
���������	�
����
�������������������� ��� �!����" ��#%$&�!�'���)(*������$ +

,.-0/2143�/65�5�/65�7

8:9<;�=?>A@?>CBED09GFH=I9�>J@IKMLJ9'>A@N8N>'OPD

Q*R6S�TVUXWZY�R6[�W�\H]I^%\_Y�S'`aWZR6U!b<c6deR6['c6R

fgdecZh'dji_TV[.klR6c�h'['\_me\Vi_decnTVm�o!['dqp_RrUtsudqWwv

xny�zVz

kl\|{�['suR6['}EQ
UudepVR

~�\_`'iVh�WZ\V[J•Af•€

y�‚V‚_ƒ<x

„†…G‡Zˆ ‰�Š_‹wŒe•0‰jŽt•t•2‹wŒq•e‘“’”ˆ •–•Z—˜Œq•<™›š0•e‡Z‘•œa—†•eˆ ‹w•�—˜ž ŸX¡“ˆ ‘¢•Z¡¢‘�£Z‹wŽZ•t’Z—†•jˆ ‹w•IŽZ•t’t‘“Œ'¤_¥'¦G§H§_¦
—“Š�—˜Œj’I¤G¤_¦�¨ª©w©w«˜¬›­w«w®u¯



���������
	��
�

�����������������������! #"$��%�&� $���'�#(��) $��*+�-,��
�$�.%/���-0�*1���2�3���54��-&�,5 . ����!6879�����: $�����! $&;�����< =�-0�*1*>&��;�? !(

���>@A"$0�*B�DCE�E"$�����'%;����6F��"$0
&;�;�HGD�I�����#�J�#(��! #��*K�=�
"$�L�-0�*1M�,��-NHOP���> $����(Q�
"$�L�����! $"$�5%�&� #�R�S���-"#0<�$�. #���

���- !7T0�"$680E@U�-0�*1M/0������< 2M�"$0��-���$�#����G3VW*1�EX!0
"$�5 )(D0
@Y $���J�! $&;�����< ��>�;�RC��K�D�!�RZ<&����< $���
,[M�"$0
��"��
*\*1�����

%;����6F��"#0�&��/�HGK]U���/�-�
O������! $"$�5%�&� #�R�'�!(��! $��*K�2�-0��;����M� ��^M_0��#�K�3���/�E,�,��������\0E@I"$�-`a,����
"$���5�;��Ob*1�
6F������ #���

 #�R�
���;��"��TX!0�%S�E,�,P $���K*10�"$�����?4���&�,? �G�c�&�"# $����"$*10�"#��Od�����! #"$��%�&� $���Q�#(��! #��*K�."#��,5(80��'*1���$�#�
���1M;���#�#�����

@A0
"I�-0�*1*>&;�������E #��0���%/�- !7T�����J�-0�*1M/0������< YM�"$0��-���$�#����G��I���^,��
"$���U�
*10�&��< Y0E@d�#(��! #��*e�#M/�R�-�?f_�g���- !7T0�"$6

�5�< $��"#@h���-�i���- ��
�5,_0�%;�$�-&�"$���� $���^���j $&;�
,/��0
�/�-��M� ���GP��0F0�,��P $�;�E I�E # $��*1M� [ $0=��,5��*1�5�/�
 $�g $�����[0�%;�$�-&;"#�5 )(1�
"$�

�����������HGk�I���g�! #&;�����< ��[�
"$�Y���< $"#0���&;�-���\ $0.�F&�*1��"$0�&;�kM�"$0E $0��-0�,��-O�7I�;�����1@A0�"$*l $���U%;���#���Y@A0�&��;���E $�50��K0
@

�����) $"$�5%;&� $���L�#(��) $��*K�[M�"$0
��"��
*1*\�����;G�m���0�"! ��
���U0E@n $�5*1�iM;"#��C
���F $�T�) $&;�����< $�[@A"$0
*e��*\M;,5��*\���< #�����> #�;��*

�
,5,oGkVp�#��*>&;,��E $�50��10
@/ $���UM�"$0
 #0��-0�,��P79�������K���
�K%/�U&;�#���\%F(= #�;�g�) $&;�����< $�k@A0
"[&��;����"$�! ��
�;�������.���k�2�������

0
@d #��*1�
G

qp�? $�' $�����2*10
 #��C
�E $�50��bOd7Y���;�
C
�1��*1M�,5��*1���< #�R�Q�J $0F0�,[79�������'M�"$0
CF�������>�-��"# ��E���Q�-0�*1*>&;�������E #��0��

M�"$�5*1�5 $�5C����1�
�;�r�#0�*1�J��*\M_0�"! ��
�< K�����! $"$�5%�&� #���s�#(��) $��*tM�"$0
 $0��-0�,���Gr�Y�;���-0�*1*>&;�������
 $��0
�rM�"$�5*1�5 #��C����

79�5,�,dM�"$0
CF�����=�
�������#(J���< $��"!@h���-�2 #�/�
 ^���E��%/�\&;�#���3%F(J $���\�! #&;�����< ��g�5�� $������"^���#�#���
�;*1���< $��Giuk"$0
 #0���0
,

�-N����-&� #��0��3��&;*\M/�97I��,�,H���;�
%�,5�. #�;�2�! #&/�����< ��Y #0��-0�"$"$��,��E $�g $0\ #���. #0�M������Y ��
&����< 9�����-,����$�-G



��������������	


���
�������������������
 


� �"!$#�%&��!'�)(*�+��, �

- .�/102��!43657���8!$# 9

9 :;%<��,�=+�����>
>�?�2
>@A�+�B3C%&������
 D

E&FHG IKJ&LNM�FOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF R

E&FTS U4LNVBLXW�MYFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF R

E&FTZ U4LNVB[+\HWO]_^NW�`&acb2VBLXWdFOFOFPFOFOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF e

D fQ���$g�!'�h�i(*�+��, j

k FHG Iml�n'LX^Nl�\1]_^ol4bpW2MNMqVhn<`srtn&aHLNacVh\caHu�VBLNaHl�nvFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF w

k FTS xyW2MNMNVhzhW{]�VhMNMNacn&z�FOFOFPFOFOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF|G2}

k
FTZ ~KVhMNacbO]_^NlhLXl4bpl�\cM)FPFOFOFPFOFOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF|GpE

k
F•Z'FcG €•\Hlh[+Vh\8U$n&VB‚+MNƒ&lhL|FOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF|GpE

k
F•Z'F•S x„J&LNJ&Vh\�…‡†$b2\cJ<MNaHl�n"FOFOFPFQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF|G�e

k
F•Z'F•Z ˆ>Wp^Š‰‹acn<VBLNaHl�nsŒ�W2LXW2bpLNaHl�n•FQFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPFŽSB}

k
F•Z'F E ˆqƒ&WO~m•'u�Vhn•LNacn&W{€�W�n&Wp^oVh\cMq]_^Nlh[+\HW2‰ŽVhn&`’‘qzh^NW2W�‰;W�n•L�]_^NlhLXl$b“l�\�FOFOFOFPFQFOFPFOFOFPFŽS�E

”–•8�����>��!—(*�+��, �<˜

™ š

��
>�•#›�>0��›��
�0 -+œ

•—ž

	<�Ÿ�¡ C¢

žN£¡¤;¥

�_	

G ˆqac‰;Wp¦§U4‚+VhbpWOŒ�acVBz�^oVh‰¨lh©‡V;Œ•acMXLX^oaH[+J&LXW2`—U4•$MXLXW2‰«ª¡aHLNƒ’Z;‚&^Nl$b“W�MNMXW�M6FPFOFOFOFPFQFOFPFOFOFPF
k

S ]_^Nlh‚�l�MXW2`—x—l$`$W�\�©�l�^q]_^Nl�¬XW�b“Lqr§‰‹‚+\HW2‰‹W�n•LNVBLNaHl�n FPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF ­

Z ‘®U$acn&z�\HWPˆ>lh¯hW2n°Iml�n<MXW2^N±BVBLNaHl�nyU4•4MXLXW�‰ FPFOFOFOFPFOFOFPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPF|G
k

E ‘�n’…‡†&Vh‰;‚+\HWO²&lh^�ˆ�W2^o‰³acn&VBLNaHl•nsŒ¡W2LXW�b“LNaHl�n„‘¡\Hzhl�^oaHLNƒ&‰´FPFOFOFOFPFOFOFPFOFOFOFPFQFOFPFOFOFPFŽS4G

k
‘�n’…‡†&Vh‰;‚+\HWO²&lh^�~m•'u�Vhn'LNacn$W{€�W�n&Wp^oV�\cMµ]_^NlhLXl$b“l�\>‘�\Hzhlh^oaHLNƒ<‰ FPFOFOFPFOFOFOFPFQFOFPFOFOFPFŽShR

R ‘�\Hlhzh^oaHLNƒ<‰¨²&lh^�~m•'u�Vhn•LNacn&W{€�W�n&Wp^oVh\cMq‘¡zh^NWpW�‰‹W2n'L¡]_^NlhLXl$b“l•\6FOFPFOFOFPFOFOFOFPFQFOFPFOFOFPFŽS�e



G

� �

���

¥

���

¤��

�

ž

���

‘ `<acMXLX^oaH[+J$LXW�`³MX•4MXLXW�‰ acMmV{MXW2Lmlh©1‚<^Nl$b“W�MNMXW�Mmªqƒ<acboƒ"`&l{n&lhL MNƒ<VB^NW•V{b“l�‰³‰;l•nsbp\Hl$bN¯³lh^Kb“l•‰‹‰‹l�n ‰‹W2‰‹lh^N•��

