpnAZ Z]\1^�}vjEndr Z]abj�t:Z]r f2}v^�}vj�ndr Zhjpo�oq^`_h�Lj�t1_]avf2}b^ yCjpoNZhoqrpn-*Eabt1~*Z]\(^�Z]r o]~p^dZH}vjEndr Z]abj�t:Z]r f2}v^�nd}be2_hZh^do`�
! \1^�t(^ �[nd}be1_hZh^dom}vj�ndr Z]avj�t�ab_�o]^dZ]e(o@t(^`i c1Z]\(^ � ! }vj�ndr Z]avj�t�e(� i1r Zh^`i ��avZ]\1abt�Z]\(^3�1o]j �EwpcLrpt1i�Z]\(^
jpoqab~�abt1rp} o]^`_]j�}vup^!oq^`ab_]_]e(^`iGZhj Z]\(^�}vj�ndr Z]avj�t0Z]r f'}v^p� ! \(^!}vjEndr Z]abj�t0Z]r f2}b^ Z]\(^`t o]^dZ]e(oqt2_lZ]\(^�t(^ �
nd}be2_hZh^do }vj�ndr Z]avj�t4Zhj�Z]\1^ljpoqav~�abt2rp}'�2o]j���wpc2rpt1i4Z]\1^*jpoqav~�abt1rp} a�t�upj�ndr Z]avj�t ab_�o]^`ab_]_]e1^`i �
�mtGf&jpZ]\ Z]\1^`_h^�j�ndndrp_]avj�t1_�Z]\(^:o]^df2abt2i1abt(~!jEndnde(o@_ � avZ]\(j�e1ZlrpnAZ]avj�tGyCo]j�g rpt1i|Zho@rpt1_h�2r o]^`tJZ]}vw�Zhj
Z]\(^mnd}bav^`tJZd� Y�}�_hj(cJj�t2}vw�Z]\(^�abtJupj *p^`i�o]^dyC^do]^`t1nA^mab_�e(� i1r Zh^`i¢�{YOt jp�2Z]abg�ab_]r Z]abj�t ndrpt!f&^Or �1�2}bab^`i:Zhj
^`t1_qe(o]^3Z]\1r Z*rp}b}Roq^dy>^do]^`t2nA^`_mZhj4Z]\1ab_Ond}be1_hZh^do � avZ]\2abt�r�nAj�g�g:j�t�u�( j�_]Zlrp}b_hj�o]^	
2^`nAZmZ]\(^:nq\1rpt1~p^pc
\(j�� ^dup^do4Z]\2ab_!g r`w fL^��2o]jpf2}v^`g�r Z]a�n � �(jpo4^��(rpg:�2}v^pc�avy*Z]\1^�e(� i1r Zh^`i
jpf�$h^`nAZ!Z]\(^`t
g:jXup^`_�Zhj
rpt(jpZ]\1^dom\1j�_hZ � ab_�Z]\1ab_�t(^ �#uSrp}be1^��1o]jp�'r ~�r Zh^`i Zhj�Z]\(j�_h^3�1o]^`_]^`t�ZOj�t�Z]\(^�t(^ �#\(j�_hZdcLjpo*ab_ Z]\(^
nAjpo]oq^`nAZOt(^ � uSrp}�e(^*j up^do5� oqavZhZh^`t fJw4Z]\(^�j�}bi(^do u rp}be(^*j�t Z]\(^�t1^ � \(j�_hZ � Y�Z Z]\(^�up^do]w }v^`rp_hZdc'Z]\(^
e(� i1r Zh^ �Hj�e1}bi�t(^d^`i fL^�Z]abg:^`_]Z]rpg:�L^`i � � \1abn@\ oqrpab_h^`_�Z]\(^ a�_]_]e(^�jpymnd}vjEn-* _]wEt1n@\(o]j�t1a�_]r Z]avj�t �
z
\1ab}v^�avZ g�r w4f&^ � jpoqZ]\�ndrpnq\2abt(~�e(� i1r Zh^`i4o]^dyC^do]^`t1nA^`_dc&Z]\(^dw _]\1j�e1}bi�j�t1}vw�fL^�Zhoq^`r Zh^`i rp_O\1abtJZ]_dc



	>( � ����� � ��� � 	�� � � � � � � ��� � � � � ��� � �

some remote

invocation

local

proxy

vHost

Error: unknownCluster

proxy

LT

client

Invoke

Reply
client

Error: unknownCluster
vHost’

LTL

Invoke

resolve obj loc.

resolve LT loc.

resolve obj loc.
LT

new LT cluster location

new object cluster location

Object

?

?

vHost’’

��av~�e1o]^ �(� � � 	)� � � ��� �-� � ��� � ��� ��� � � � � � ��� � ��� � ��� � �

rpt1i�ndr oq^�Z]r0*p^`t Zhj ^`t1_]e1o]^*Z]\1r Z Z]a�g:^lZ]\1r ZOnAj�e1}bi4fL^�_h�L^`tJZ�o]^df2a�t1i1abt(~�i1avoq^`nAZ]}vwpc2t(jpZ�fL^ ��rp_hZh^`i
j�t4^����2}vjpoqabt1~3j�e1Z&%Wjpy %xi1r Zh^3\1abtJZ]_d�
� Z ab_ �Hjpo]Z]\4_]e1g�g r oqab_]abt1~lr�yC^ ��ndrp_h^`_�� \1^do]^�Z]\1^�Zhoqrpt2_h�2r o]^`t1nAw!ndrpt4t(j3}bj�t(~p^do�f&^mg�rpabtJZ]rpabt(^`i �

� � t�Z]\1^�ndrp_h^.� \(^do]^�Z]\(^ � � 	 � � � � � � � �<��� ���!� � � � � 	 � � � �)� � c&Z]\(^�_]rpg:^3_hZh^d�2_Orp_O_q\(j � t
abt �2~�e(o]^ �(� ':Z]r0*p^��2}�rpnA^pc'^��(nA^d�1ZOZ]\1r Z�Z]\1^�o]^df2a�t1i1abt(~�y�rpab}b_d��Y�ZOZ]\1ab_ �Lj�abt�Z�Zhoqrpt1_h�'r o]^`t1nAw
ndrpt t(j�}vj�t(~p^doOfL^�g�rpabtJZ]rpabt(^`i rpt1i Z]\(^�y�rpab}be1o]^�ab_�\1rpt1i(^`i f2rpn5*�Zhj!Z]\(^�nd}bav^`tJZd� (�j �#Z]\(^
r �1�'}babndr Z]avj�t3o]^`nAjXup^doq_�r*}vj�_]Z�_]^`_]_]avj�t:ab_{jpyLnAj�e(oq_h^�r �2�2}babndr Z]avj�t�i(^d�L^`t1i1^`t�Zdc f2e(Z3�Hj�e1}bi:t(^d^`i
_hj�g�^ly>jpo@g5jpy t(^d~pjpZ]abr Z]avj�t4�L^do]yCjpoqg:^`i�fEw�Z]\(^�nAj�tJZ]rpnAZ�jpf�$h^`nAZd�

� z
\(^do]^�Z]\1^do]^ ab_lr � �0/ �8� �<� � � 
 � � � 	 � ��� ��7���
�� ��� �9� 
���� � � c{rpt2i|Z]\(^�o]^df'abt1i�Z]\(o]j�e(~�\
Z]\(^|}vj�ndr Z]avj�t�Z]r f2}v^|}vj�ndr Zhjpo4y�rpab}b_!Zhj �&t1i r u rp}babi�}vj�ndr Z]avj�t�Z]r f2}v^pcOZ]\(^`t
rp_]_]e1g�a�t(~0Z]\(^
r �1�'}babndr Z]avj�t|ndrpt|oq^`_hZ]r o]Zdc�rp}�} _hZh^d�2_ � % � yCo]j�g��2~�e1o]^ �(��%4t(^d^`i|Zhj4fL^:o]^d�L^`r Zh^`i ��YO_ � abZ]\
Z]\(^ _]abZ]e1r Z]avj�t � \(^do]^HZ]\(^�_h^do]u�abnA^�jpf�$ ^`nAZ t(jm}vj�t(~p^do�^��(ab_hZ]_dcpZ]\1^HnAj�tJZ]rpnAZNjpf�$h^`nAZ t(^d~pjpZ]abr Z]avj�t
� a�}b}&f&^lt1^d^`i(^`i avy�Z]\(^do]^�ab_ rptJw4\(jp�L^*jpy�oq^`nAj up^doqabt1~ r�}vj�_hZ�_]^`_]_]avj�t �



