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Participating process

: Application communication messages

: Init messages from control process

: Messages from component processes to control
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`<acMXLX^oaH[<J&LXW�`iVB�&�+\cacb2VBLNaHl�n*�4��VB¯�W�aHL `<a��"bpJ<\HL�LXl�`$W2LXW�b�L LN�&W�LXW2^o��acn<VBLNaHl�nilh©8`&acMXLX^�aH[<J&LXW�`�Vhn<`"�+VB^oVh\c\HW�\

b�l����+J&LNVBLNaHl�n<MpF_rtnsMXW	�'J&W�n�LNacVh\��<^Nlhz�^oVh��M��&LXWp^o�³acn<VBLNaHl�ns`&WpLXW�bpLXaHl�n�acMµVhn�J&n<�&W�VB^o`"lh©>�<^Nlh[+\HW�� F_�µ�&W

LXWp^o�³acn<VBLNaHl�ns`&WpLXW�bpLNa l�n��<^Nlh[+\HW2� acM ª W2\c\�¯$n&l�ª¡n�acn LN�&W �+W2\c` lh©8�+VB^oVh\c\HW�\��<^Nlhzh^oVh�³��acn&z�VhMKLN�&W � �!�#�

��$ �#� ) � " � � ���!" $��	�:�&$��!"��<^Nlh[+\HW2�sF

�µ�&WO�<^Nlh[+\HW��«lh©�LtW2^o�³acn<VBLNaHl�n�`&WpLXW�b�LNaHl�n�acMqV³zhl4l4`yaHn'LX^Nl4`<J<bpLNaHl�nsLXliLN�$WOLXl��<acbQlh©�`<acMXLX^oaH[+J&LXW2`sMN�4Mt¦

LXW2�³MpF�r§L acM�MNac���+\HWµVhn<`"ac\c\cJ<MXLX^oVBLXW�M�LN�&W��<^Nlh[+\HW2�³M_lh©1`<acMXLX^oaH[+J&LXW2`�MX�4MNLXW2�³Mm�<^Nlhzh^oVh�³�³acn$z$F �°WP�<V�±hW

ac�;�+\HW��;W�n�LXW�`OLN�&W `<acMXLX^oaH[+J&LtW�`�LXW2^o��acn<VBLNaHl�nQ`&W2LXW2bpLNaHl�n �<^NlhLXl$b�l�\$`&Wp±hW�\Hlh��W�`Q[4�P��a ¬X¯$MXLX^oV/��Vh\Hl�n&zqª¡aHLN�

²&W2a ¬XW�nyVhn<`°��VhMXLXWp^NW�n*��ª¡�<acbo��J<MXW�MqMX�$n<bo�&^Nl�n&l�J<Mq��W2MNMoVBzhWQ�+VhMNMNacn&z � S�� Fµ�q�&W MXl�\cJ&LNaHl�ns�<^Nl�±4ac`&W2`�['�

LN�&W2��acMµMNac�;�+\HW��$W2\HW2z�Vhn'L
�+Vhn<`sW�VhMNac\H� J&n<`&W2^oMXLXl'l$`�F

P4

P3

P2

P1 probe 

message

turns black

P0

Processes in the application connected in a ring

²�aHz�J&^NWPE�.���n����&Vh���<\HWO²&lh^���W2^o�³acn&VhLNaHl�ns��WpLXW�b�LNaHl�n��¡\Hz�lh^oaHLN�&�



ShS

S'F � ��$ ����� ��)��
��$ � �&$��!" � �+�"�%� A ��� � �	�
� � �!"
� �"�%� � " #��!�#$ �!"%� )

²&lh^�LN�$W �<J&^N��l�MXWOlh©�LX^oVhn<MN��aHLXLNacn&z³�;W�MNMNVBzhW�M�VhMNMXl4b2acVBLXW2`�ª¡a LN��LN�&W `&WpLXW�b�LNaHl�nylh©_LXWp^o�³acn<VBLNaHl�n*�<�<^NlB¦
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['�CMXW�n&`<acn&z�Vyªq�<aHLXWi�<^Nlh[�W³V�n&` �³VB¯$acn$z�aHLNMXW2\H©µªq�<aHLXWBF�r§©qVy�<^Nl4bpW2MNM � � LN�<VBL{�&l�\c`<MOLN�&W"LXlh¯hW2n acM