Vhn<`°ªqƒ<acboƒybpl�‰³‰ J<n<acbpVBLXW‹±4acV ‰‹W2MoMNVBzhW;‚+VhMNMNacn&z$F ˆqƒ$W‹Vhb“LNaH±$aHLA•ylh©mW�Vhboƒ ‚&^ol4bpW2MNMPacnyLNƒ$W³b“l•‰;‚+J&LNVBLNaHl�n acM

boƒ<VB^oVhbpLXWp^Ša u2W�` VhMmLNƒ&WqWp†4W�bpJ&LNaHl�n"lh©�V MXW	�'J&W2n<bpWqlh©�Wp±�W2n'LNMpF�ˆqƒ$WqWp±�W2n'LNMKVB^NW•b“l•‰;‚<^oacMXW�`;lh©>MXW2n<`<M
�'^NW�b“W�aH±hW2M��

Vhn<`Cacn•LXW2^on<Vh\_Wp±hW�n•LNM
��Wp±�W2n'LNM LNƒ<VBL VB^NW"\Hl4b2Vh\_LXl°V’‚<^Nl4bpW2MNM Vhn<` bŠƒ&V�n$zhW"LNƒ&W"MXLNVBLXW"lh©KLNƒ<VBLQ‚<^Nl$b“W�MNM��oF—‘

MX•$MXLXW2‰ acMqMNVhac`’LXli[�WQ`<acMXLX^oaH[+J&LXW2` aH©�LNƒ&W ‰‹W2MNMNVBz�WQLX^oVhn<MN‰³aHMoMNaHl�ns`&W2\cV�•4M�VB^NW{n$lhL¡n&Wpz�\caHz�aH[+\HWObpl�‰;‚+VB^NW�`’LXl

LNƒ&W;LNac‰‹W‹acn'LXWp^N±BVh\�[�W2L ªmWpW�n Wp±hW�n•LNM aHn VsMNacn&z�\HW;‚&^Nl$b“W�MNMpF‹ˆqƒ$W‹VB[+ac\caHLA•—LXl—Vhn<Vh\H•'u2W;LNƒ&W‹[�W2ƒ<V�±4aHlh^Plh©KMNJ<boƒ

V’MX•$MXLXW2‰YacM•W2MoMXW2n'LNacVh\‡©�lh^O±BVB^oaHl�J<MOMXLNVBzhW�MOlh©µa LNMP`&W2±hW2\Hl�‚<‰‹W�n•LQ\caH¯hW;`&W�MNaHz�n<acn&z��1LtW�MXLNacn&z��8Vhn<` `&Wp[+J&zhz�acn&z$F

ˆqƒ$WOacn<ƒ&Wp^NW�n•Lµb“l�‰‹‚+\HW“†&aHLA•"lh©‡`<acMXLX^oaH[+J&LXW2`"MX•$MXLXW2‰³Mq‰³VB¯hW�MµLNƒ&WOVB[�l�±hW{‰;W�n•LNaHl�n&W�`sLNVhMX¯4M¡`<a��ib2J<\HLpF

rtn’zhW�n&Wp^oVh\���LNƒ&W MXLNJ<`&W2n'LNMqLNVB¯$acn&z‹LNƒ&W b2\cVhMNMXW�M¡acny`&acMXLX^oaH[+J&LXW�`sMX•4MXLXW�‰‹M�VB^NW ©�^Nl�‰¨±BVB^oaHW�`’[+VhbN¯4zh^Nl�J<n<`&M

Vhn<`���n&`CaHLQ`<a��"bpJ<\HLPLXl—zh^ŠVhMX‚ LNƒ&Wibpl�n<b“W2‚<LNM lh©q`&acMXLX^oaH[+J&LXW�`°MX•$MXLXW2‰³MpF—]_^Nlhzh^oVh‰³‰³acn$zyVhMNMNaHz�n<‰;W�n•LNM{VB^NW

LNƒ&WP[�W2MNLµ‰‹W2Vhn<Mµlh©8‰³VB¯4acn&z;LNƒ$WOMXLNJ<`&W�n•LNMqJ&n<`&Wp^ŠMXLNVhn<`"LNƒ$WOac‰‹‚�lh^NLNVhn'Lµbpl�n<b“W2‚<LNMKlh©‡`<acMXLX^oaH[+J$LXW�`"MX•4MXLXW�‰³MpF

�¡l�ªmWp±hW2^��+LNƒ&WO\cVB^NzhWOV�‰;l�J<n'LKlh©�`$W2LNVhac\�n&W2W2`&W�`s©�lh^µLXƒ&WOJ<n<`&Wp^o\H•$acn$z{n$W2L ªmlh^N¯ acn•LXW2^N©›VhbpWO^Nl�J&LNacn&W2Mml�[<MNb2J&^NW2M

LNƒ&WPb“l�n<bpWp‚<LNJ<Vh\1J<n<`&Wp^oMXLNVhn<`<acn&zOªqaHLNƒ<acniLNƒ&W•‚&^olhzh^oVh‰³‰‹acn&z Wp†4W2^ob2aHMNW2MpF�‘7MXWpLKlh©>bpl�‰³‰ J<n&acb2VBLNaHl�n ^Nl�J&LNacn&W�M

LNƒ<VBLµª¡ac\c\�W�VhMXWOLNƒ<acM [+J&^o`$W�n l�nsLNƒ&WQMXLNJ<`&W2n'LNMµacMµn&WpW�`$W�`�F

Œ•acMXLX^oaH[+J&LXW2`³MX•4MXLXW�‰³Mm‚<^NW2MXW�n•L�LXl{LNƒ$W�MXLNJ<`&W2n'LNM�LNƒ&W�bŠƒ&V�\c\ W�n&zhW¡lh©���������� �!�#"%$&"('P‰³Vhn'•‹bpl�n<b“W2‚<LNMpFmU$ac‰;‚+\HW

acMNMNJ&W2M8\caH¯hW)��n<`<acn$zqLNƒ&W MXLNVBLXW lh©+V•bpl�‰;‚+J&LNVBLNaHl�n*�BW�n&©�lh^ob2acn$z•‰{J$LNJ<Vh\'W“†&bp\cJ<MNaHl�n*�BV�n&`;`&WpLXW�b“LNacn&z�LXWp^o‰³acn<VBLNaHl�n

VB^NWµLX^NW2‰‹W2n<`&l�J<MN\H• bpl�‰;‚+\cacb2VBLXW2`�F�‘ MXW2L_lh©�^Nl�J&LNacn$W�M�ac‰;‚+\HW�‰;W�n•LNacn&z�LNƒ$Wµ‚<^NlhLXl4bpl�\cM‡LNƒ<VBL_Vh`<`$^NW�MNM�LNƒ&WµacMNMNJ&W�M

ª¡a LNƒ<acny`&acMXLX^oaH[+J&LXW�`—MX•4MNLtW�‰³M•ªqac\c\8ƒ$W�\H‚yLNƒ&W‹MXLNJ&`&W�n•LNMPJ<n<`&Wp^oMXLNVhn<`*��Vhn<`y©›Vhb2ac\caHLNVBLXW{LNƒ&W;LXW2Vhboƒ<acn&zs‚<^Nl4bpW2MoMpF

�¡l�ªmWp±hW2^��1acnsLNƒ&W MNƒ&lh^NLq`<J&^oVBLNaHl�n’lh©‡V�n—Vhb2Vh`$W�‰³acbOLXWp^o‰+��‚&^olhzh^oVh‰³‰‹acn&z‹lh©�V�\H\�LNƒ&W `<a�,�Wp^NW�n•Lq‚<^NlhLXl4bpl�\cM¡acM

V;±hWp^N•s`<a��"bpJ<\HLmLNVhMX¯�F�ˆqƒ&W�‚�W2`<VBzhlhz�acb2Vh\�LXl4l�\cMµMN•4MXLXW�‰«ªmWQƒ<V2±�WQac‰;‚+\HW�‰;W�n•LXW�` ªqac\c\+‚<^Nl�±4ac`&W•LNƒ&WOMXLNJ<`$W�n•LNM

ª¡a LNƒs^Nl�J&LNaHn&W�M LNƒ<VBLqLNƒ$W2•sbpV�n’J<MXWOLXl³V�aH`sLNƒ$W�aH^q\HW�VB^on<acn&z$F

-

J&^1‚<^Nl�¬XW�b“L>‚&^ol�±$ac`&W2M�^Nl�J&LNaHn&W�M�LNƒ<VBL8ac‰;‚+\HW2‰‹W�n•L�©›l�J$^>‚<^NlhLXl4bpl�\cM).1LXW2^o‰³acn&VhLNaHl�nQ`&WpLXW�b“LNaHl�n ['•PŒ•a ¬X¯4MXLX^ŠV/�



S

W2L•V�\›F�� S�� ��IKƒ<Vhn<`$•—Vhn&`���Vh‰‹‚�lh^NL��TM•`<acMXLX^oaH[+J&LXW2`sz�\Hl�[<Vh\8MNn<VB‚+MNƒ&lhLNM�� G	� �1~ •'u�Vhn•LNacn&W‹€�W�n&Wp^oVh\cM•VBzh^oWpW�‰;W�n•L