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

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

YOt r �1�2}�abndr Z]avj�t
 _4}vj�ndr Z]avj�t�Z]r f'}v^`_ r o]^|j�� t(^`i�fEw
Z]\(^|o]jEjpZ�r �1�2}ba�ndr Z]avj�t�jpf�$ ^`nAZd� Y�}vZ]\1j�e(~�\
Z]\(^:^��(rpnAZltEe1g�fL^domjpy }bjEndr Z]avj�t Z]r f'}v^�o]^d�2}babndrp_mab_mi(^dZh^do@g�abt(^`i�fEw�Z]\(^:r �1�2}�abndr Z]avj�t��Lj�}babnAwpc avZmab_
rp_]_qe1g:^`i�Z]\2r ZH_hj�g�^�i(^d~po]^d^�jpy o]^d�2}ba�ndr Z]avj�t � ab}�}�f&^Oi(^`_]avo@r f2}v^p� � ^`}br Z]avup^`}vw�_]Z]r Z]abn }vj�ndr Z]avj�t jpy Z]\(^
}vj�ndr Z]avj�t4Z]r f'}v^`_�ab_ ^`t2nAj�e(oqr ~p^`i Zhj o]^`i1e1nA^*Z]\(^�f2e(oqi(^`t�j�t4Z]\1^�}vj�ndr Z]avj�t4Z]r f2}v^l}bjEndr Zhjpo`�
& rpnq\ nd}be1_hZh^do3g�rpabtJZ]rpabt1_*oq^dy>^do]^`t2nA^`_�Zhj g:jpo]^!Z]\1rptGj�t(^!jpy Z]\(^!r �2�2}babndr Z]avj�t  _l}vj�ndr Z]avj�tGZ]r f2}b^`_d�
z
\(^`t0r nd}be1_hZh^do�ab_lnAo]^`r Zh^`i avZlab_�abt1avZ]a�rp}bab_h^`i�� avZ]\Gr�nAjp�Jw|jpy Z]\(^ �2r o]^`tJZ  _�}vj�ndr Z]avj�t|Z]r f'}v^�o]^dy %
^do]^`t2nA^`_d�
z�\(^`t r0nd}be2_hZh^do g:jXup^`_dc�Z]\(^�e2t1i(^doq}vw�abt(~ g�av~po@r Z]avj�t
_hw�_hZh^`g t(jpZ]a��2^`_ Z]\(^�nd}be1_]Zh^do� _
rpe(Z]\1jpoqavZ]r Z]avup^��1oqabg r o]w�}vjEndr Z]abj�t Z]r f'}v^pc � \1a�nq\
e1�Li2r Zh^`_ Z]\(^�o]^d�2}�abndr0}vj�ndr Z]avj�t Z]r f2}v^`_4� avZ]\ r
��r`wpj�e��,�
	���}�a *p^l}br��dw�nAj�t1_]ab_hZh^`t2nAw!�1oqjpZhjEnAj�} �

BA
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LT1 LT2

LT1LT2Ref

APPLICATION

�{ab~�e(o]^ �(��� � � � � ��� � � � � � � ����� � � � � � �5� � ��� � ��� ��� � � ��� � � �

& rpnq\ nd}be1_hZh^do3\1rp_lj�t(^!�1oqabg r o]w�rpt2i0r�_]^dZ�jpy _h^`nAj�t1i1r oqwG}vjEndr Z]abj�tGZ]r f2}v^`_`��z
\(^`t0Z]\(^!nd}be2_hZh^do
g:jXup^`_dc Z]\(^�e(� i1r Zh^`_�r o]^�g�rpi(^!j�t1}vw Zhj Z]\1^ �1oqa�g�r o]wp� ! \(^ �2oqabg�r o]w�ab_lZ]\1^`t0o]^`_]�&j�t2_]avf2}v^�yCjpo
e(� i1r Z]a�t(~4Z]\(^�o]^d�2}babndrp_`c�rpt1i j�t1}vw Z]\(^!�1oqabg�r oqw�}vj�ndr Z]avj�t Z]r f2}v^!jpy�r�nd}be1_]Zh^do3ab_�rpe(Z]\(jpoqabZ]r Z]avup^p�
& rpnq\ o]^dy>^doq^`t1nA^�Zhj�rpt jpf�$h^`nAZ�abt�r g:jpf2a�}v^lnd}be1_hZh^do�nAj�t�Z]rpabt2_ Z]\(^�_]rpg:^�jpo@i(^do]^`i�}�ab_hZ�jpyN}vj�ndr Z]avj�t
Z]r f2}b^`_dc2rp_�_]\1j � t a�t��2~�e(o]^ �(���E�
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� y�r nd}�e1_hZh^do4ndrpt1t(jpZ4nAj�tJZ]rpnAZ�avZ]_!�1oqabg�r oqw }vjEndr Z]abj�t Z]r f'}v^pc�_]r w i1e1oqabt(~0g av~poqr Z]avj�t c Z]\(^|t(^��EZ
}vj�ndr Z]avj�t4Z]r f2}v^la�t4avZ]_�}bab_]Z�a�_��1o]j�g:jpZh^`i�Zhj�fL^*Z]\(^*�1oqabg r o]wpc(rpt1i4Z]\1ab_ }bjEndr Z]avj�t Z]r f2}v^�t(j�� �1o]jp��%
r ~�r Zh^`_mrpt�w n@\1rpt(~p^`_d����e1f2_h^`�Ee(^`t�Z oq^`_hj�}vup^`_dc'fJw4\(j�}bi1^doq_ jpy o]^dyC^do]^`t1nA^`_ � avZ]\4j�e(Z]i2r Zh^`i��1o@abg�r o]w
abt(yCjpoqg�r Z]avj�t¢c ��ab}b}Le(� i1r Zh^mZ]\(^`avo�^��(ab_hZ]a�t(~�o]^dy>^doq^`t1nA^lZhj�o]^	
'^`nAZ�Z]\(^lnq\2rpt(~p^�jpy��1oqa�g�r o]wp�

� t0Z]\(^!ndrp_]^ jpy�r�t1^dZ,�Hjpo5*G�2r o]Z]abZ]avj�t cRZ � j i1a��L^do]^`tJZ�}vj�ndr Z]avj�tGZ]r f'}v^`_�g�r wGnAj�t1_]abi1^do�Z]\1r Z�Z]\(^dw
r o]^:Z]\(^:�1o@abg�r o]w � Z]\(^:jpo@av~�abt1rp}{�1oqa�g�r o]w ���  �*rpt1i�Z]\(^�t(^ � }vw��1o]j�g:jpZh^`i|�2oqabg�r o]w ��� � �@�R� �
rpt1i�Z]\(^:nd}be1_hZh^do*g3e1_hZm}bav^3j�t�j�t(^:_]abi(^3jpyNZ]\(^:t(^dZ � jpo5*��2r o]Z]abZ]avj�t cLrpt1i rpt�w o]^dy>^doq^`t1nA^`_ � ab}b}RfL^
e(� i1r Zh^`i�nAjpoqo]^`nAZ]}vw�rp_O�1o]^du�avj�e1_q}vw4i(^`_]nAoqavfL^`i ��Y o]^dy>^doq^`t1nA^�j�t�Z]\(^�jpZ]\(^do*_]abi(^�jpyNZ]\(^3�2r o]Z]avZ]abj�t
� ab}b}�y�rpab}(Zhj3nAj�t�Z]rpnAZ�Z]\(^�nd}be1_hZh^doHrpt1i nAj�tJZ]rpnAZ �  vc�� \2abnq\ j�t1}vw�\(j�}bi1_ j�e1Z]i1r Zh^`i!a�t(y>jpo@g�r Z]avj�t:^dup^`t
Z]\(j�e(~�\|avZlnAj�t2_]abi(^doq_OZ]\1r ZlabZlab_OZ]\(^:�1oqabg r o]wp�:�(abt1nA^��  ¢ndrpt1t(jpZl_qe(�1�2}vw rpt�w abt(yCjpoqg�r Z]avj�t�Z]\1r Z
� ab}b}�rp}b}bj �6Z]\(^�oq^dy>^do]^`t2nA^:Zhj f1o]^`rpn@\GZ]\(^�t(^dZ � jpo-*��'r o]Z]avZ]avj�t c¢r yCrpe1}bZlnAj�t1i1avZ]avj�t�o]^`_qe1}vZ]_d� �mt1nA^
Z]\(^*�2r o]Z]abZ]avj�t�ab_�o]^d�2rpavoq^`i c(r�Z]abg:^`_hZ]rpg:�4j�t Z]\(^l}vj�ndr Z]avj�t�Z]r f2}v^*^`tJZho]w�y>jpo ^`rpn@\�nd}be1_]Zh^do ^`t1_]e(o]^`_
Z]\1r Z��  'ab_�nAjpo]o]^`nAZ]}vw e1�Li2r Zh^`i rpt1i�ab_�i(^`g:jpZh^`i �1o]jp�L^doq}bwp� � yNr��1o@abg�r o]w�}vj�ndr Z]avj�t Z]r f2}b^�ndrpt1t(jpZ
o]^`_hj�}vup^�r nd}be1_]Zh^do�r Z�avZ]_�}brp_hZ�rpi2i(o]^`_]_dc�Z]\(^`t0abZ�ab_lrp_]_qe1g:^`i|Z]\1r Z�Z]\(^ nd}be2_hZh^do�t(j }vj�t(~p^do�^��(ab_hZ]_
rpt1i|ab_m~�r o]f'r ~p^ nAj�}b}v^`nAZh^`i0y>o]j�g rp}�}�Z]\(^�}vj�ndr Z]avj�t Z]r f2}v^:o]^d�'}babndrp_d� ! \1ab_mab_*nAj�t2_]ab_hZh^`tJZ � avZ]\ Z]\(^
_]avZ]e1r Z]abj�t4abt�upj�}buEabt1~�t1^dZ,�Hjpo5*��2r o]Z]avZ]avj�t¢�

! \(^m�1o]j�g�jpZ]avj�t�rpt1i4i(^`g:jpZ]avj�t�g:^`n@\1rpt1ab_qg y>jpo �1o@abg�r o]w�}vj�ndr Z]avj�t�Z]r f2}b^`_ t(jpZ�j�t1}vw rp}b}bj � _ \(jpZ&%
_+��r ��}bjEndr Z]avj�t�Z]r f2}v^Ho]^d�2}�rpnA^`g:^`t�Z�abt�yCrpe1}bZ�nAj�t1i1abZ]avj�t1_dcSf2e(Z{ndrpt3rp}�_hj�fL^He1_h^`i�y>jpo�}vj�rpi3f2rp}brpt1nda�t(~
j up^doOZ]\(^l_h^dZ�jpy�o]^d�'}babndr Zh^`i4}vj�ndr Z]avj�t4Z]r f2}b^`_d�

��������� � �"� � � � � 	 � � �	�

�mt1}vw�Z]\(^3r �1�2}babndr Z]abj�t \1rp_�Z]\(^�rpe(Z]\1jpoqavZxw4Zhj�nq\1rpt1~p^�Z]\(^3g�r �1�2a�t(~�_�� avZ]\2abt4avZ]_O}vjEndr Z]abj�t Z]r f2}v^pc
rpt1i Z]\1ab_Oab_�i1j�t(^�Zho@rpt1_h�2r o]^`tJZ]}vw�i2e(oqabt(~�g�jpf2ab}bavZ wp� � a *p^ � ab_]^pc'Z]\(^3^`tJZho]w�nAjpo]o]^`_]�&j�t2i1abt(~�Zhj�Z]\(^
}vj�ndr Z]avj�t�Z]r f'}v^/� abZ]\1abt4Z]\(^�}vj�ndr Z]avj�t Z]r f2}v^�}vjEndr Zhjpo c&g�r w j�t1}vw4fL^3e(� i1r Zh^`i fEw4Z]\(^�r �1�2}babndr Z]abj�t

�

_]�&^`ndav�'ndrp}b}vw�abt!Z]\1ab_�ndrp_]^pcEfEw�Z]\(^mr �1�2}�abndr Z]avj�t
 _ }vjEndr Z]abj�t Z]r f2}b^p� ! \(^do]^Or o]^Ot1j�rpndnA^`_]_ nAj�tJZho]j�}b_
j�t�oq^`_hj�}vu�abt(~!a�t�rptJw jpy Z]\(^3�2r o]Z]_�jpyNZ]\(^�}vjEndr Z]abj�t _h^doquEabnA^pcLrpt1i�e(� i1r Z]abt(~:�2o]j��(av^`_�Zhj�oq^	
2^`nAZOr
o]^`}vj�ndr Zh^`i|jpf�$h^`nAZ  _�nd}be2_hZh^dolab_me1t1i(^doqZ]r0*p^`t|fJw Z]\(^:�1o]j ��ab^`_mZ]\(^`g�_h^`}vup^`_lj�t Z]\(^�nd}bav^`tJZ  _*fL^`\1rp}vy c
t(jpZ�fEw!Z]\1^lr �1�2}babndr Z]abj�t �
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! \1^labt�Zh^do@t1rp}L_hZhoqe1nAZ]e(oq^*jpy�Z]\(^ � jEndr Z]abj�t ! r f2}v^ � j�ndr Zhjpo�rpt1i �N^`}b}vj ���{r ~p^`_�r o]^lo]^`_]^`r oqnq\4�2o]jpf'%
}v^`g _Oa�t�Z]\(^`abo�j�� t oqav~�\JZdc rpt1i r oq^�t1jpZ ��avZ]\1abt�Z]\(^3_qnAjp�&^�jpyNZ]\2ab_O�2r o]Z]abnde1}�r o Z]\(^`_]a�_d� ( j�� ^dup^do`c
Z]\(^O�1o]jXuEa�_]avj�t!jpyR}vj�ndr Z]avj�t�Z]r f2}v^`_Habt Z]\1^ "�j�g�rpi4r oqn@\1avZh^`nAZ]e(o]^mo]^`i2e1nA^`_�Z]\1^O}vj�rpi�jpyRg�jpf2ab}bavZ w:fJw
Z]\(^mtEe1g�fL^doHjpy¢jpf�$h^`nAZ]_ � avZ]\1a�t�rpt�r �1�2}babndr Z]abj�t � ! \(^do]^dyCjpo]^�_qe1avZ]r f2}v^Ondrpt1i1abi2r Zh^`_ nAj�e1}�i!abt2nd}be1i(^
�

� ! \(^lg:j�i1a��2^`i � � � � %WZho]^d^�r oqn@\1avZh^`nAZ]e(oq^ly>oqj�g � �
	 �¢yCjpo�Z]\(^ �N^`}b}bj � ��r ~p^`_d�

� ! \(^ }vj�ndr Z]avj�t _h^doquEabnA^ r o@nq\1avZh^`nAZ]e1o]^ yCo]j�g !m}vjpfL^ � 	�c �)( %(c��)(>� � nAj�e1}bi�rp}�_hjGfL^4e1_h^`i�yCjpo
Z]\(^O}bjEndr Z]avj�t�Z]r f2}b^�}vj�ndr Zhjpo � avZ]\�abg:�1o]jXup^`i ^ "�nA^`t1nAw � rp_Hj�t1}vw:j�t(^Oo]^dyC^do]^`t1nA^mab_ t1^d^`i(^`i
abt0Z]\1^!o]jEjpZ3y>jpo�^`rpnq\�r �2�2}babndr Z]avj�t }vj�ndr Z]avj�t Z]r f2}v^pc oqr Z]\(^do3Z]\1rpt j�t(^�o]^dyC^do]^`t1nA^�y>jpo3^`rpnq\
jpf�$ ^`nAZd�

� g:�2}v^`g�^`t�Z]r Z]avj�tGjpy ~�r o]f2r ~p^!nAj�}�}v^`nAZ]avj�tGjpy i(^`rpiG^`t�Zhoqab^`_�abt|Z]\1^ � ! � rpt2i �N^`}b}vj�� ��r ~p^`_�oq^`}bav^`_
j�t Z]\(^�g:^`n@\1rpt1ab_qg�_Ni(^`_]ab~�t(^`i�abtJZhj � \1a�nq\(^dup^doHr oqnq\1abZh^`nAZ]e(o]^ ab_ rpi(jp�1Zh^`i �)(�j �H^dup^do`c�Z]\(^ f'abt1i1abt1~
jpy*_h^do]u�abnA^�t2rpg:^`_:Zhj r �2�2}babndr Z]avj�t2_:r o]^�}ba *p^`}bw0Zhj0oq^d�1o]^`_h^`tJZ nAj�t1_]a�i(^doqr f2}v^4abtJup^`_hZ]g:^`tJZ j�t Z]\(^
�2r oqZ�jpy�Z]\(^!j � t1^do�jpy rpt r �1�2}�abndr Z]avj�t ����e1n@\ t2rpg:^`_�Z]\1^do]^dy>jpoq^!ndrpt1t(jpZ3fL^ ~�r o]f'r ~p^�nAj�}b}b^`nAZh^`i
rpt1i|t1^d^`i Zhj4fL^3o]^`tJZh^`i �Cj�t|_]r`w rpt|rpt1tEe1rp}{f2rp_]ab_ � � avZ]\ oqav~�\JZmjpy�o]^`t1^ �Hrp}�rp_*ab_mnde(o]oq^`t�Z]}vw�Z]\(^
_]abZ]e1r Z]avj�t � abZ]\ � "m�:^`t�Zhoqab^`_d� ! \(^ � ! � ^`t�Zhoqab^`_Nr o]^ r�i1a��L^do]^`t�ZNg r ZhZh^do fL^`abt(~*r��2e(o]^`}vw3abtJZh^doqt1rp}
o]^d�2o]^`_h^`tJZ]r Z]avj�t c _hj�Z]\1^dwGg�r`w|fL^ i(^`}b^dZh^`i � \1^`t|y>j�e2t1iGZhj f&^!abt�u rp}babi¢� !m}bjpf&^ �,��� avZ]_h^`}byHZ]r0*p^`_
Z]\1a�_ r �1�1o]j�rpn@\ �

� � � � 	 � � � � � ��	��

� Z�ab_�jpy>Zh^`t�abg:�Lj�_]_]abf2}v^OZhj!Zh^`}b}Ravy r�y�rpab}be(o]^*ab_ �L^doqg�rpt(^`tJZ�jpo Zho@rpt1_]av^`tJZ �Hr yCrpa�}v^`i g�rpn@\1abt(^�}bjJj *�_
abi1^`t�Z]abndrp}�Zhj rGt(^dZ,�Hjpo5* �2r o]Z]abZ]avj�t�abtJupj�}vuEa�t(~ Z]\1r Z _]rpg:^ g�rpnq\1a�t(^p� � t
rp}b} ndrp_h^`_!Z]\(^ " j�g rpi
}vj�ndr Z]avj�t _]^do]uEa�nA^ rp_]_]e1g:^`_�Z]\1r Z�Z]\(^4y�rpab}be(oq^�a�_��&^do@g�rpt(^`tJZ�rpt1i �2e(o]~p^`_ i1ab_]nAj�t1t1^`nAZh^`i�^`t�Zho@av^`_
yCo]j�g�Z]\(^ � ! � rpt2i Z]\1^3r �1�'}babndr Z]avj�t
 _ � ! _d� &�tJZhoqav^`_Oabt�Z]\1^ �N^`}b}bj � ��r ~p^`_dc
� \2abnq\ f2abt1i _h^do]u�abnA^
t1rpg�^`_ Zhjlr �1�2}ba�ndr Z]avj�t1_dcpo]^d�2o]^`_h^`tJZ�nAj�t2_]abi(^doqr f'}v^ abt�up^`_]Z]g:^`t�Z Zhj*Z]\1^ j � t(^do rpt1i:r o]^�t(jpZ �2e1o]~p^`i c
rp_�i(^`_]nAoqavfL^`i�r fLj up^p�
�E^`nAZ]abj�t
�(���E� � j�e(Z]}babt1^`_#��\1r Z4\1r �1�L^`t1_#� \(^`t
r�}vj�ndr Z]avj�t�Z]r f2}v^Gab_�_h^d�2r o@r Zh^`i
y>o]j�g Z]\1^�oq^`_hZ
jpyOZ]\(^4r �1�2}ba�ndr Z]avj�t�� � avZ]\ jpo � avZ]\(j�e1Z3yC^`}b}vj��5r �1�2}babndr Z]abj�t nd}�e1_hZh^doq_ ��fEw r t(^dZ � jpo5* �2r oqZ]avZ]avj�t �
sO}vZ]abg�r Zh^`}bw�Z]\1^�}vj�ndr Z]avj�t Z]r f2}v^`_�j�t ^`rpnq\ _]a�i(^ljpy Z]\(^��2r o]Z]avZ]avj�t f&^`nAj�g�^�rpe(Z]\(jpo@avZ]r Z]avup^3y>jpoOrpt�w



	#� � ����� � ��� � 	�� � � � � � � ��� � � � � ��� � �

nd}be1_hZh^do@_�j�t!Z]\(^`avo�_]abi(^ jpy¢Z]\(^O�2r o]Z]avZ]avj�t¢c�^����2e1t(~�abt1~�rp}b}1^`tJZhoqav^`_ � \2abnq\!r o]^Ot1j�}vj�t(~p^do�o]^`rpn@\1r f2}v^p�
�mt1nA^lZ]\1^*�2r o]Z]avZ]avj�t�ab_�o]^d�2rpavoq^`i�Z]\(^�r �1�2}�abndr Z]avj�t4}vj�ndr Z]avj�t4Z]r f2}b^`_ ndrpt4fL^lg:^do]~p^`i nAj�t1_]ab_]Zh^`t�Z]}vwp�
! \1ab_Hg:^`n@\1rpt1ab_]g *p^d^d�'_�Z]\(^l}vj�ndr Z]avj�t�_h^do]u�abnA^*nAj�t1_]ab_hZh^`tJZdc1\(j�� ^dup^do`c'avZ ab_�e(��Zhj:Z]\(^*r �1�2}babndr Z]abj�t
Zhj i(^`rp}
��avZ]\�Z]\(^ly�rpab}be(oq^Orpt1i o]^`abtJZh^d~poqr Z]avj�t4jpy avZ]_ jpZ]\1^do nAj�g:�Lj�t(^`tJZ]_d�
! \(^�nAjpo]o]^`nAZNr �1�'}babndr Z]avj�t3o]^`_h�Lj�t1_]^Hi(^d�L^`t1i2_Rj�t�Z]\(^ nAj�g:�Lj�t(^`tJZ]_�Z]\1r Z \1r up^ f&^d^`t:i2ab_]nAj�t1t(^`nAZh^`i¢c
_hj�g:^�ndrpt�fL^�y>oq^d^`}vw�r f2rpt1i1j�t(^`i �C^`avZ]\(^doNt(jpZ nAoqrp_q\�o]^`nAj up^do]^`i jpo�}v^dyCZ�Zhj*f&^`a�t(~ ~�r o]f'r ~p^ nAj�}b}v^`nAZh^`i
fJw�Z]\(^`avo*\(j�_hZ � ^d�&jpZ*r ZmZ]\(^�^`t1i�jpyNZ]\(^:nde(oqo]^`t�ZmnAj�tJZhoqrpnAZ �@c � \1^do]^`rp_OjpZ]\(^doq_Oo]^d�1o]^`_]^`t�Z*}vj�t(~p^do
Zh^doqg nAj�g�g avZ]g:^`tJZ]_dc�_]e2nq\Grp_��&^do@_]ab_hZh^`i nd}be1_]Zh^doq_d� �mt(^:�Lj�_]_qavf2}v^3_hj�}be(Z]avj�t|a�_*Z]\1r Zlavy�r4nAoqavZ]abndrp}
nAj�g:�Lj�t(^`tJZ �'t1i1_LavZ]_]^`}vyEg r o]jJj�t1^`i cXavZ¢nAj�e2}bi*nAo]^`r Zh^ r }vjEndrp}p}bjEndr Z]avj�tlZ]r f2}v^�e1_qabt(~HZ]\(^�abt(yCjpoqg�r Z]abj�t
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Z]\1rpt Z]\(^ � e(Z]nq\Grpe2nAZ]avj�t��1o]jpZhj�nAj�} c ^`_h�L^`ndabrp}b}vw a�t Z]\1^�ndrp_]^.��\(^do]^�f2abi1i1^doq_ r o]^:\(^dZh^doqjp~p^`t(^dj�e1_
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Z]\(^�g:jEi1^`}LZ]\1r Z ab_ t(jpo@g�rp}b}vw�_h^`}v^`nAZh^`i yCjpo g:j�i(^`}b}�abt(~�\Je1g rpt4rpe1nAZ]avj�t1_d�



� 	 � 	 ��� � � � �
� ��� � � � � � � ��� � ��� � � %
	

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

! \1^�g�j�_hZ _]av~�t1a��&ndrpt�Z�o]^`_]e2}vZ{a�t3rpe2nAZ]avj�t�Z]\(^djpo]w3ab_{Z]\(^ 	�� � � � ��� � � �8��� 
 � ����� � ��7���� 	 �:/ � �)(6' �W�
! \2ab_ _hZ]r Zh^`_�Z]\1r Z rp}b}LyCj�e(o rpe1nAZ]abj�t4�1o]jpZhj�nAj�}b_ w�av^`}bi�Z]\(^�_]rpg:^ � � ��� � � �5��o]^dZ]e(o@t4abt��1oqavu r Zh^*u rp}be(^
rpe1nAZ]abj�t1_d�
� t�rpi1i2avZ]avj�t c(Z]\(^�_hZhoqr Zh^d~�av^`_Orpt1i �'r`wpj�� _�rp_]_]jEndabr Zh^`i�� avZ]\ Z]\(^ � e(Z]nq\�rpt1i ��^`rp}v^`i�% ��abi�rpe2nAZ]avj�t
�1oqjpZhjEnAj�}b_`c ^dup^`t yCjpo�t(j�t
�2oqavu r Zh^�%WuSrp}be1^�rpe1nAZ]avj�t1_`c�r o]^ Z]\1^ _]rpg:^p� ! \1r Z�ab_dc�Z]\(^ � e(Z]n@\
rpt1i
�E^`rp}b^`i�% ��abi!rpe2nAZ]avj�t��1o]jpZhj�nAj�}b_�r o]^*_hZhoqr Zh^d~�abndrp}�}vw�^`�Ee1avu rp}v^`t�Zdc�abt�rp}b}&Z]\(o]^d^OuSrp}�e1r Z]avj�t�g:j�i(^`}b_dcErp_
j�t1}bw!Z]\(^ ��abt1t1abt1~�f2a�i�g r ZhZh^doq_ rpt1i�t(j�abt(yCjpoqg�r Z]avj�t4a�_�o]^dup^`rp}v^`i�i2e(oqabt(~3Z]\(^�rpe2nAZ]avj�t4�1o]j�nA^`_]_d�
� t��1oqabuSr Zh^4u rp}be(^ rpe1nAZ]abj�t1_:Z]\(^ & t(~�}bab_q\ rpt2i�kOa�n5*Eo]^dw�rpe1nAZ]avj�t �2o]jpZhjEnAj�}�_:�1o]j�i1e1nA^�Z]\(^�_qrpg:^
rp}b}bjEndr Z]avj�t2_���r ZOZ]\(^�_qrpg:^��2oqabnA^`_ �@c � \(^do]^�Z]\(^�f'abi1i(^do ��\(j�u rp}be(^`_�Z]\(^3abZh^`g g:j�_]Z � abt2_ avZdc'f2e(Z
i(jl_]j ��avZ]\�i1a��L^do]^`t�Z _hZho@r Zh^d~�av^`_dcJ_]^d^�_h^`nAZ]avj�t 	E�,�(� 	E� (�j �H^dup^do`cEZ]\(^ &�t(~�}�ab_]\3rpt1i�kOa�n5*Eo]^dw3rpe2nAZ]avj�t
�1oqjpZhjEnAj�}b_ r oq^�t1jpZ�^`�Ee1avu rp}v^`tJZ�a�t�t(j�t'%W�1oqavu r Zh^ u rp}be(^�rpe1nAZ]avj�t2_dc�rp_�Z]\(^Hjp�&^`t3j�e(Z]nAoqw�t1r Z]e(oq^ jpy'Z]\(^
& t(~�}bab_]\�rpe1nAZ]avj�t �2o]jpZhjEnAj�}��2o]j u�abi(^`_mrpi1i1abZ]avj�t1rp}{abt(yCjpoqg�r Z]avj�t�Zhj�Z]\(^:f2abi2i(^doq_dc � \1abn@\ ndrptGZ]\(^`t
rp}vZh^do�Z]\(^`abo�u rp}be1r Z]avj�t2_d� ��ab}v~po]j�g rpt1i z|^dfL^do �,% '���_]\1j � Z]\1r Z:abt0nAjpo]oq^`}br Zh^`i uSrp}be1^!rpe1nAZ]avj�t2_dc
Z]\1a�_�^`t2r f2}v^`_OZ]\(^ &�t(~�}�ab_]\ � rpe2nAZ]avj�t �1o]jpZhj�nAj�}�Zhj4~p^`t(^doqr Zh^:~po]^`r Zh^do�o]^dup^`tJe1^:Z]\1rpt�Z]\(^:kOa�n5*Eo]^dwpc
� e(Z]n@\�rpt1i ��^`rp}v^`i�% ��abi��1o]jpZhj�nAj�}b_���\(^`t4Z]\(^do]^lr oq^lZ]\(o]^d^ljpo�g:jpo]^lf2a�i1i(^doq_d�

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

� y1r nA^do]Z]rpa�t�_hZho@r Zh^d~pw��2r wE_{r �'}br`wp^do{Z]\(^ \2av~�\(^`_hZ¢�'}br`wpj���cpo]^d~�r oqi1}b^`_]_¢jpy1jpZ]\1^do��2}�r`wp^doq_  S_hZhoqr Zh^d~�av^`_`c
Z]\(^`t Z]\1r Z _hZhoqr Zh^d~pw a�_ *Et(j�� t rp_�r�i(j�g�abt2rpt�Z _hZhoqr Zh^d~pwp�
"�^`avZ]\(^dolZ]\1^ � e(Z]nq\ t(jpolZ]\(^���^`rp}v^`i�% ��abi|rpe1nAZ]avj�t0�1o]jpZhj�nAj�}b_l\1r up^!r4i(j�g abt1rptJZl_hZhoqr Zh^d~pwp� ! \(^
i(j�g abt1rptJZl_hZhoqr Zh^d~pw y>jpo�Z]\(^ &�t1~�}bab_]\ rpe1nAZ]avj�tG�1o]jpZhj�nAj�}Nab_*Zhj f'abi r _]g�rp}b} a�t1nAo]^`g:^`tJZ*j up^do�Z]\(^
nde(oqo]^`t�Z�f2abi4�2oqabnA^�rpt2i�_hZhjp��� \(^`t�Z]\(^��2oqavu r Zh^luSrp}�e(^�ab_ o]^`rpnq\1^`i � ! \(^3i(j�g�abt2rpt�Z _]Zhoqr Zh^d~pw�yCjpo
Z]\(^�kOabn-*Joq^dw rpe1nAZ]abj�t��1o]jpZhj�nAj�}�ab_�ZhjGf'abi Z]\(^4Zhoqe(^4u rp}be(^4jpyOZ]\(^ avZh^`g � ��^`ndrp}b} cHZ]\(^4kmabn5*Eo]^dw
rpe1nAZ]abj�t��1o]jpZhj�nAj�}�ab_ �Hj�t�fEw Z]\1^ \1av~�\(^`_hZ:f'abi1i(^do`c f'e(Z�r Z�Z]\(^4�1o@abnA^ i(^dZh^doqg�a�t(^`i fJw Z]\1r Z�jpy
Z]\(^�_]^`nAj�t1i|\1av~�\(^`_]Z�f2a�i1i(^do`� ��abi1i2abt(~!}b^`_]_mZ]\1rpt Zhoqe(^�u rp}be(^:ndrpt j�t1}vw i(^`nAo]^`rp_h^�Z]\1^�n@\1rpt1nA^:jpy
� a�t1t1abt(~3rpt1i4ndrpt1t(jpZ�\1r`up^�rptJw�^	�&^`nAZ�j�t Z]\(^m�1oqabnA^m�2rpabi¢c�rp_�Z]\1ab_ ab_ _h^dZ fEw Z]\1^l_h^`nAj�t1i \1ab~�\(^`_hZ
f2a�i1i(^do`� ��abi1i1abt1~ g:jpo]^�Z]\1rpt Z]\(^�Zhoqe1^!u rp}be(^�ZhjGabt1nAo]^`rp_]^!Z]\(^��1oqjpf2r f2ab}babZxw jpy � a�t1t1abt(~ nAj�e2}bi
abtJupj�}vup^lZ]\1^lf2abi1i1^do�abt4rpt�e1t1�1o]j �2Z]r f2}b^�Zhoqrpt2_]rpnAZ]avj�t � �(jpo�^��(rpg:�2}b^pc2_]r`w��#\1rp_�r Zhoqe(^*u rp}be(^*jpy
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�)(:rpt1i � \1rp_�r3Zhoqe(^*u rp}be(^mjpy �E� � y � f2a�i1_ �
�*abt�jpoqi(^do Zhj � a�t!Z]\1^mrpe2nAZ]avj�t c(Z]\(^`t4avZ �'r`w�_ �����
f2abi��1o@abnA^mjpy �)(�c � \1abn@\4ab_ j�t(^lg:jpoq^lZ]\1rpt � ���lZhoqe1^*uSrp}be1^*jpy��:rpt2i \(^`t1nA^labt2nde(oq_ r:}vj�_]_`�
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! o@e(Z]\(y�e1}�f2abi1i2abt(~mab_ Z]\(^Oi(j�g�abt1rptJZN_hZhoqr Zh^d~pw y>jpo Z]\(^�kmabn5*Eo]^dw�rpe1nAZ]avj�t �1o]jpZhj�nAj�} c ��\1abnq\ \1rp_NZ � j
abg:�Ljpo]Z]rptJZ�rpt1i�fL^`t(^A�'ndabrp} _qabi(^m^	�&^`nAZ]_ �

� f2a�i1i(^doq_Ho]^dup^`rp}RZ]\(^`avo�u rp}be(^`_ rpndnde(o@r Zh^`}vw4rp}b}vj ��abt(~�y>jpo�~�}vjpf2rp}b}bw�^ "!ndav^`tJZ rp}b}vj�ndr Z]avj�t1_`c1rpt1i

� f2a�i1i(^doq_�t(^d^`i t1jpZ �Hrp_]Zh^l^	�&jpoqZ]_ abt r ZhZh^`g��1Z]abt(~:Zhj nAj�e2t�Zh^do+%x_]�&^`nde2}br Zh^ljpZ]\(^do�f2abi1i(^do@_d�

�Hj�e1tJZh^do+%x_h�L^`nde1}br Z]abj�t�abt�avZ]_h^`}vy)�Hj�e1}bi �Hrp_]Zh^�nAj�g��2e(Z]r Z]avj�t1rp}�o]^`_hj�e1oqnA^`_mrpt1i a�t�Zho]j�i1e1nA^3nAj�t1_]abi'%
^doqr f2}v^lnAj�g��2}v^��(avZxw�abtJZhj:Z]\(^�_hw�_hZh^`g4c���\1ab}v^mt(jpZ abg��1o]j u�abt(~3Z]\(^ljXup^doqrp}b}�rp}b}vj�ndr Z]avj�t �
� t�rpi1i1avZ]avj�t¢cEZ]\1^do]^�ab_�Z]\(^�jpfJu�avj�e1_ ^ "�ndav^`t1nAw�jpy�_qe(f2g�avZhZ]a�t(~3r _]abt(~�}v^mf2a�i c�f2rp_h^`i4j�t�Z]\(^l_hZ]r f2}v^
i(^`_]nAoqab�1Z]avj�t!jpy�}vjpZ � rpt1i�rpe1nAZ]avj�t � ! \1r Z ab_dc�t(jpZ�j�t1}vw i(jE^`_HZ]\(^mf2abi1i1^doH_]e1f2g�avZ�$]e1_hZ r�_]abt1~�}v^ f2a�i
%Hf'e(Z Z]\(^dw i1j�t(jpZmt(^d^`i Zhj!fL^ *p^d�1Z*e(�'%WZhj0%xi1r Zh^�r fLj�e(Z�Z]\1^�nde(o]oq^`t�Zm_hZ]r Zh^�jpy Z]\(^�rpe1nAZ]avj�t abt�r
Z]abg:^`}vw�rpt1i|o]^`}�abr f2}v^3yCrp_q\1avj�t cRrp_�Z]\(^dw�� j�e1}�i � avZ]\ Z]\(^ & t(~�}bab_q\ jpo � e1Z]nq\0rpe2nAZ]avj�t|�1o]jpZhj�nAj�}b_d�
! \1ab_ g abt1abg�a�_h^`_�Z]\1^ltJe1g�fL^do jpy g:^`_]_]r ~p^`_ ^���n@\1rpt(~p^`i�i1e(oqabt1~3rpt rpe2nAZ]avj�t �
! \(^HkOa�n5*Eo]^dw�rpe1nAZ]avj�t��2o]jpZhjEnAj�}�ab_{rOj�t(^ _]\(jpZ���r o]^dZhj0%Wjp�1Z]abg�rp}�Zh^`n@\1t1ab�Ee(^HZ]\1r Z ab_�\1av~�\1}bwO^ "�ndav^`t�Z
abt�Zh^doqg _�jpy*g:^`_]_]r ~p^`_�rpt1i rp}b}vj�ndr Z]avj�t � ! \1ab_:_]e(~p~p^`_]Z]_!avZ!ab_�abi(^`rp}�y>jpo�g�rpnq\1a�t(^ Zhj g rpnq\1abt1^
t(^d~pjpZ]abr Z]avj�t rpt1i ab_�Z]\1^�rpe1nAZ]avj�t4�2o]jpZhjEnAj�}R_h^`}v^`nAZh^`i yCjpo e1_]^labt " j�g rpi �
� Z ab_ �Hjpo]Z]\��Lj�abt�Z]a�t(~�j�e(Z�Z]\1r Z ^dup^`t4_qg�rp}b}&g:jEi2a��'ndr Z]avj�t1_ Zhj:Z]\(^O�1o]jpZhj�nAj�} g�r`w�_h^doqavj�e2_]}vw�i1rpg�%
r ~p^lavZ]_ i(j�g�a�t1rpt�Z�_hZhoqr Zh^d~pw�jpy{Zhoqe(Z]\(y�e1}'f2abi1i1a�t(~(� �(jpo ^���rpg:�'}v^pc(abt � ab}�}v^doHrpt2i � o]^��(}v^do �,� �pc %
���
rpt1i����2r�� t � �)( ���Wc Z]\(^�rpi1i2avZ]avj�t jpymZ]\(^�� ��� � � � ��� ��� g:^`n@\1rpt1ab_qg o]^`abtJZho]j�i1e1nA^`_�nAj�e1tJZh^doq_h�L^`nde�%
}br Z]avj�t rpt1i t(j�t�%WZho@e(Z]\(y�e1}Nf2a�i1i1abt(~(� ! \(^�f2rp_]a�_�jpy Z]\(^�^`_]ndrp}br Z]avj�t�g:j�i1a��&ndr Z]avj�t a�_�Zhj|�2o]^dup^`t�Z
_hZ]r o]u r Z]avj�t c¢fEw }�abt(^`r oq}vw a�t1nAo]^`rp_]abt1~!rp}b}{f2abi2_�jXup^dolZ]abg:^pc¢_]j4Z]\1r Zl}br Zh^do*f2abi2_�t(^d^`i Zhj4fL^:\1av~�\1^do
Zhj�nAj�g:�L^dZh^ � abZ]\ ^`r oq}bav^dolf'abi1_

�

Z]\(^do]^dyCjpo]^pc�Z]\(^ }vj�t(~p^do�r�f2abi1i(^do ��rpavZ]_dc�Z]\(^ \1av~�\1^dolavZ]_*�1oqabjpo+%
avZxwp� ��j�e1t�Zh^do@_h�L^`nde1}br Z]avj�t0jEndnde(o@_3rp_�r�f2abi2i(^do�t(j��5t(^d^`i1_3Zhj|nAj�t1nA^doqt avZ]_h^`}vy���\(^`t avZ�rpt1i avZ]_
nAj�g:�L^dZ]avZhjpoq_�f2abi � ! \(^�_hZho@r Zh^d~pw�ab_Ot(jpZ Zhj�f2abi�Z]\(^�Zhoqe1^�u rp}be(^�rp_O^`r oq}bw rp_ �Lj�_]_]abf2}v^pc2rp_�^`r oq}bav^do
}v^`_]_h^do�f2abi1_ ��ab}b} _hZ]ab}�}�� abt � ! \(^lo]^`_qe1}vZ ab_�Z]\1r Z f2a�i1i(^doq_�f2a�i }v^`_]_ Z]\1rpt Z]\(^`abo�Zhoqe(^lu rp}be(^�rpt1i f2a�i
^`r oq}vwpc(avyLZ]\(^dw r oq^Of'abi1i1abt1~m}�r Zh^pcEZ]\1^`t!Z]\1^dw _]\(j�e1}�i�f2abi Z]\(^`avoHZhoqe(^�uSrp}be1^p� ! \(^do]^dyCjpo]^ Z]\1^do]^Oa�_ t(j
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i(j�g abt1rptJZ�_hZhoqr Zh^d~pw�abt Z]\(^�g:j�i1a��'^`i up^doq_]abj�t c&rpt2i avZO_]\(j�e1}�i�t(jpZOfL^�e1_h^`i�abt t(j�t�%xnAjEjp�&^do@r Z]avup^
_hw�_hZh^`g�_`�
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! \1^do]^�r oq^�\(j�� ^dup^do c r�tJe1g�fL^do�jpy�}babg�avZ]r Z]abj�t1_�nAj�t1nA^do@t1abt(~�Z]\(^�r �1�2}babndr f'ab}bavZ w jpy�Z]\1^!kmabn5*Eo]^dw
rpe1nAZ]abj�t��1oqjpZhjEnAj�} � ! \(^`_]^�\1r`up^�r oqab_]^`t�abt�Z]\(^ }babZh^doqr Z]e(o]^ � � '�� � ����� � �)(6'��Wcprpt1i�t(^d^`i�Zhj�fL^�rpi1i(o]^`_q_h^`i
abt�Z]\1^�i(^`_]av~�t�jpy�Z]\(^ "�j�g�rpi�" ^d~pjpZ]abr Z]abj�t � ^`nq\1rpt1a�_]g4c�� \2abnq\4ab_��2o]^`_h^`tJZh^`i�abt4n@\1r �1Zh^do 'J�
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YO}b}Hy>j�e1o�rpe2nAZ]avj�t �1o]jpZhj�nAj�}b_:r o]^4_]e1_qnA^d�1Z]avf2}v^�Zhj|f2abi2i(^do�nAj�}b}�e1_]avj�t cN\1j �H^dup^do�Z]\(^ &�t(~�}�ab_]\ rpt1i
kmabn5*Eo]^dw�rpe1nAZ]avj�t��1oqjpZhjEnAj�}b_ _]^`}vy %W�Lj�}ba�nA^O_]e2nq\��2rpnAZ]_d� ! \(^my>j�}�}vj � a�t(~�^��(rpg:�2}b^OyCo]j�g � � ' �Ri1^`g:j�t�%
_hZho@r Zh^`_�Z]\1ab_`�
YO_]_]e1g�^ f2abi1i(^do �
\1rp_NrmZho@e(^�u rp}be(^�jpy �>(�c � \1a�}v^�f2abi1i(^do@_ � � � � � � �

\1r`up^�Zho@e(^�u rp}be(^`_�jpyL^`av~�\JZh^d^`t
jpo*}v^`_]_`� ��abi1i(^do@_ � � � � � � �

r ~po]^d^�Zhj�f2abi 	Ec�� \2ab}v^ �6f'abi1_ %E� � t�Z]\(^ &�t1~�}bab_]\ rpe1nAZ]avj�t �1o]jpZhj�nAj�} c
i1e1^:Zhj�avZ]_mjp�L^`t|j�e(Z]nAo]w t1r Z]e(oq^pc � ndrpt|jpf2_h^do]up^!avy rptJw jpy�f2a�i1i(^doq_ � � � � � � �

f1o]^`r0*�_*Z]\(^ �2rpnAZdc
rpt1i ndrpt0oq^dZ]rp}babr Zh^ fEwGabt1nAoq^`rp_]abt(~ avZ]_�f2abi¢����abt2nA^ � � �!Zhoqe(^ uSrp}be1^ ^��(nA^d^`i1_�Z]\2r Z�jpy�rptJw|jpy Z]\(^
f2a�i1i(^doq_ � � � � � � �

cErpt1i!Z]\(^do]^dyCjpo]^ � ndrpt�j�e(Zhf2abi Z]\(^`g4cEZ]\(^mi(^dyCrpe2}vZh^do ~�rpa�t1_ t1jpZ]\1abt(~�rpt2i!ab_ fL^`_hZ
Zhj�oq^`g�rpabt abt�Z]\1^*�2rpnAZd�
� t�Z]\(^�kOa�n5*Eo]^dw:rpe1nAZ]avj�t��2o]jpZhjEnAj�}Wc ��f2abi2_NavZ]_NZho@e(^�u rp}be(^�jpy �>(�c � � � � � � �

f2a�i 	EcErpt1i j�t � a�t1t1abt(~
�[�2r wE_ Z]\(^�_h^`nAj�t1i�f2abi��1oqa�nA^*jpy��'up^p����abt2nA^*f2abi1i(^do@_ � � � � � � �

ndrpt ~�rpabt t(jpZ]\1abt(~�yCo]j�g f'abi1i1abt1~
\1ab~�\(^do�Z]\2rpt Z]\(^��'rpnAZOu rp}be(^pcLZ]\(^doq^�a�_�t(j4abt2nA^`t�Z]avup^3Zhj�f1o]^`r0* Z]\(^3r ~poq^d^`g:^`t�Zd� ! \1ab_�jpy�nAj�e(o@_h^
o]^`�Ee1avoq^`_*Z]\1r Z3f2abi1i(^do@_*r o]^!r f2}b^�Zhj abi1^`t�Z]avyCw�j�t(^!rpt(jpZ]\1^do�yCjpo�Z]\(^!�2e(o]�Lj�_h^`_ljpy�r oqoqrpt(~�abt(~�Z]\(^
nAj�}b}�e1_]avj�t �
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! \1^H}vw�abt(~Orpe1nAZ]avj�t(^d^do �2o]jpf2}v^`g[_hZh^`g�_�yCo]j�g[Z]\(^ � abt1t1^do��2r wEa�t(~�Z]\1^H�2oqabnA^Hjpy2Z]\(^�_h^`nAj�t1i:\1ab~�\(^`_hZ
f2a�i � � yEZ]\1^�rpe1nAZ]avj�t(^d^do  _R�1oqj �2ZRab_ f'rp_h^`ilj�t�r��L^doqnA^`tJZ]r ~p^�jpy(Z]\(^�_qrp}v^N�1oqa�nA^pcXZ]\(^`t�avZ¢ab_R�&jpZh^`tJZ]abrp}b}bw
Zhj3avZ]_Nrpi(u rpt�Z]r ~p^�Zhj�}bab^�r fLj�e(Z�Z]\(^�u rp}be(^ jpyLZ]\(^�_h^`nAj�t1i �2}brpnA^`i:f'abi:rpt1i:Z]\(^doq^dy>jpo]^ ~�rpabt rl\2av~�\(^do
nAj�g�g ab_]_]avj�t¢� ! \(^4jpZ]\(^do Z]\1o]^d^�rpe1nAZ]avj�t �1o]jpZhj�nAj�}b_�r o]^�a�g�g�e2t(^�y>o]j�g�Z]\1ab_��1o]jpf'}v^`g4c rp_�Z]\(^
� a�t1t(^do��2r`w�_�Z]\1^�rpg:j�e1tJZ Z]\1r Z avZ f'abi �
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��av~�t1a�t(~�jpyNZ]\(^�f2a�i1_�fEw Z]\(^3f2abi1i1^doq_dc'rp_m_]e1~p~p^`_hZh^`i|abt�� �����Wc ndrpt �2o]^dup^`t�ZmZ]\(^�rpe1nAZ]avj�t1^d^do*y>o]j�g
yCr f2oqabndr Z]abt(~�Z]\(^ _h^`nAj�t1i*�1o@abnA^ f2abi

�

avyEZ]\(^Nrpe1nAZ]abj�t(^d^do�ab_Loq^`�Je1abo]^`imZhj _]e(f'g�avZLZ]\(^N_h^`nAj�t1i��1oqabnA^�f2a�i
Zhj�Z]\(^ � a�t1t(^do�Zhj�rpe(Z]\(^`tJZ]abndr Zh^�Z]\1^lrpe1nAZ]avj�t � (�j �H^dup^do`c&Z]\1ab_ _hj�}be1Z]avj�t�\1rp_ Z,�Hj g�rpa�t��1o]jpf2}v^`g _
rp_ avZ �

� o]^dup^`rp}�_ � \(j�rpt1jpZ]\(^do f2a�i1i(^do �Hrp_`c1�Lj�_]_]avf2}bw:^`t1r f2}babt1~3y�e(Z]e(oq^mnAj�}�}be1_]avj�t¢c�rpt2i