[+\cVhbN¯ � � �_ªqac\c\1MXW2L�LN�&WQ�<^Nlh[�W bpl�\Hlh^�LXl [<\cVhbo¯s[�Wp©�lh^NW MXW�n&`<acn&z³LN�$W{�&^olh[�WQLXl"�<^Nl4bpW2MNM � � � � F¡r§©�� ��acM
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MX�4n<bo�&^Nl�n<aHu�VBLNaHl�n�F - LN�&W2^iWp�$V��;�+\HW2M"VB^oW��³Vhacn�LNVhacn<acn&z ^NWp�+\cacbpVhLXW2`)`&VhLXV����;l�n&aHLXlh^�aHn&zC`<acMXLX^oaH[+J&LXW2`

b�l����+J&LNVBLNaHl�n<M
�+Vhn<`s`&W2LtW�bpLNacn$z³©�VhJ<\HL �"�&^Nl$b�W�MNMXW�MpF

�°W��<V�±hW�ac�;�+\HW��;W�n�LXW�`�LN�&W�MXl�\cJ&LNaHl�n�LXl LN�&W¡~ �'u�Vhn�LNacn&W���W2n&Wp^�Vh\cM��<^Nlh[+\HW2�®�&^Nl���l�MXW2`³[4�
�>Vh�;��l�^NL
�

U$�$l�MXLNVB¯ ��Vhn<`�]8W2VhMXW���bpV�\H\HW�`�LN�&W�� � �!� � ��)?)��	'(� A � '��!��$ ��� � � k � F¡�q�&Wp� �<^Nl�±hW�`yLN�<VBL�VhnyVBzh^oWpW��;W�n�L

bpVhn<n&lhL�[�WO^NW�Vhbo�&W2`�aH©����?Z�����ªq�&Wp^NW��dacMqLN�&WOLXlhLNVh\�n'J<�Q[�W2^¡lh©8zhW�n&Wp^oV�\cM
��Vhn<`	�µacMµLN�&W n4J<�Q[�W2^

lh©�LX^oVhaHLXlh^oMpF
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P1

P2

P3

P0

Commander

lieutenant

8
8

8

faulty process

8

8

8

8
3 no message

²�aHz�J&^NW k .m�¡n����$Vh���+\HWO²$l�^¡~m�4u2V�n�LNacn&W{��W2n&W2^oVh\cMq]_^NlhLXl4bpl�\���\Hzhlh^oaHLN�<�

S'F � �
� � � � ",)#$�� �#� �:�&$�� ",) ���!�+��� � A � '��!�#$6��� �

� `<acMXLX^oaH[+J&LXW2` MX�$MXLXW2� bpl�n<MNacMXLNacn&zylh©��6�<^Nl4bpW�MNMXW2M³b�l�n&n&W�b�LXW�` [4� bo�<Vhn<n$W�\cM;acM�b�l�n&MNac`&W2^NW2`�F �µ�&W

©�l�\c\Hl�ªqacn&z;V�MNMNJ<�;�<LNaHl�n<MKVB^NW ��Vh`&WhF

G	�>xyW2MNMNVhzhW `&W2\caH±hW2^N� acM ^NW�\cacVB[+\HWBF

S � ���&W2n�V³��W2MNMNVhzhW acM ^NW�b�W�aH±hW�` ��aHLNMµMXW�n<`$W2^µb2Vhn�[�WP`&W2LXWp^o�³acn&W2`s^NW2\cacVB[+\H�BF

Z ��r§©�V���W2MoMNVBzhWQacMµn&lhLq`&W2\caH±hW2^NW2`*�<aHLNMqVB[+MXW2n<bpWObpVhn�[�WO`&WpLXW�b�LXW�`�F