['•
��Vh‰‹‚�lh^NL
�•W2L�Vh\ F�� k � �4Vhn<`��¡acbpVB^oL‡V�n&`³‘¡zh^oV�ª Vh\cV
�TM�‰ J&LNJ<Vh\&W“†&bp\cJ<MNaHl�n�� G2}�� F‡‘�\Hl�n&zPªqaHLNƒ;LNƒ$W�MXW��•ª Wqƒ<V�±hW

ac‰‹‚<\HW�‰‹W2n'LXW2`O‰‹W2MNMoVBzhWm‚+VhMNMNacn&zµ‚<^oac‰³aHLNaH±hW2M�n&WpW�`$W�`O©�lh^8LNƒ&Wmb“l•‰‹‰{J&n<acb2VBLNaHl�nO[�W2LAªmW2W�n ‚<^Nl4bpW2MoMXW2M>W“†$W2b2J&LNacn$z

LNƒ&WQVB[�l�±hWQ‚<^NlhLXl$b“l�\cMpF ˆµƒ&WP‚<^oac‰³aHLNaH±hW2MKMNJ$‚<‚�l�^NL LNƒ&WO©�l�\c\Hl�ªqacn&z{L •4‚�W2Mqlh©‡‰;W�MNMNVBzhWQ‚+VhMNMoacn$z�.�`&WpLXW2^o‰‹acn<acMXLNacb

MX•$n&bŠƒ$^Nl•n$l�J<MOMXW�n<`$¦ ^NW�b“W�aH±hW �8`&W2LXWp^o‰³acn<acMXLNacb{VhMX•$n<boƒ&^Nl�n&l�J<MOMXW2n<`$¦ ^NW�bpW2aH±hW���n&l�n<`$W2LXWp^Š‰‹acn<acMXLNacb MX•$n<boƒ&^Nl�n&l�J<M

^NW�b“W�aH±hW �1Vhn<`yn&l�n<`&WpLXW2^o‰³acn<aHMNLNacb•V�MX•4n<boƒ&^Nl�n&l�J<M�^NW2bpW2aH±�WBF�� W;Vh^NW{Vh\cMXli‚<^Nl�±4ac`<acn&z‹LNƒ&W{VB[+ac\caHL • LXl"zhW2n&W2^oVBLXW

LX^oVhbpW2Mqlh©�LNƒ&W•Wp†4W�b2J$LNaHl�n—lh©�LNƒ$WP‚<^NlhLXl$b“l�\cM
�+ªqƒ<acboƒ ª¡ac\c\+[�WOƒ<Vhn<`$•i©�l�^¡b2\cVhMNMX^Nl4l�‰«`&acMNb2J<MNMNaHl�n<MpF

� �

����� ���)���d�

¥��

…‡†$LtW�n<MNaH±hW ^NW2MXW�VB^oboƒ acM"[�W�acn&z `$l•n$W acn LNƒ&W �+W�\H` lh© `<acMXLX^oaH[+J&LXW2` MX•$MXLXW2‰³MpF ˆqƒ&W°n4J&‰ [�Wp^ lh©;MXLNJ<`$W�n•LNM

LNVB¯$acn$zsbpl�J&^oMXW2MPacn°`<acMXLX^oaH[+J$LXW�`—MX•$MXLXW2‰³MPVhn<`°n$W2L ªmlh^N¯4acn&z’ƒ<VhM•acn<b“^NW�VhMXW�`�FQˆqƒ&acM•‰³VB¯hW�MOaHL�ac‰‹‚�W2^oVBLNaH±hW LXl

©�l$bpJ<M¡l�nyª lh^N¯s^NW�\HVhLXW2`„LXl"LXƒ&W;`$W2±hW�\Hlh‚<‰‹W�n•L�lh©_LXl'l�\cM�LXl Vhac`„acn’LNƒ&W2aH^•\HW2Vh^on&acn&z$F¡ˆqƒ&WQ‚<^NlhLXl4bpl�\cM•Vhn<`—LNƒ&W

‰‹W2MNMNVBz�Wµ‚+VhMNMNacn&z•VB[+MXLX^oVhb“LNaHl•n{LNƒ<VBL_ªmWµƒ<V�±hWµ‚&^Nl�±$ac`$W�` ©›lh^o‰Ÿ‚+VB^NL‡lh©+LNƒ&WK[+VhMNacb2M�lh©�`&acMXLX^oaH[+J&LXW�` b“l•‰;‚+J&LNacn&z

bpl�n&bpW2‚&LNMpF—xyl�MXL lh©µLNƒ$W"b2J$^o^NW2n'LN\H•°V�±BVhac\cVB[+\HW‹LXl4l�\cMOLNƒ<VBL VBLXLXW�‰;‚<L{Ltl„‚<^Nl�±4ac`&W‹MNac‰³ac\cVB^Oac‰‹‚<\HW�‰‹W2n'LNVBLNaHl�n<M

VB^NW;bpJ<MXLXl�‰³aHupW�`—©�lh^•V³‚+VB^NLNacbpJ<\cVB^�VB‚<‚+\cacbpVBLNaHl�n—Vhn&`„bpV�n&n&lhL�[�WQacn<bplh^N‚�lh^oVBLXW�`yacn'LXl³l�J&^¡‚�W�`&VBz�lhz�acbpVh\8LXl4l�\ F

U4l�‰‹WPLXl'l�\cMqlh©>‚+VB^NLNacb2J<\cVB^µacn'LXWp^NW�MXLµVB^NW .

�

Œ•ac`$•$‰³Vslh^��¡WpLNMNac‰�� w��macMOV’z�^oVB‚+ƒ&acb2Vh\_n&WpL ªmlh^N¯ `&l4b2J<‰;W�n•LNVBLNaHl�nCVhn<` ‰‹l�n<a LXl�^oacn$z’LXl'l�\_[+VhMXW�` l�n

rNI x„] ��‚+acn&z(� Vhn<`„ˆ¡IK] ‚�l�^NLNMpFqˆµƒ&WQ©›Vhb2ac\caHLNaHW2MµLNƒ&WQLXl'l�\>‚<^Nl�±4ac`&W2M¡acn<bp\cJ<`&W . Vizh^oVB‚+ƒ’l�©�LNƒ&W{MNLNVBLNJ&M

lh©�LNƒ&Wqn&l$`$W�M_acn³VOn$W2L ªmlh^N¯;Vh\Hl•n$zOª¡aHLNƒ‹LXƒ&W�aH^_ƒ&acMXLXl�^N• �'^oVhacMNacn&z•lh©�Vhn³Vh\cVB^o‰®ªqaHLNƒ³VO‰³Vhac\&n&lhLNa���b2VBLNaHl�n

aH©8Vhn’Wp±hW�n•L �›a F WBFmV³boƒ<Vhn&zhW acn’MXLNVBLNJ<Mqlh©8V³n&l4`&W!�ml4b2b2J$^oM��<Vhn<`sl�J&LX‚+J$Lqlh©�LNƒ&WPLNJ$^on<VB^Nl•J&n<` LNac‰‹W2Mqacn

LNƒ&W‹n&WpL ªmlh^N¯�F

-

n&W;b2Vhn Vh\cMXls±4aHW2ªŸLNƒ&W‹MXLNVhLNJ&MPl�©mVsn$W2L ªmlh^N¯y^oW2‰‹lhLXW2\H•„ªqaHLNƒ°V [<^Nl�ªqMXW2^OJ&Moacn$z"LNƒ&W

Œ•ac`$•$‰³V���ˆµˆq] MXW2^N±4acbpWBF �ql�ªmW2±hW2^��+LNƒ<acMmLXl4l�\1`&l'W�MKn&lhL ‚<^Nl�±$ac`$WPVhn'•"©›J<n&bpLNaHl�n<Vh\caHL •‹n&WpW�`&W2`s©›lh^KLNƒ&W

LXl'l�\�ªmWOVB^NWOLX^N•$acn&z;LXl³‚<^Nl�±$ac`&WBF



Z

�

�QF��•VB¯4aHW�\cV°`&W�MNb“^Ša [�W2M;LNƒ$W—J&MXW’lh©�V MNac‰‹‚+\HW"±4acMNJ<Vh\caHu2VhLNa l•n LXW2boƒ<n<a �'J&WsLXl ^NW�MXl�\H±hW’`<a��"bpJ<\HL��4J$W�J<acn&z

‚<^Nlh[+\HW2‰³M;Vhn<` MX•4MXLXW�‰ l�±hWp^Š\Hl�Vh`)acn V \cVh^NzhW—`<acMXLX^oaH[+J$LXW�` MX•$MXLXW2‰ � Z�� F �qW�MX‚�l�n<MXWsLNac‰;W—‚&^olh[+\ W�‰³M

bpVhJ<MXW�` ['•y\Hl$bN¯°b“l�n'LXW2n'LNaHl�n*� �'J&W2J<acn&z `&W2\cV�•4M
�>Vhn<` MXlh©�LP©›V�J&\HLNMPb2Vhn°[�W{W�VhMNac\H•yac`&W�n•LNa��+W2`„ªqaHLNƒ„LNƒ<acM

LXW2bŠƒ&n<a �4J$WhF �ql�ªmW2±hW2^��KLNƒ&acM;LXl'l�\qVh\cMXl `&l'W�M‹n&lhL‹‚&^ol�±$ac`$W’LNƒ$Ws‚<^NlhLXl$b“l•\cM;lh^³LNƒ&W’‰;W�MNMNVBzhW—‚<V�MNMNacn&z

^Nl�J&LNacn&W2MµLNƒ&VhLKªmWQVB^NWOLX^o•4acn&z;LXl³‚<^Nl�±4ac`&WPacn l�J&^µLXl4l�\ F