� o]^dup^`rp}�_�Z]\(^�_]^`nAj�t1i4f2abi2i(^do� _ � � � 
0� � � Zho@e(^lu rp}be1r Z]avj�t�Zhj r nAj�g:�L^dZ]avZhjpo`�
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Y�_ � avZ]\GZ]\(^!nAj�t1_]ZhoqrpabtJZ]_�abt0f2av�2r oqZ]avZh^�t(^d~pjpZ]abr Z]avj�t¢c{Zho@e(^ u rp}be(^`_�g�r`w|o]^d�2o]^`_h^`tJZ�_h^`t1_qavZ]avup^ abt'%
y>jpo@g�r Z]avj�t ����abi1i1^doq_ g�r`w4nAj�t1_qabi(^do�avZ abg:�Ljpo]Z]rptJZ Z]\1r Z�Z]\1^`avo Zhoqe(^*u rp}be(^`_ r o]^�t(jpZ o]^`}v^`rp_h^`i�abt�Zhj
Z]\(^O�2e(f2}ba�n i(j�g�rpabt ��Y nAj�g:�2o]j�g�ab_h^`i�rpe1nAZ]avj�t1^d^doHjpoHf2abi Zhoqrpt1_h�Ljpo]ZH_hw�_hZh^`g nAj�e1}bi�oq^`_]e1}vZHabt�Z]\(^
o]^`}v^`rp_h^�jpy�Z]\1a�_�abt(yCjpoqg�r Z]avj�t¢�
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� t3t(j�t�%W�2oqavu r Zh^�u rp}be(^�rpe1nAZ]avj�t1_{Z]\(^HuSrp}�e(^ ab_{i(^d�L^`t1i(^`tJZRj�t3Z]\(^HZ]\(^��1oqa�nA^�Z]\1r Z{Z]\(^HjpZ]\(^do f2abi1i1^doq_
�2}brpnA^�j�t�Z]\(^ avZh^`g4� ! \1a�_�g:^`rpt2_�Z]\1r ZNavy1rmf2abi2i(^do � a�t1_{Z]\(^ rpe1nAZ]avj�t cpZ]\(^`t:abZ{\1rp_��'rpabi�ZhjEjlg3e1nq\ �
! \1ab_ nAj�tJe1t2i(oqe1g a�_ ndrp}b}v^`i�Z]\(^ � ��� � � � � �.��� � � � rpt2i r �1�'}bav^`_ Zhj�rp}b}Rrpe1nAZ]abj�t��1oqjpZhjEnAj�}b_`c'rp_mavZ ab_
rpt ab_]_qe(^*nAj�t1nA^doqt1abt1~:Z]\(^lf2rp_]a�_�jpy{u rp}be1r Z]abj�t�oqr Z]\(^do�Z]\1rpt Z]\(^l�1o]jpZhj�nAj�} �
! \(^�t(^dZ�oq^`_]e1}vZ3\(j �H^dup^do`c�ab_�Zhj|rp}vZh^do3Z]\(^�i1j�g�abt1rptJZ�_hZho@r Zh^d~�av^`_d� � t Z]\(^�ndrp_h^�jpy�Z]\(^�kOa�n5*Eo]^dw
�1o]jpZhj�nAj�} c�Z]\(^*t(^ � i(j�g�a�t1rpt�Z�_hZhoqr Zh^d~pw�fL^`nAj�g:^`_�j�t(^mjpy{f2abi1i1a�t(~l}v^`_]_�Z]\1rpt�Zhoqe1^Ou rp}be(^mabt�jpoqi(^do
Zhj r`upj�a�i�r�}vj�_q_d�
( j�� ^dup^do*Z]\2ab_�_qavZ]e1r Z]avj�t�j�t1}vw4r �1�2}bab^`_ � \(^doq^�Z]\(^3avZh^`g a�_�Zhj�fL^lo]^`_hj�}bi�abtJZhj Z]\(^3_]rpg:^�g�r o5*p^dZd�
Y�t ^���rpg:�'}v^*jpy�Z]\1ab_ �Hj�e1}bi�fL^lr � \(j�}b^`_]rp}v^do�� \(j�ndrpt Z]\(^`t4j�t�%x_h^`}�}¢r Z�o]^dZ]rpab}W�
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Y�_�g:^`t�Z]abj�t(^`i�abt
_h^`nAZ]avj�t 	E�,�(�,� j�t�rpe1nAZ]avj�t�^`�Ee1avu rp}v^`t1nA^pcmabt
nAjpo]o]^`}�r Zh^`i�jpo�nAj�g�g:j�t uSrp}be1^
rpe1nAZ]avj�t1_`c�Z]\(^ jp�L^`t�j�e(Z]nAo]w�t1r Z]e(o]^ jpy&Z]\(^ & t(~�}bab_]\�rpe1nAZ]abj�t��1o]jpZhj�nAj�}1rp}b}vj�� _�f2abi1i1^doq_{Zhjlabt1nAo]^`rp_h^
Z]\(^`avolu rp}be1r Z]abj�t1_�i1e1oqabt(~�Z]\(^ rpe2nAZ]avj�t � � t0_]avZ]e1r Z]avj�t2_ � avZ]\|Z]\1o]^d^ jpo3g:jpo]^ f'abi1i(^doq_mZ]\2ab_l}v^`rpi1_
Zhj�r \1ab~�\(^do!oq^dup^`tJe(^ yCjpo�Z]\(^ jp�L^`t�^��(avZ � up^do@_]avj�t jpylZ]\(^ &�t(~�}�ab_]\
rpe2nAZ]avj�t
rpt1i
Z]\1^do]^dy>jpoq^ r

��� ����� � �.
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nAj�g:�'r oqr Z]avup^`}vw4}vj�� ^do�oq^dup^`tJe(^3abt�Z]\(^*jpZ]\(^do�Z]\(o]^d^lrpe1nAZ]abj�t �1o]jpZhj�nAj�}b_d�
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� y¢rpt�rpe1nAZ]avj�t�abt�upj�}bup^`_H\1^dZh^do]jp~p^`t(^dj�e1_ abtJZh^do]o]^`}�r Zh^`i!}vjpZ]_ %�Z]\(^`t�abt1i(^d�L^`t1i(^`tJZ kmabn5*Eo]^dw rpe1nAZ]abj�t1_
jpy Z]\(^:}vjpZ]_mg�r`w o]^`_]e1}vZmabt ~�}vjpf2rp}b}bw _]e(fLjp�1Z]abg�rp}�rp}b}vj�ndr Z]avj�t1_d� ! \1r ZOa�_dc avZOg r`w�fL^3jp�1Z]abg�rp}{yCjpo
j�t(^�f2abi1i1^do Zhj2� abt�rp}b} Z]\(^3abt�Zh^doqo]^`}br Zh^`i�}bjpZ]_dc2f2e1Z�Z]\1r Z f'abi1i(^do�ab_��1o]^dup^`tJZh^`i�yCo]j�g i1j�abt(~ _hj!fJw
r�_qabt(~�}v^ � abt2t1abt(~�f2abi�fEw�rpt(jpZ]\1^do f2abi2i(^do`�
�Ej�}�e(Z]avj�t1_�Zhj�Z]\1ab_��1o]jpf2}v^`g�ndrpt abtJupj�}vup^:}vjJj * rp\(^`rpi c�� \2abnq\�abt1nd}be2i(^`_ nAj�e1tJZh^doq_h�L^`nde1}�r Z]avj�t cLrpt1i
nAj�t1_]^`�Je(^`tJZ�}vwEa�t(~4Zhj jpf2Z]rpabtGZ]\(^!~�}vjpf2rp}b}bw jp�1Z]a�g�rp}�_hj�}�e(Z]avj�t � ! \1a�_lab_l^`_q_h^`t�Z]a�rp}b}vw|_]e(f2_qabi1ab_]a�t(~
Z]\(^�f2abi�j�t j�t(^l}bjpZ � avZ]\�Z]\(^*^����L^`nAZh^`i ~�rpabt2_ y>oqj�g5Z]\(^*jpZ]\(^doOabt�Zh^doqo]^`}br Zh^`i }vjpZ]_`�
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� y�r�f'abi1i(^do�ndrpt2t(jpZ�nAj�g:�'e(Zh^�abZ]_�Zhoqe1^ u rp}be1r Z]avj�t %Oi1e(^!Zhj�nAj�g��2}v^��(avZxwpc }brpn-*Gjpy nAj�g:�2e1Z]r Z]avj�t
o]^`_]j�e(oqnA^`_dc jpo�Z]abg:^�nAj�t1_hZho@rpabt�Z]_`c Z]\(^`t Z]\(^�i1j�g�abt1rptJZ�_hZho@r Zh^d~pw n@\1rpt(~p^`_:avy Z]\(^�f2abi2i(^do�ab_�oqab_5*
r up^doq_h^p� ! \1r Z3ab_dc�Z]\(^�oqab_5*�r up^doq_h^�f2abi1i(^dola�_lfL^dZhZh^do�Zhj f2abiG}v^`_q_*Z]\1rpt avZ]_*^`_hZ]abg r Zh^ jpy�avZ]_�Zhoqe(^
u rp}be(^*oqr Z]\1^do�Z]\1rpt avZ]_�Zhoqe(^*u rp}be(^p� ! \2ab_�ab_ jpfEuEavj�e2_]}vw!t1j�}vj�t(~p^do r:Zho@e(Z]\(y�e1}&f2abi �
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z
\(^do]^�Z]\1^do]^ ab_*rptGe2t1nA^do]Z]rpabtJZxw jpy�uSrp}�e1r Z]avj�t cRrpt2i|r4f2abi1i1^do�� � ndrpt0�2r`w Zhj jpf1Z]rpa�tGrpt|^��(rpnAZ
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Immature Tribble

Mature Tribble

Grows by consuming n cpu and m memory

Pregnant Tribble

Larval Tribble

Larval Tribble

Breeds by exchanging b bytes in k messages 

Restart
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