E��>�q�&WO`$W2©�VhJ<\HLK±BVh\cJ&WOacM u2W2^Nl$F

k �>�q�&Wp^NWOVB^NWQn&l³MX�+J&^oaHl�J&MK�;W�MNMNVBzhW�MpF

�°W�`&W2n&lhLXW�LN�&W�lh^�Vh\q��W�MNMNVBzhWyMXl�\cJ&LNaHl�n ['� ~µ� ��¯ ��� ­�� F ²8aHz�J&^NWyR°l�J&LN\cacn&W2M�LN�&W�Vh\Hzhlh^oaHLN�<� J<MXW�`

©�lh^�^NW�Vhbo�<acn&z LN�&WCVBzh^NW2W2��W2n'LpF �¡W2^NW �O~µ� U4W2n<` ��� ������� �s`$W�n&lhLXW2M�[&^Nl�Vh`<bpVhMXL�[4��V �<^Nl4bpW2MNM
�OVhn<`

~µ� �qW2bpW2aH±hW(��� �{`&W�n$lhLXW�M;^NW2bpW2aH�<L{l�©qLN�&Ws±BVh\cJ&W"['� V��&^ol4bpW2MNM
��ªq�&W2^NW�� acM LN�&Wsn'J<� [�Wp^;lh©q© VhJ&\HL �

�<^Nl4bpW2MNMXW�MOLN�<VBL b2Vhn [�W³LXl�\HWp^oVBLXW�`*���°acMOLX�&W³�<^oaH±BVBLXW;±BVh\cJ&W³LXl�[�W�[&^ol�Vh`<bpVhMXL lh^Q^NW2[&^Nl�Vh`&b2VhMXLQ[4�°V

�<^Nl4bpW2MNM
�+Vhn<`���acMµ\cacMXL lh©8�<^Nl4bpW2MoMXW2Mqªq�&l³�&V�±hWQn&W2±hWp^¡[<^Nl�Vh`<b2VhMXLµLN�&WP±BVh\cJ&W��<F
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    BG_Send(0,v,l)   

    BG_Receive(0)

BG_Send(k,v,l)

BG_Receive(k)

       Use the value sent by the commander, or zero if no message is received.

       The commander broadcasts "v" to every lieutenant in "l"

         Send the value "v" to every process in the list "l".

      1] Use the value "v" sent by the commander, or zero if no value is received.   
      2] BG_Send(k−1,v,l−P ), where  P    denotes the process invoking BG_Send.
                   3] Use BG_Receive(k−1) to receive v(i) for every process in l−P     
      4] Return majority  (v, v(1), ..., v(l−1)).

     among  v1,v2,...,vn, or 0 if no majority exists.
  majority (v1, v2, ...,vn)  demotes the method that returns the majority  value "v"

i i

BASE CASE:

²�aHz�J&^NWQR(.���\Hzhlh^oaHLN�<�«²&lh^�~m�'u�Vhn�LNacn&W{��W�n&Wp^oVh\cMq�¡zh^NWpW���W2n'L¡]_^NlhLXl$b�l�\

�µ�&WP~µ� ��� �m�<^Nl�Ltl$b�l�\�acM Wp�4W�bpJ&LXW�`s['�iW�Vhbo��\caHW�J&LXW2n<Vhn�LK�<^Nl4bpW2MNM � �8^NW2b2J&^oMNaH±hW�\H� � k � Fm�µ�&W�^NW2�³Vhacn<acn&z

�<^Nl4bpW2MNMXW�M � � ��� ��� � ��� ��©�lh^o� V"\cacMXLqlh©�±�V�\cJ$W�M¡LN�$W2�s^NW�b�W�aH±hW2`�©�^Nl�� Wp±hW2^N��lhLN�&W2^ � � ^NW2z�VB^o`<acn$ziLN�&W