�

-

n&W;lh© LXƒ&W³LXl'l�\cMOªqƒ<acboƒ acMPMNac‰‹ac\cVB^•LXl’l�J&^Qn&W2W2`<MOacM��XŒq‘��%.8ˆ�l4l�\H¯4aHL•©�lh^ Œ�acMXLX^oaH[+J&LXW�`„‘�\Hzhlh^oaHLNƒ<‰³M

U$ac‰ J<\cVBLNaHl�n;acn���V�±BV��/�4ªq^oaHLXLXW2n‹['• �°l�\H©�z•Vhn&z;U$boƒ&^NW2acn&Wp^ � G�S � F_ˆµƒ&WKLXl4l�\H¯4aHL_ac‰‹‚+\HW2‰‹W2n'LNM‡MXl�‰;Wq‚<^NlhLXlB¦

b“l�\cM���acn<bp\cJ<`<acn&z L ªml"lh©‡LNƒ$W ‚&^Nl�LXl4bpl�\cMqn&W2W2`&W2`—['•sLNƒ&WQ‚<^Nl�¬XW�b“L
. LXWp^Š‰‹acn<VBLNaHl�n—`&W2LXW2bpLNaHl�nyVhn<`—z�\Hlh[+Vh\

MNn<VB‚+MNƒ&lhLNMpFµr L�Vh\cMXli‚<^Nl�±4ac`&W2M¡V³zh^oVB‚+ƒ<acbpVh\>acn•LXW2^N©›VhbpW{acn��•V2±BVi©�lh^�±$acMNJ&V�\HaHu�VBLNaHl�nslh©‡LNƒ&WQ‚<^NlhLXl$b“l�\>Wp†'¦

W2b2J&LNaHl�n�F ‘�n’VB‚<‚+\HWpL¡MNƒ&l�ªqMµLNƒ$W MNac‰ J<\cVBLNaHl�n lh©‡LNƒ&WOLXWp^o‰³acn<VBLNaHl�ns`&WpLXW�b“LNaHl�ny‚<^NlhLXl4bpl�\1l•n—V³n$W2L ªmlh^N¯

ªqaHLNƒ MNa † n$l$`&W2MpF � ƒ&W�n Vyn&l4`&W‹acMOb2\cacbN¯hW�`*�‡aHLNMOMXLNVBLXW��›VhbpLNa ±�Wil�^Q‚+VhMNMNaH±hW!� �‡Vhn<` aHLNMQbpl�\Hlh^ Vh^NWi`<acMt¦

‚+\cV2•hW�`�F ��ƒ&W2n’V³boƒ<Vhn<n&W2\�acMKb2\cacbN¯hW2`—l�n*�<aHLNMµMXLNVhLXW ��W2aHLNƒ&Wp^qW2‰‹‚<L •il�^¡n&l�nsW�‰;‚<L • ��acMK`<acMX‚+\cV�•hW2`�F

‘*MNac‰{J&\cVBLNaHl�n’lh©‡LNVB¯4acn&z"Viz�\Hlh[+Vh\�MNn<VB‚+MNƒ&lhLqacM¡MNƒ&l�ªqn—±4acViVhnyVB‚<‚+\HW2LqJ<MNacn&z‹Vi[+Vhn&¯4acn&z³MX•4MXLXW�‰ŽWp†'¦

Vh‰‹‚<\HWhF���ƒ$W�nCVsn&l4`&W‹acMQbp\cacbN¯hW�` l�n*�>LNƒ$Win&l4`&W;MNLNVBLNJ&M acn„LNƒ&W³©�lh^o‰|lh©mLNƒ&W³b2J&^N^NW�n•LP[+Vh\cVhn<b“WiVhn<`

ªqƒ&W2LNƒ$W2^¡LNƒ$WQn&l$`&WPacMµLNVB¯$aHn&ziV³MNn&Vh‚<MNƒ&lhLqacMµ`<acMX‚+\cV�•hW2`�Fmˆµƒ&WQn'J<‰ [�Wp^µlh©�‰³VB^N¯hW2^�‰;W�MNMNVBzhW�M¡n&W2W2`&W�`

LXl [�Ws^NW2bpW�aH±hW2` ['• V n&l4`&W � Vhn<` V MNn<VB‚4±BVh\cJ$W ��±BVh\cJ&Wslh©�LNƒ&W—\Hl$bpVh\µ[+Vh\cVhn<b“W’VB©›LtW2^"MNn<VB‚+MNƒ$l�L;ª VhM

acn<aHLNaHVhLXW2`sJ<n•LNac\�Vh\c\�LNƒ&WQ‰³VB^N¯hWp^ŠMqVB^NW ^NW2bpW2aH±hW�` � acMqVh\cMXli`&acMX‚+\cV�•hW�`�Fm‘Ÿbpl�n<MXLNVhn•L�n'J<‰Q[�Wp^qlh©�n&l$`&W2MqacM

J<MXW2`�F�ˆqƒ&W LXl'l�\<`&l'W�M‡n&lhL‡‚&^Nl�±$ac`$WK±hW2bpLXlh^�lh^��>Vh‰;‚�l�^NL�\Hlhz•acbpVh\$LNac‰‹W2MXLNVh‰‹‚‹acn&©�lh^Š‰‹VBLNaHl�n�F
	�n&^NW2\cacVB[+\HW

‰;W�MNMNVBzhWP‚+VhMNMNacn&z;acM Vh\cMXl;n&lhLµMNJ$‚<‚�l�^NLXW2`�F‡²<J&^NLNƒ&Wp^��&aHLK`$l4W2Mµn&lhLKac‰‹‚<\HW�‰‹W2n'L Vh\c\�LNƒ&WPMXW2\HW�b“LXW�` ‚<^NlhLXlB¦

b“l�\cM2F ²�acn<Vh\c\H• ��LNƒ&W;VB‚<‚+\cacbpVhLNa l•n„bpl�J<\c`„n&lhL•[�W{[�W{J<MXW2`°['•yl�J&^PaH‰‹‚+\HW2‰‹W�n•LNVBLNaHl�n„[�W2b2VhJ<MXW{ª W‹ƒ<V�±hW

MXW2\HW�bpLtW�` I��
� ©�lh^Ql•J$^{LXl'l�\�[�W�b2VhJ&MNW³l�J&^QLXl4l�\macMQV—‚<Vh^NLQlh©µVy[+aHzhzhWp^��oIml�n<b2J$^o^NW2n'L;Iml�‰‹‚+J&LNacn$z��

‚<^Nl�¬NW2bpLpF



E

�

‘�n$lhLNƒ&W2^{LXl4l�\���MNac‰³ac\cVB^OLXl°LNƒ$W VB[�l�±hW’V�n&` V�\HMNl„acn ��V�±BV/� acM ���•acMNJ<Vh\caHu2VBLNaHl�nCl�©��¡Vhn<`$l•‰‹aHu2W2` Œ•acMt¦

LX^oaH[+J$LXW�` ‘¡\Hzhl�^oaHLNƒ&‰³M �/�>ac‰‹‚+\HW2‰‹W2n'LXW2`°['• xyacn<VhM �>Vh‰‹‚&^Nl•J°Vhn<` r§l�Vhn<n<acM•]mMNVB^oVB¯4acMpF"ˆµƒ&W;‚+Vhbo¯BVBzhW

bpVh\c\HW�`��•U$aH‰�¬NV�±BV�� � R ��acM_J<MXW2`‹LXlQMNac‰{J&\cVBLXWµLNƒ&WqWp†4W�bpJ&LNaHl�n³lh©�VOMXW2L�lh©�^oVhn<`&l�‰³aHupW�`{‚<^NlhLXl$b“l�\cM�MoJ&bŠƒ³VhM

�1W�Vh`&Wp^•…�\HW�b“LNaHl�n’acn—V��¡acn&z��<Œ•acn<acn$z³]�ƒ<ac\Hl�MXlh‚+ƒ&Wp^oM
�<Vhn&`—~m•'u�Vhn'LNaHn&W ‘¡zh^NW2W�‰;W�n•LpF �¡l�ªmWp±hW2^���l�J&Lqlh©

LNƒ&W2MXW��$l�n<\H•;LNƒ&W•~m•4u2Vhn'LNacn$WO€�W�n&Wp^oVh\cMm‘¡zh^NW2W�‰;W�n•LK]�^NlhLXl4bpl�\�acM�lh©>J&MXW¡©�lh^ l�J$^ ‚<J&^N‚�l•MXWBF�ˆqƒ&W�Vh‚&‚+\HW2L

‚<^Nl�±$ac`&W2`"±$acMNJ<Vh\caHupW�Mm~mW�n4¦

-

^ �TM VhMX•$n<boƒ&^Nl�n&l�J<M ^oVhn<`&l�‰³a u2W�`i`<acMXLX^oaH[+J&LXW2`iMXl�\cJ&LNaHl�n"LXl;LNƒ$WP~ •'u�Vhn•LNacn&W

€�W2n&W2^oVh\cMO‚<^Nlh[+\HW2‰+�>acn°LNƒ$Wib2VhMXWilh© l�n&W³LX^oVhaHLXlh^ Vhn<` �<±�W³\Hl�•�Vh\_zhW�n&Wp^oVh\cM2F � Wiƒ<V�±hW"ac‰;‚+\HW�‰;W�n•LXW�`

LNƒ&WsVBzh^NWpW�‰‹W2n'L{‚<^NlhLXl$b“l�\K‚&^Nl�‚�l�MXW2` [4• ��Vh‰‹‚�lh^NL
�_WpLpFTVh\ F U$ac‰�¬NV�±BVyacM ac‰‹‚+\HW2‰‹W2n'LXW2`Cacn �•V2±BV/� Vhn<`