±BVh\cJ&W � � ^NW�bpW2aH±hW�` ©�^ol�� LN�&W�zhW�n&Wp^oVh\ F�� �³V�¬Nlh^oaHLA� ^NWpz�VB^�`&acn&z LN�&W�±BVh\cJ&W � � ^NW2bpW2aH±hW�` ©�^Nl�� LN�&W

b�l��³�³Vhn<`$W2^iacM{©�l�J<n<` Vhn<` MNLXlh^NW2` acn V \cacMXL lh©PMNJ<bo� �³V�¬Xlh^oaHL � ±�V�\cJ$W�MpF � �&W�n LN�&Ws±BVh\cJ&W2M�lh©�Vh\c\

\caHW2J&LXW�n&V�n�L �<^Nl$b�W�MNMXW2MµVB^NWPlh[<LNVhacn&W2`*�&V���n&V�\���V�¬Xlh^oaHL �i±BVh\cJ&W�acM ©�l�J<n&`�F � �&W2n&W2±hW2^qV���V�¬Xlh^oaHL �"`$l4W2M

n&lhLµWp�$acMXL
�+V�`&W2©�VhJ<\HLK±BVh\cJ&WPacMµJ<MXW2`�F

Z'F���� � ����� �#"%� �>��$��!"

�µ�&W�\cV��hWp^oW2` Vh^obo�<aHLXW2bpLNJ$^oW�ªmWm�<V2±hWKac�;�+\HW��;W�n�LXW�`OVh\c\Hl�ªqM�LN�$W�bpl�n<bpJ&^N^NW�n�L>W��$W2b2J&LNaHl�nOlh©&LN�&W��&^Nl�LXl4bpl�\ F

��a � .1!'� �s!4����0�����
>�2
>�8����%&���+�!� �&%<# ��!� acM�bpVh\c\HW�`�[4�sWp±�Wp^N�y�&^Nl$b�W�MNM¡W��$W2b2J&LNacn$z"LN�&W{J<MXW2^�VB�<�<\cacb2VBLNaHl�n

[�W2©�lh^NW acn'±hlh¯4acn&z 3y/>��
>��� �  �+aH©�LN�&WQ�<^NlhLXl4bpl�\>acMqLXli[�WQWp�4W�bpJ&LXW2`�F �_Vh\cJ&W acM¡V³��l�acn�LXW2^qLXl Vhn�acn�LXW2zhWp^

±BVB^oacVB[+\HWOªq�<acbo��LX�&W Vh�&�+\cacb2VBLNaHl�n�J<MXW2MqLXlilh[<LNVhacn�LN�&W VBzh^NW2W�`yJ&��l�ns±BVh\cJ&WhFK�q�<acMK^Nl�J&LNacn&WQacn<aHLNacVh\caHupW�M

LN�&WQn$W�bpW2MNMNVB^o� acn'LXWp^o©�Vhb�WQV�n&` ±BVB^�acVB[<\HW�MKn&W2W2`&W�`s©�lh^¡LN�&W��<^NlhLXl$b�l�\�Wp�4W�bpJ&LNaHl�n�F

��aca �{�q�&W : � .�!$
�� � �$%+#��>!" ^Nl�J&LNacn$W�LN�&VhL³ªmW��<V2±hW��<^Nl�±4ac`&W2` LN�$W�J<MXWp^"b2Vhn [�Wyacn�±hlh¯hW�` l�n LN�&W

�<^Nl4bpW2MNM�©�^Nl�� ª¡�&acbo�yLN�&W;J<MXW2^¡ª V�n�LNM�LXl [�W2z�acn�LN�&W;VBz�^NWpW��;W�n�LP�<^NlhLXl$b�l�\ FQ�µ�&WQ^ol�J$LNacn&W{ªqac\c\1b2VhJ<MXW
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LN�&Wq[<^Nl�Vh`<b2VhMXLmlh©�LN�&W¡±BVh\cJ&Wqlh©1LN�$W¡�<^oaH±BVBLXWq±BVB^�acVB[<\HWqlh[<LNVhacn&W2`iVhMmV �<VB^�Vh�;W2LXWp^ LXl{Vh\c\<LN�&Wq�<^Nl$b�W�MNMXW2M

acn�±hl�\H±�W2`�acn LN�&WQbpl����<J&LNVBLNaHl�n�FKI J&^N^NW�n�LN\H�³l�n<\H�"acn'LXWpzhW2^¡±BVh\cJ$W�MKVB^oWO[�W2acn&z;�<Vhn<`<\HW�`�F

��acaca �µ�q�&W;VB�<�+\cacbpVBLNaHl�n°acMPMNaHz�n<Vh\c\HW2`�VhMX�$n&b��$^ol�n$l�J&MN\H��^NWpz�VB^�`&acn&z LN�&W�bpl����+\ W2LNaHl�n°lh©�LN�&W�VBzh^oWpW��;W�n�L

�<^Nl4bpW2MNM
��Vhn<` LN�&Wi±BVh\cJ&W³VBz�^NWpW�` J&��l�n acMOVh\cMXlyMXW�n�LQLXl�aHLpF �q�$Wi`&Wp© VhJ<\ LQ±�V�\cJ$W³ªq�&W�n n$l���V�¬Xlh^oaHL �

W��&acMXLNMµacMµupW2^Nl$F

��aH±%�µ�µ�&W \cacMXLqlh©_��V�¬Xlh^�a L �s±BVh\cJ&W�M
��LN�&W���n<Vh\��³V�¬Xlh^oaHL ��`&W2b2acMNaHl�n*�+Vhn<`�LN�&W ac`&W�n�LNa��+Wp^¡lh©�LN�&WQ�<^Nl4bpW2MNM

��Vh¯4acn&z�LN�<VBL `&W2b2acMNaHl�n VB^NW³�<^oacn�LXW�`°LXl�V+��\HWBF �µ�&W �+\HW³LN�'J<MO`&W�MNb�^oaH[�W�MPª¡�&VhLO±�V�\cJ$W³W�Vhbo�C�<^Nl4bpW2MNM

^NW2bpW�aH±hW2`*�>Vhn<`��&l�ª®aHLPVB^N^oaH±�W2`°VBLPLN�$W�`&W2b2acMNaHl�n�FQ�q�&W ��\HW ª¡aH\c\8�&W2\H��LN�&W�MXLNJ<`&W2n'LNMPJ<n&`&W2^oMXLNVhn<`�LN�&W

W��$W2b2J&LNaHl�n�lh©8LN�&WQVBzh^NW2W2��W2n'Lq�<^NlhLXl$b�l�\ F

E$F���"%� �#� �
���&$��!"�� $6�"� � 
 �#� � �(���

�µ�&WqJ&MXW2^�acn�±hl�¯hW2M_LN�&W¡VBzh^NWpW���W2n'L��&^olhLXl4bpl�\<©�lh^�VP�<^oaH±BVBLXWK±BVh\cJ&W lh©1VP�&^ol4bpW2MNM�[4�{bpV�\H\cacn&z�LN�&Wµ^Nl�J$LNacn&W

: � .�!$
�� � �&%+#��>!" F��q�&acM;^Nl�J&LNacn&Wsb�l��³��V�n&`<M³LN�&W�MNJ&[+\cV2�hW2^³LXlC[&^Nl�Vh`&b2VhMXL³LN�&W�±BVh\cJ&WsLXl Vh\c\KLN�&W

�+VB^NLNacbpaH�+VBLNacn&zs�<^Nl4bpW2MoMXW2MpF - n ^NW2bpW�aH±4acn&z�Vhn VBzh^NW2W2��W�n�L �<^NlhLXl$b�l�\m�;W�MNMNVBzhW���LN�&W"MNJ&[<\cV��hW2^ acn�±�lh¯hW2M