ƒ&W2n<bpW¡`&l'W�M�n&lhL�MNJ<aHL_l�J&^_n&W2W2`<MpF_²&J&^NLNƒ&W2^��&U4ac‰�¬NV�±BVO`&l'W�M�n&lhL�‚<^Nl�±$ac`&WKLXl'l•\cM_©�lh^mJ<n&^NW2\cacVB[+\HWK‰‹W2MoMNVBzhW

‚+VhMNMNacn&z��&lh^q©�lh^q`&W2±hW2\Hl�‚<acn&z³J&MNWp^µVh‚&‚+\cacb2VBLNaHl�n<M ª¡ƒ&acbŠƒsJ&MXWPLNƒ&WO‚<^NlhLXl$b“l�\cMpF

� ���

	<����� 	 ���;���

� Wµbpl�n<MNac`$W2^‡V�`<acMXLX^oaH[+J&LXW2` MX•4MXLXW�‰*bpl�‰‹‚&^oacMXW�`Qlh©�VPbpl�\c\HW2bpLNaHl�n l�©�MXW��4J$W�n•LNacVh\$‚<^Nl$b“W�MNMXW2M�

������������������������������� �

Vhn<` Vyn&W2LAª lh^N¯CbpVB‚+VB[+\HWilh©qac‰‹‚+\HW2‰‹W2n'LNacn&z’J&n<ac`<aH^NW�b“LNaHl�n<Vh\‡b“l•‰‹‰{J&n<acb2VBLNaHl�n boƒ<Vhn<n&W2\cMQ[�W2L ªmWpW�n ‚+VhaH^oMOlh©

‚<^Nl4bpW2MoMXW2M;©�lh^;‰‹W�MNMNVBzhW’Wp†$boƒ<Vhn&zhW�MpF IKƒ<Vhn<n$W�\cM ‰³V�• [�W"^NW2\cacVB[+\HW �›n&l ‰‹W�MNMNVBzhW2M³VB^NWs\Hl�MXL‹acnCLX^oVhn<MNaHL��Olh^

J<n&^NW2\cacVB[+\HWhF �µW�\cacVB[+ac\caHLA• acM ‚<^Nl�±4ac`&W�` ['•CLNƒ&Ws‰‹W2MNMNVBz�Ws‚<V�MNMNacn$z„‚<^oac‰‹aHLNaH±hW�MpF ˆqƒ&Ws`$W�\caH±hW2^N• l�©¡‰‹W2MNMoVBzhW2M

‰³V2• [�Ws`$l�n&W l�J&L‹lh©ql�^o`$W2^�� a F WBF � L ªmlC‰;W�MNMNVBzhW�M;©›^Nl�‰ V„‚<^Nl$b“W�MNM‹‰‹V�• n&lhL{[�W ^oW2bpW2aH±hW�` acn LNƒ&W’MNVh‰‹W

lh^o`&W2^�LNƒ&W2•—ªmW2^NW‹MXW�n•LpF ˆqƒ$W‹b“l•‰‹‰ J<n<acb2VBLNaHl�n„n&W2LAªml�^N¯„acM�VhMNMNJ<‰‹W2`°LXl [�W{MXLX^Nl�n&z�\H•„b“l�n<n&W2bpLXW�` ��[+J&LPn$l�L

n&W2bpW2MoMNVB^oac\H•"©›J<\c\H•³bpl�n<n$W�bpLXW2` ����a F WhF �<Wp±�Wp^N•s‚<^Nl$b“W�MNMµb2Vhn—bpl�‰³‰ J<n<acbpVBLXWOª¡aHLNƒsWp±�Wp^N• lhLNƒ&W2^q‚<^Nl$b“W�MNMµ`<aH^NW�b“LN\H•

lh^PLNƒ&^Nl�J&z�ƒ acn•LXW2^o‰;W�`<acVB^N•s‚<^Nl4bpW2MNMNW2MpF�� W‹VhMNMNJ<‰‹W{LNƒ<VBLPLNƒ&W2^NW{Wp†$acMXLNMPn&l [�l�J<n<`—l�n°LNƒ&W;^NW�\cVBLNaH±hW;MX‚�WpW�`<M

lh©¡LNƒ&W ‚&^Nl$b“W�MNMXW�M
��Vhn<` ‰‹W�MNMNVBzhWsLX^oVhn<MN‰³acMNMNaHl�nC`&W2\cV�•4M;VB^NW’J<n&‚<^NW2`<acb“LNVh[<\HWhF°ˆµƒ<acM MN•4MXLXW�‰ acMQ^NW�Vh\caHupW�` acn

ƒ<VB^o`&ª VB^NWP[4•"J<MNacn&z‹V‹b2\cJ&MNLXWp^qlh©>ªml�^N¯4MXLNVBLNaHl�n<MpF



k

� �

�

� �O£q¥

�

¤

���

�

�; ��

¥

� � �

ž

�¡�

ˆqƒ$WP©�l•\c\ l�ª¡acn&z‹acn&©�lh^o‰³VBLNaHl�n ‚<^Nl�±4ac`&W�MKMXl�‰‹WQ[+VhbN¯4zh^Nl�J<n&`—acnsLNƒ&WO©�lh^o‰«lh©‡`&W#��n<aHLNaHl�n<MmLNƒ<VBL�VB^NWQn&WpW�`&W2`sLXl

J<n<`$W2^oMXLNVhn<` LNƒ&W³`&W2LNVhac\cMQVhn<` LNƒ$Wiac‰‹‚�lh^NLNVhn<b“W³lh©µLNƒ$Wi‰‹W2MNMNVBz�Wi‚+VhMNMoacn$zs‚<^oac‰³aHLNaH±hW2MPV�n&` ‚<^NlhLXl$b“l�\cMQLNƒ&VBL

VB^NWOLXl³[�WOac‰‹‚<\HW�‰‹W2n'LXW2`�F

I l�n&Moac`$W2^QV—`<acMXLX^oaH[+J&LXW2` MX•4MNLXW2‰ Œ¨VhM;`$W�MNbp^oaH[�W2` acn LNƒ&W³‚<^NW2±4aHl�J<MOMXW�b“LNaHl�n�F �1W2L����µ`&W�n$l�LtWiLNƒ&W"MXWpL

lh©µWp±hW�n•LNM;l4b2bpJ&^N^oacn&z—acn ‚<^Nl4bpW2MNM � � �‡Vhn<`C\HWpL������ �
	 FHFHF�	�� �°`&W�n$l�LXWiLNƒ&W"MXW2L lh©µVh\c\�Wp±hW�n•LNM{lh©µLNƒ&W

`<acMXLX^oaH[+J$LXW�`Obpl�‰;‚+J&LNVBLNaHl�n�F �¡W2^NWKaHL8acM8VhMNMNJ<‰‹W2`{LNƒ&VhL8W�Vhboƒ � � acM8MXW	�'J&W2n'LNacVh\��hVhn<`{LNƒ&VhL8LNƒ&W W2±hW�n•LNM_acn�� � VB^NW

lh^o`&W2^NW2` [4•iLXƒ&WPMXW	�'J&W�n&bpWPlh©8LNƒ$W�aH^ l$bpb2J&^N^NW2n<bpWBFm²8aHz�J&^NW{GOMNƒ&l�ª¡MKV;LNac‰;Wp¦AMX‚+VhbpWO`<acVBzh^oVh‰ lh©8V;`<acMXLX^oaH[+J&LXW2`

MX•$MXLXW2‰ ª¡aHLNƒ LNƒ&^NWpWs‚<^Nl$b“W�MNMXW�MpF ˆqƒ&W ƒ&lh^oaHu2l�n'LNVh\µVB^N^Nl�ª¡M{^NW2‚<^NW2MXW�n•L³acn<b“^NW�VhMNacn&zyLNac‰‹WsVhn<` b2aH^obpJ<\cVB^‹`$lhLNM

^NW2‚&^oW2MXW�n•L³LNƒ&W’Wp±hW�n•LNM2F�ˆµƒ&Wslh^o`&W2^‹lh©•l$bpb2J&^N^NW2n<bpW’lh©•LNƒ&W—`<a�,�Wp^NW�n•L‹Wp±�W2n'LNMiacn LNƒ$Wy`&acMXLX^oaH[+J&LXW�` MX•4MXLXW�‰

n&WpW�`<MqLXl [�W `&W2`<J<b“W�`�F���Vh‰‹‚�lh^NL�W�MXLNVB[+\cacMNƒ$W�`’LNƒ&W�
�������� �#"*����������� � ���¡^oW2\cVBLNaHl�nyLXl"lh^o`&Wp^•\Hl4b2Vh\8Wp±hW�n•LNM•lh©

V’‚<^Nl$b“W�MNMOz�\Hlh[+Vh\c\H•°aHnCVy`&acMNLX^oaH[<J&LXW�`„MX•$MXLXW2‰�� E � F’ˆµƒ&W�
���� ���%�#"*���!���"���!�����O^NW2\cVBLNaHl�nCacMQ`&W�n&lhLXW2` [4•°LNƒ&W

MX•$‰Q[�l�\ ��# �‹acnsLNƒ$WOl�©>^NW�‰‹V�aHn<`&W2^Klh©�LNƒ&WO`$l$bpJ<‰‹W2n'LpF

P1

P2

e11 e14

e21 e22 e23

e31 e32 e33 e34

P3

C1 IC2

c21

c12 c22

c23 e13

e12

c11

c13

²�aHz�J&^NW‹G .mˆµac‰‹W“¦tU'‚+VhbpWOŒ•acVBzh^oVh‰¨lh©‡V‹Œ�acMNLX^oaH[<J&LXW�`—U4•4MXLXW�‰«ªqaHLNƒ’Z;‚<^Nl4bpW2MNMNW2M