: � �i!4��!$� ��! �N
>!��"57!'0�0�%&=+!� Fm�µ�&W�^NW�b�W�aH±hW��&^ol4bpW2`<J&^NW�bo�&W2bN¯$M ª¡�$W2LN�&Wp^KLN�$WP��W2MoMNVBzhWPacMm©�^Nl�� LN�&W

acn�LNacVBLNacn&z"�<^Nl4bpW2MNM�lh^P©�^Nl�� Vhn'��lhLN�&W2^��<^Nl$b�W�MNM
�1Vhn<`yLNVB¯hW�MPLN�&W;VhbpLNaHl�n Vhbpbplh^o`<acn&z�\H�BFQ��Vhbo�°�<^Nl4bpW2MNM

[<^Nl�Vh`<bpVhMNLXM;aHLNMO±hW2^oMNaHl�nClh©KLN�&W"acn�LNacVBLXl�^ �TMQ±BVh\cJ&WBF - n<b�W"Vh\c\�MNJ<bo�C±BVh\cJ&W�M VB^NWi^NW2bpW�a ±�W2`*��`&W2��W2n<`<acn&z

l�n LN�&Wsn4J&� [�Wp^;lh©��&^Nl$b�W�MNMXW�M
��W�aHLN�&Wp^�LN�&W �+n<Vh\K`$W�bpacMoa l�n acM{LNVB¯hW�n*� lh^;LN�&Ws±BVh\cJ&W2M;^NW�b�W�aH±hW2` ©�^Nl��

lhLN�&Wp^y�&^Nl$b�W�MNMXW�M�VB^NW [<^Nl�Vh`<bpV�MXL�l�n V ^Nl�J<n<`�[+VhMNacM
��ª¡�&Wp^NW LN�&W°^Nl�J&n<`?n'J<�Q[�Wp^�acMsLN�&W �<^Nl4bpW2MNM

ac`&W2n'LNa��<W2^Pn'J<�Q[�W2^�[�W2acn&z b2J$^o^NW2n'LN\H���<Vhn<`&\HW�`�FQ�q�&W2MXW;[&^ol�Vh`<bpVhMXLNMOVh^NW��³Vh`&W�J<MNacn&ziLN�$W��<^Nl4bpW2`<J&^NW

: � .�!$
�� � �8������!40�0���� � %+
���#�!4� � �$%+#��>!" F��q�&WP±BVh\cJ$W�Mµ^NW2bpW2aH±hW�`�VB^NWQbpl�\c\HW�b�LXW�` ��Vhn<`sLN�&WQ��V�¬Xlh^oaHL �

©�lh^�W2Vhb��{�<^Nl$b�W�MNM>acM>©�l�J<n<`QJ<MNacn&zµLN�&Wm�<^Nl4bpW�`&J&^NW �¡��
>�857%4g��<�B����/��  F��q©�LXWp^�Vh\c\�MNJ<bo�;��V�¬Xlh^�aHLA�O±BVh\cJ&W�M

VB^NWKl�[&LNVhacn&W�`*��V ��n<Vh\4�³V�¬Xlh^oaHL �{acM�bpVh\cb2J<\cVBLXW2`�F��q�&WKMNJ&[+\cV2��Wp^�LN�&W2n�MNaHz�n<Vh\cM8LN�$WqVB�<�<\cacb2VBLNaHl�n LN�<VBL�LN�&W

VBzh^NW2W2��W2n'L��&V�Mµ[�W2W2n�^NW2Vhb��$W�`*��Vhn<`s�<^Nl�±4ac`&W�MKLN�&WQVB�<�+\cacbpVBLNaHl�n�\cV2�hW2^�LN�$WQ±�V�\cJ$WPª¡�<acbo��acMµMNLXlh^NW2`�['�
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LN�&W³MNaHz�n<Vh\��<Vhn<`<\HWp^�^Nl�J&LNacn&W�acn°LN�&W;��l�acn'LXWp^P�<^NW2±4aHl�J<MN\H���<^Nl�±$ac`$W�`°['� .1!�� �s!4����0�����
>�2
>�8����%&���+�!�  F