R

����� �����
	

‘���
���� lh©�Vhn„W2±hW2n'LPMXWpL �«acM�V ��n<aHLXW MNJ&[+MXW2L���� �«MNJ<boƒyLXƒ<VBL������ Vhn<`���� #�����ª¡ƒ&Wp^NW��{Vhn<` ���8VB^NW

W2±hW2n'LNM•aHn—LNƒ&W MNVh‰‹WQ‚<^Nl4bpW2MNM
��ac‰‹‚<\caHW�M!� � ���{Fq‘"��
�� �$# ��"%�'& �_acM¡Vhn’W2±hW�n•LPacnsLNƒ&W{b2J&LqLNƒ<VBL�`&l'W�M¡n&lhL�Vh\HLXWp^

LNƒ&WQMXLNVBLXWQlh©8LNƒ&WO‚<^Nl4bpW2MNMpFm²�aHz�J&^NW‹GOMNƒ&l�ªqMµLNƒ&WOLNac‰;Wp¦AMX‚+VhbpWQ`<acVBzh^oVh‰«lh©‡V³`&acMXLX^ŠaH[<J&LXW�`"MX•4MXLXW�‰ FµI J&LNMqVB^NW

MNƒ&l�ªqns[4•"LNƒ$W `$lhLXLXW�`’\cacn&W2MµVhn<`sLNƒ&WObpJ&LqWp±hW�n•LNM�VB^NW ��\c\HW2`�F

‘(���!"�)#$*)$� �#"%�+��
,��lh©qV�nCWp±hW�n•L‹MXWpL � acMQV �+n<aHLXWiMNJ&[+MXWpL��-� � MoJ&bŠƒCLNƒ&VBL.�����ŽVhn<`/� � #0�213� � ���;F

ˆqƒ$W2^NWPacMKn&l;^oW2MXLX^oacbpLNaHl�n"LNƒ<VBL4�OV�n&`2����VB^NWOacn"LNƒ&WOMNVh‰‹WP‚<^Nl4bpW2MNM�� e � F_rtns²�aHz�J&^NW;G ��I•G�z�aH±hW�MµV³b“l•n&MoaHMNLXW2n'L

b2J$L
��Vhn<`srNIKS;acMKVhn—acn<bpl�n<MNacMXLXW2n'LKb2J$LpF

���65 78�:9;�:<%	

ˆqƒ$W=)$� �>� � � �
� � ��������)?)‹acM;`&W#��n&W2` VhM{LNƒ&W ±�V�\HJ&W"lh©�Vh\c\�±BVB^oacVB[+\HW�M J<MXW2` [4• LNƒ$W"‚<^Nl$b“W�MNMpF ˆqƒ&W2)�� �>����� �

�@� ���!" "*���8acM{`&W#��n&W2`CVhM;LNƒ&W"MXW	�'J&W�n<b“W"lh©¡‰;W�MNMNVBzhW�M;MXW�n•L;Vh\Hl�n&zyLNƒ&W boƒ<Vhn<n&W2\mWp†$b2\cJ<`<aHn&z’LNƒ&W ‰‹W2MNMoVBzhW2M

^NW�b“W�aH±hW2`yVh\Hl�n&z;LNƒ&WQboƒ<Vhn<n&W2\ F

A

'�� � ���!�B)$� �:� �Plh©�LNƒ&W‹MX•$MXLXW2‰|Œ acMPV MXWpLPlh©K\Hl4b2Vh\8MNLXVhLXW2M
�>l�n&W‹©�^Nl�‰ W2VhbŠƒ ‚<^Nl$b“W�MNM �
�

�>Vhn<`yLNƒ&W‹MNLXVhLXW‹lh©

W�Vhboƒ—boƒ<Vhn<n&W2\'� �§F�ˆµƒ&W�$ " $6�&$ �!� '�� ��� �!�C)$� �>���KacM l�n&WOacn"ª¡ƒ&acbŠƒ"LNƒ$WOMXLNVhLXW•l�©>W�Vhboƒ’‚<^Nl$b“W�MNMKacMKaHLXMµacn<aHLNacVh\�MXLNVBLXW

Vhn<`—LNƒ&W MXLNVhLtW{lh©_W2V�boƒ„boƒ<Vhn<n&W�\>acMqLNƒ&WQW2‰‹‚<LA•yMXW��4J$W�n<b“WhF�ˆqƒ$WOl$bpb2J&^N^NW�n&bpW lh©_VhnyWp±hW�n•LP‰³V�•’boƒ<Vhn&zhW{LNƒ&W

z�\Hlh[+Vh\1MNLNVBLXWBF

‘?©›J<n<`<Vh‰;W�n•LNVh\+‚<^Nlh‚�Wp^NL •‹l�©1LNƒ&W�`<acMXLX^oaH[+J&LXW2`iMX•$MXLXW2‰ acM�LNƒ&WP\cVhbN¯³lh©8VQz�\Hlh[+Vh\�MX•$MXLXW2‰ MXLNVBLXWhF U4l�‰‹W�lh©�LNƒ&W

©›VhbpLXlh^oMqLNƒ&VhLµ‚<^NW2±hW2n'LqVhnsl�[<MXW2^N±hW2^q©›^Nl�‰¨`&WpLXW2^o‰‹acn<acn&z LNƒ&WOz�\Hlh[+Vh\1MXLNVBLXW VB^NWQVhMq©�l�\c\Hl�ªqMpF

G	�>‘7‚&^ol4bpW2MNMqbpVhn—l�n<\H•i¯�WpW2‚—LX^oVhbN¯ lh©�LNƒ&WO‰‹W2MNMNVBz�W2M�aHLµMXW�n<`&MKlh^µ^oW2bpW2aH±hW�M
��Vhn<` LNƒ4J<MKl�n<\H• aHLNMKl�ª¡n’MXLNVBLXWhF

S �>ˆqƒ&WOMX•4MXLXW�‰³Mµ\cVhbN¯sV³bpl�‰‹‰‹l�n—b2\Hl4bo¯+F

Z ��xyl4`&W2^onsMX•4MXLXW�‰³MµVB^NWObpl�‰‹‚<\HWp†"ªqaHLNƒ J<n&‚<^NW2`<acb“LNVh[<\HW¡‚<^Nlh[+\HW2‰³M \caH¯hWQIK] 	•b“l�n'LXW2n'LNaHl�n*�+acn•LXW2^N^oJ&‚<LNM
�&Vhn<`

‚+VBzhWO©›VhJ<\HLNMpF

E��Krtn V„`&acMXLX^Ša [+J&LXW�` MX•$MXLXW�‰ �mb“l�‰³‰ J<n<acbpVhLNa l•n acM n&lhL{acn<MXLNVhn•LNV�n$W2l�J<M{`<J&W"LXly‚<^Nlh‚+VBz�VBLNaHl�n `&W�\cV�•4M
��b“l�n$¦



e

LXW�n•LNaHl�n’©›lh^qn&W2LAªmlh^o¯ ^NW2MXl�J&^obpW2M
��Vhn<`s\Hl�MXL¡‰;W�MNMNVBzhW�MµLNƒ<VBLq^NW��4J<aH^NW•^NWpLX^oVhn<MN‰³acMNMNaHl�n�F

rtn‹‰‹l�MXL_MNaHLNJ<VBLNaHl�n<M
�•acn&MNLtW�Vh`‹lh©�`&WpLXW2^o‰³acn&acn&z•LNƒ&WKWp†$VhbpL�z�\Hlh[+Vh\<MXLNVBLXWµl�©�LNƒ$WqMX•4MXLXW�‰+�4V•z�\Hlh[+Vh\$±$aHWpª��'bpVh\c\HW�`

V z�\Hlh[+Vh\�MNn<VB‚+MNƒ&lhL
�1LNƒ&VBLOacM•bpl�n<MNacMXLXW2n'L•ªqaHLNƒ°bpVhJ<MNVh\caHL •yacMP`&WpLXW2^o‰³acn$W�` � ­�� F;…_±hW�n•LNMP^oW2\cVBLXW�`„[4•—LNƒ&W;ƒ<VB‚&¦

‚�W�n$W�`s[�W2©�lh^NWO^oW2\cVBLNaHl�nyVB^NW MNVhac`sLXl"[�WOb2VhJ<MNVh\c\H• ^NW2\cVhLXW2`*��VhM¡l�n&WOW2±hW2n'L•‰‹V�•’ƒ<V�±hW{b2VhJ<MXW2`yLNƒ$WQl4b2bpJ&^NW�n&bpW

lh©�LNƒ&WPlhLNƒ$W2^2F

‘ '�� � � �!� )�" ��� )�� �:�µlh©qLNƒ&WsMX•$MXLXW2‰ acM{`&W#��n&W2` VhM‹V„MNLNVBLXWslh©qLNƒ&Ws`<acMXLX^oaH[+J&LXW2` MX•$MXLXW2‰ LNƒ<VBL‹‰‹aHz�ƒ'L;ƒ<V�±hW

l4b2b2J$^N^oW2`�� GhG�� F_‘�z�\Hlh[+Vh\+MNn<VB‚+MNƒ&lhLmacM�bpl�‰;‚<^oacMXW�`;l�©�LNƒ&W¡MXW2Lmlh©�‚<^Nl$b“W�MNM�MXLNVBLXW�M VBLmLNƒ&W¡LNac‰;WqLNƒ&W¡b2J$L Wp±hW�n•LNM

lh©1VObpl�n<MNacMXLXW�n•Lmb2J$LmVh^NWµWp†4W�bpJ&LXW�` �<VhM_ªmW2\c\+VhMmVhn••‹l�J&LNMXLNVhn<`&acn&zO‰‹W2MNMNVhzhW2M acn‹LNƒ&Wqbpl�‰ J<n<acbpVhLNa l•n³bŠƒ&Vhn<n&W�\cMpF