�µ�&W acn�LXW2^N^oJ&�<L .1� ��� .1�s� V�n&` V°`&W2`<acb2VBLXW2` �+aH��W"acn�LXW2^N©�VhbpWs�<V2±�Ws[�WpW�n J<MXW2` ©�lh^{LN�<acMQ�+J&^N��l�MXWhF

~mW2©�lh^NW�MNW2n<`<acn$z LN�&WyMNaHz�n&Vh\��KLN�&W
��n<Vh\¡��V�¬Xlh^oaHL � ±BVh\cJ&WyVhMiªmW�\c\¡VhMiLN�$W°VB^N^oV�� lh©O±BVh\cJ&W�M³J<MXW�` LXl

bpVh\cb2J<\cVBLXWOLN�<acMK�³V�¬Nlh^oaHLA�sVh\Hl�n$z�ªqaHLN� LN�&WO�<^Nl$b�W�MNMµac`&W�n�LNa��+Wp^µVB^NWO�<^oacn�LXW�` LXl³V ��\HWBF

� ¢ ¤ � ¤{¥ � � � ¥��

� W{�<V�±hW LX^oaHW�`sLXl ac�;�+\HW��;W�n�LqV³bpl����&^oW2�&W2n<MNaH±hWQMN�4MXLXW���LN�<VBL¡b2Vhny[�WQJ<MXW2`�©�lh^�b�l�J&^oMXWQMXLNJ<`&�hF �¡l�ªmW2±hWp^��

`<J&W�LXl�LNac�;W"bpl�n&MNLX^oVhacn�LNMQª W"bpl�J<\c`Cn&lhL{ac���<\HW���W2n'LOb�W2^NLNVhacnC©�W�VBLNJ$^oW2M LN�<VBL ªqac\c\_acn<b�^NW�VhMXWiLN�&WiJ&LNac\caHL ��lh©

LN�<acM LXl4l�\ F��q�$WP±BVB^�a l�J&MKW2n<�<Vhn<b�W���W2n'LNMµLN�<VBL¡bpVhn�[�WPac�;�+\HW2��W�n�LXW�`sVB^NWQ`&W2MNbp^oaH[�W�`"[�W2\Hl�ªOF

� ��`&`�lhLN�$W2^q�&^Nl�LXl4bpl�\cMµLXli��Vh¯hWQV;© J&\c\ �<W�`&zhW2`�`&acMXLX^oaH[+J&LXW�`iMN�4MXLXW���Mq��W�`&VBz�lhz�acbpVh\1LXl'l�\>MXlh©�L ª VB^NWhF

� �µ�&WQac���+\HW2��W2n'LNVBLNaHl�nslh©mIK�&Vhn<`&��� ��V��;��lh^oL�� M¡MNn<VB�+MN�&lhLK�<^NlhLXl$b�l�\8b2Vhn�[�WOWp�4LXW�n<`$W�`�LXl"�³VB¯hWQ�<^NlB¦

±4acMNaHl�n ©�lh^q�{J&\HLNaH�+\HW�MNn<VB�+MN�$l�LNMpF

� �µ�&WQac���+\HW2��W2n'LNVBLNaHl�n ©�lh^�~m�4u2Vhn'LNacn&W;��W2n&W2^oVh\cMqVhzh^NWpW���W2n'Lq�<^NlhLXl$b�l�\>bpJ&^N^NW�n�LN\H� `&W2V�\cMµª¡aHLN��acn�LXW2zhWp^

±BVh\cJ&W2MqVhn<`�bpVhn�[�WPW��$LXW2n<`&W2`�ªqaHLN�sMXl��;WO��l4`<a���bpVBLNaHl�n<MKLXl³�<Vhn<`<\HW�lhLN�&Wp^�`&VhLNV;L �'��W�MqVh\cMXl$F

� �°W �<V�±hW°b2J&^N^NW2n'LN\H� ac���<\HW���W2n'LXW2`)LN�$W°~m�4u2Vhn'LNacn$W ��W�n$W2^oVh\cM Vh\Hzhlh^oaHLN�<� ªqaHLN�)LN�$W°bpV�MXW2M lh©O©�l�J&^
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