U$n<VB‚+MNƒ$l�LNM�VB^NW¡J<MXW2©›J<\<©�lh^mVB‚<‚+\cacbpVBLNaHl�ni‰‹l�n<aHLXlh^oacn&zOVhn<`ibpl�n'LX^Nl�\��4WBF z$Fm`&W2Vh`<\Hl4bo¯;`&WpLXW�b“LNaHl•n �&V�n&`i`&WpLXW�bpLNa l•n

lh©�LXlh¯hW�n—\Hl�MNMpF

����� 78�:9���� <��
	
<���
��,9;�:<

�1W2L��•[�WPV ‚<^NW2`<acb2VBLXW•©›J<n&bpLNaHl�n"`&W#��n&W2`"l•n LNƒ$W•z�\Hlh[+Vh\�MXLNVBLXW2Mµlh©>V;`<acMXLX^oaH[<J&LXW�`iMX•4MXLXW�‰«Œ7MNJ<boƒ LNƒ<VBL��������

acMOLX^oJ&Wilh^ ©›Vh\cMNW³©�l�^{V’z�\Hlh[+Vh\�MXLNVhLXW—U„l�©qŒ F8ˆµƒ&Wi‚<^NW2`<acb2VBLXW��iacMQMNVhac` LXly[�W³V@)$� ������� � ����� $ ���>��� lh©qŒ¨aH©

������� ac‰‹‚<\caHW�M�������� �Q©�lh^PVh\c\>z�\Hlh[+Vh\8MXLNVhLXW2MQU ��l�©_Œ ^NW�Vhboƒ<VB[+\HW{©�^ol�‰ z�\Hlh[+Vh\8MXLNVBLXWiU’lh©mŒ F1ˆµƒ4J&M
��aH©��{acM�V

MXLNVB[+\HWO‚<^Nlh‚�W2^NLA•��<Vhn<`��OacM LX^oJ&WQVBL�V‹‚�l�acn•Lqacn LNƒ&WQb“l�‰‹‚+J&LNVBLNaHl�n’lh©‡Œ �<LNƒ&W2n��OacMKLX^oJ&WQVBL¡Vh\c\1\cVBLXWp^¡‚�l�acn'LNM

acn’LNƒ<VBL•b“l•‰;‚+J&LNVBLNaHl�n � G�� F•²$lh^•Wp†$Vh‰‹‚+\HW ��aH©_V³MX•$MXLXW�‰ ƒ<VhM¡LXWp^o‰³acn<VBLXW2`*��LNƒ$W{‚&^oW2`<acbpVBLXW{b“lh^N^oW2MX‚�l�n<`<acn&z;LXl

LNƒ&WP`$W2LXW�b“LNaHl�nslh©>LXWp^Š‰‹acn<VBLNaHl�n"lh©>LNƒ$WOMN•4MXLXW�‰ ªqac\c\<[�W•LX^oJ&W �&V�n&` ª¡ac\c\<^NW2‰³Vhacn"LX^oJ&WhF)�¡W2n<bpW �<LNƒ&W•‚<^NW�`&acb2VBLXW

acMµb2Vh\c\HW�`—ViMXLNVB[+\HWO‚&^oW2`<acbpVhLXWBFKˆµƒ&WO‚<^Nl$b“W�MNMXW2M¡acn’‰³Vhn••’`<acMXLX^oaH[+J&LXW�`"bpl�‰‹‚+J$LNVBLNaHl•n&M�VB^NWQbpl�n<MNac`&Wp^NW�`sLXl"[�W

bpl�‰;‚<^oacMXW�`ylh© VsMXW��4J&W2n<b“W;lh©�‚+ƒ<VhMXW2MpF{…�VhbŠƒ„‚+ƒ<VhMXW;acM•bpl�‰‹‚�l�MXW2`°lh©mVhn VhbpLNaH±hW‹‚+VB^NL
�1ª¡ƒ&Wp^NW‹J&MNWp©›J<\>ªmlh^N¯

acMP`&l�n&W �>Vhn<` V’MXLNVB[+\HW{‚+VB^NL
��ª¡ƒ<aHbŠƒ°acn<`<acbpVhLXW2M•LNƒ&W;W�n<`„lh©KV ‚+ƒ&VhMNWBF‹ˆqƒ&acM•acMPVhn<Vh\Hlhzhl�J<MOLXl’V—MXW��4J&W2n'LNacVh\

‚<^Nlhzh^oVh‰ \Hl'lh‚+acn&z;LXli‚<^Nl4`<J<b“W MXl�‰;W ^NW2MNJ<\HL
�+J<n'LNac\�MNJ<b2b“W�MNMNaH±hW aHLXW2^oVBLNaHl�n<Mµ‚<^Nl$`&J<bpWQn&l³bŠƒ&Vhn&zhWhF¡Œ�WpLXW�b“LNaHl�n

lh©‡MXLNVB[+ac\caHLA•"acM W�MNMXW�n•LNacVh\1©�lh^µLXW2^o‰³acn&VhLNaHn&z;l�n&WO‚<ƒ<VhMNWPV�n&`—MXLNVB^NLNacn&z;LNƒ&WQn&W“†$LpF



w

� �

¥

���+�

�

� � �

¥��

ˆqƒ&acM•MXW�b“LNaHl�n `&W2MNbp^oaH[�W�M�LNƒ$W‹`&WpLNVhac\cM•lh©�LNƒ&W‹‚&^Nl�¬XW�b“LPª lh^N¯ ��Vhn<`°LNƒ$W³`&WpLNVhac\cM•VB[�l•J$L•LNƒ&W³‰;W�MNMNVBzhW‹‚<V�MNMNacn&z

‚<^oac‰‹aHLNaH±�W2MqVhn&`y‚<^NlhLXl4bpl�\cM¡LNƒ<VBL•ƒ<V�±hW [�WpW�nyac‰‹‚+\ W�‰‹W2n'LXW2`�F¡ˆqƒ$W ‚&^Nl�¬XW�b“L•bpl�n<MNacMXLNM¡lh©_LNƒ$W ©�l�\c\Hl�ªqacn&z‹‚+VB^NLNM

ª¡ƒ&acboƒ’VB^NWQ`&W2MNbp^oaH[�W�` acn LNƒ$WQMNW2bpLNaHl�n<MK[�W�\Hl�ªOF

GBFqrt‰;‚+\HW�‰;W�n•LNVBLNaHl�n’lh©>LNƒ&WObpl�n•LX^Nl�\1‚&^ol4bpW2MNMqVhn<`’acn•LNacVh\caHu�VBLNaHl�n"^Nl�J&LNacn&W2MK©�lh^KLNƒ&WO^NW�‰‹V�acn&acn&z ‚<^Nl$b“W�MNMXW�MpF

S'Fqrt‰;‚+\HW�‰;W�n•LNVBLNaHl�n’lh©8‰‹W2MoMNVBzhWQ‚+VhMNMNacn&z{^Nl•J$LNacn&W�MpF

Z'Fqrt‰;‚+\HW�‰;W�n•LNVBLNaHl�n’lh©>LNƒ&WO‚<^NlhLXl$b“l�\cMpF

�8��� ����� � 		� � �
		� � <%	>	 9
�����
��
 � 
 9 � 
���9;� 
����

GBF���� � ����� �#"%� �>��$��!"

‘�M LNƒ$W �+^oMXL MXLXWp‚�lh©QLNƒ&W°‚<^Nl�¬NW2bpL
�•V bpl�n•LX^Nl�\•‚<^Nl$b“W�MNM"‚<^Nlhzh^oVh‰ ƒ<VhM [�WpW�n�ac‰;‚+\HW�‰;W�n•LXW�`�F*ˆqƒ<acM

‚<^Nlhzh^oVh‰«‚�W2^N©�lh^o‰³M ac‰‹‚�lh^NLNVhn'Lm©›J<n<b“LNaHl�n<M `<J&^oacn&z{acn<aHLNacVh\caHu2VhLNa l•n�F8ˆqƒ&WPb“l�n'LX^Nl�\�‚<^Nl$b“W�MNMKacMK[�l�J<n&`iLXl

V"‚�lh^NL•Vhn<`„aHL•VhbpLNMOVhMPV MXWp^o±hWp^2F ˆµƒ&W{lh[4¬XW�b“LNaH±hW;lh©mƒ<V�±4acn&z MNJ<boƒ°V"‚<^Nl$b“W�MNM•acM�LXl [�W{VB[+\HW LXlsMXLNVB^NL

LNƒ&Wi`<acMXLX^oaH[+J&LXW2` VB‚<‚+\cacbpVBLNaHl�n ©�^Nl•‰YVyMNacn$z•\HW‹‰³Vhboƒ<acn&WBF’ˆµƒ&WiJ&MNWp^ b2Vhn acn•±hl�¯hW"LNƒ&acMP‚<^Nlhz�^oVh‰|©›^Nl�‰

LNƒ&WQb“l�‰³‰³Vhn<`—\cacn&W �&Vhn<`—ªqac\c\�ƒ<V�±hWQLXl³‚&^Nl�±$ac`$W��+VhM¡bpl�‰‹‰³Vhn<`’\cacn&WOVB^Nz�J<‰‹W2n'L
�+V‹LXW“†$L ��\HWPLNƒ<VBLqª¡ac\c\

b“l�n'LNVhacn"Vhniacn•LXW2zhWp^KaH`&W�n•LNa��+W2^�©›lh^�W2VhbŠƒ³‚<^Nl$b“W�MNM
�'LNƒ&W¡n<Vh‰‹Wqlh©�LNƒ&W¡ƒ&l�MXL�‰³Vhboƒ<acn&Wµª¡ƒ$W2^NWqLNƒ$Wq‚<^Nl4bpW2MNM

acM{LXl [�W"Wp†4W�bpJ&LXW2`*�KVhn<` LNƒ&W ©›J<\c\�‚+VBLNƒ<n&V�‰;W lh©�LNƒ&W W“†$W2b2J&LNVB[+\HW2M‹LNƒ&W’J&MNWp^{ªKVhn•LNM‹LXl W“†$W2b2J$LXW—l�n

LNƒ<VBLQƒ&l�MXLpF³ˆµƒ&W³b“l�n'LX^Nl�\‡‚<^Nl4bpW2MoMOJ&MXW�M•LNƒ<acMP`&VhLNVsLXl—MX‚+V�ªqn LNƒ&W‹VB‚<‚<^Nlh‚<^oacVBLXW‹b“l�‰‹‚�l�n&W2n'LP‚<^Nl4bpW2MNM

l�n"LNƒ&W�‰³Vhboƒ<acn&W�acn&`<acb2VBLXW2`³['•³LNƒ&W�J&MXW2^2F_…�±hWp^N•³MX‚+V2ª¡n&W2`i‚<^Nl$b“W�MNMmª¡ƒ&acboƒ³Wp†4W�bpJ&LXW�M LNƒ&W•VB‚<‚<\cacb2VBLNaHl�n

MX‚�W�bpa��+W2` ['•OLNƒ&W J<MXW2^8acn'±hlh¯hW�M�V�n{acn<aHLNacVh\caHu2VBLNaHl�nP^ol�J$LNacn&Wmb2Vh\c\HW2`

3y/>�›
8� ���X3„/������+
1�>3��8������0���%<��=����

%<��=<�! 

F��¡W2^NW �"� � $��mMX‚�W2b2a��+W2M�LNƒ$Wmacn'LXWpz�Wp^‡ac`&W2n'LNa��<W2^1lh©<LNƒ&W�‚<^Nl4bpW2MoM
�/" 
!� � ��� ��)8MX‚�W2b2a��<W�M1LNƒ&Wmn4J<‰Q[�W2^

lh©1‚<^Nl$b“W�MNMXW2MKacn•±hl�\H±hW�`*�$Vhn<` �!� ' � Vhn<`�� ��':#µ‚<^Nl�±4ac`&W¡LXƒ&W�‚<^Nl4bpW2MoM�ªqaHLNƒiLNƒ&W¡n&W2LAª lh^N¯"Vh`&`&^NW�MNMm`&W2LNVhac\cM

lh©QLNƒ&W„bpl�n•LX^ol�\•‚&^ol4bpW2MNMpF*ˆµƒ<acMi^Nl�J&LNacn&W—[+acn<`<M;LNƒ&W°‚&^Nl$b“W�MNMiLXl V ‚�lh^NL
��Vhn&`)LNƒ&W2n ©�lh^N¯$M V boƒ<ac\c`



­

user

control process

P0

P1

Pn

Participating process

: Application communication messages

: Init messages from control process

: Messages from component processes to control

²�aHz�J&^NWQS(.�]_^olh‚�l�MXW�`sx—l$`$W�\�©�l�^q]_^Nl�¬XW�b“L¡rt‰;‚+\HW2‰‹W�n•LNVBLNaHl�n

‚<^Nl4bpW2MNM
��©�lh^Š‰‹acn&z�Vhn{J<n<`$W2^o\H•$acn$zqMNJ&[<\cV�•hW2^��Bª¡aHLNƒQª¡ƒ<aHbŠƒ aHL8W2MXLNVB[+\cacMNƒ&W2M8V 	�n&a †O[+VhMXW�` ‚+aH‚�W�acn'LXWp^N©›VhbpWhF

ˆµƒ<acM�\cV�•hWp^NW�`iVB^oboƒ<aHLXW2bpLNJ&^NWqMXW2‚+VB^oVBLXW�M�ac‰;‚+\HW2‰‹W�n•LNVBLNaHl�n;MX‚�W2b2a���b `&WpLNV�aH\cM�©�^ol�‰*LNƒ&WµVB‚<‚+\cacbpVhLNaHl�n{\cV�•hWp^	�

Vhn<` Vh\c\Hl�ªqM;W2VhMNW’acn ªµ^oaHLNacn&zyVh‚&‚+\cacb2VBLNaHl�n ‚<^Nlhzh^oVh‰³M{[+VhMXW�` l�n MNac‰;‚+\HW"‘�]_r bpV�\c\HM2F ˆqƒ$W MNJ&[+\cV�•hWp^

b“l�‰³‰ J<n<acb2VBLXW2MqªqaHLNƒ LNƒ&WQbpl�n•LX^Nl•\1‚<^Nl4bpW2MoMµacn LNƒ&WP©�l�\c\Hl�ªqacn&z‹MXW��4J$W�n<b“WhF

�

ˆµƒ&WQn&WpL ªmlh^N¯’V�`&`&^NW�MNMq`&W2LNVhac\cMKlh©‡LNƒ&WQbpl�n•LX^Nl�\>‚<^Nl4bpW2MoMqVB^NW lh[<LNVhacn$W�`s[4•sW2VhbŠƒ—‚<^Nl4bpW2MoMq`<J&^oacn&z

MXLNVB^NLNJ&‚—VhM¡VB^Nz�J<‰;W�n•LNMpF

�

ˆµƒ&W{MNJ&[+\cV�•hWp^•MXW�n&`<M¡LNƒ&W{\Hl4b2Vh\8n&WpL ªmlh^N¯—Vh`<`&^NW�MNM¡`&W2LNVhac\cM
��ªqƒ<acboƒ—acn<b2\cJ&`&WOLNƒ&W ‚<^Nl$b“W�MNM¡r§]?Vh`$¦

`$^NW�MNMqVhn<`s‚�lh^NLKn4J<‰Q[�W2^��&LXl³LNƒ$WObpl�n•LX^ol�\1‚<^Nl4bpW�MNMpF

�

ˆµƒ&W bpl�n•LX^Nl�\$‚<^Nl4bpW2MoM>bpl�\c\HW2bpLNM�LNƒ$WKn$W2L ªmlh^N¯ Vh`<`&^NW�MNM>`&W2LNVhac\cM>lh©+Vh\c\'LNƒ$W ‚<Vh^NLNacbpaH‚+VBLNacn&zq‚<^Nl$b“W�MNMXW�MpF



G2}

�

ˆµƒ&WOb“l�n'LX^Nl�\�‚&^ol4bpW2MNMqMXW2n<`<M LNƒ<acMqacn$©�l�^o‰‹VBLNaHl•n"Ltl³W�Vhboƒ—‚<^Nl$b“W�MNMpF

�

…_±hWp^N•y‚&^ol4bpW2MNMPMXLXlh^NW�M•LNƒ<acM•acn$©›lh^o‰‹VBLNaHl•nyacnyV MX‚�W2b2acVh\8`<VBLNV MXLX^ŠJ&bpLNJ&^NW ©�^Nl�‰ ªqƒ<acboƒyLNƒ&W;acn&©�lh^X¦

‰‹VBLNaHl�n—bpVhn—[�WP^NWpLX^oaHW2±hW�`sªqƒ&W�n$W2±hW2^µ^NW	�'J<aH^NW�`�F

�

-

n ^NW�b“W�aH±4acn&z LNƒ&W„bpl�\c\HW2bpLNaHl�n)lh©QVh`<`&^NW2MNMXW�M Vhn<`)V�MNMNac‰‹ac\cVBLNacn&zCaHL
�qWp±�Wp^N• ‚&^Nl$b“W�MNM MXW�n<`&MiLNƒ&W

b“l�n'LX^Nl�\1‚<^Nl$b“W�MNMµV�n’VhbN¯$n$l�ª¡\HW2`&zhW�‰;W�n•LpF

�

‘q©�LXW2^PVh\c\8MNJ&bŠƒ„Vhbo¯4n&l�ªq\HW�`$W2z�‰‹W2n'LNMPVB^NW ^NW�b“W�aH±hW2`*�1LNƒ&W{bpl�n•LX^Nl•\>‚<^Nl$b“W�MNM¡MNW2n<`<MqW�Vhboƒ°‚<^Nl4bpW2MoM�V

‰;W�MNMNVBzhW��‡ª¡ƒ&acbŠƒ acn<`<acbpVhLXW2MOLNƒ<VBL Vh\c\‡LNƒ&Wi‚<^Nl4bpW2MNMNW2M ƒ<V�±hWi[�W2W2nCacn<aHLNacVh\caHupW�`°V�n&`CVB^NWi^NW�Vh`&•„LXl

b“l�‰³‰ J<n<acbpVBLXWhF

‘*‚<^Nl$b“W�MNM�acn’LNƒ&W b“l�‰‹‚+J&LNVBLNaHl�n„b2Vhny[�WQLXWp^o‰³acn<VBLXW�`—['•—aHn'±hlh¯$acn$ziLNƒ&WQ^Nl�J&LNacn&W

3„/1�•#›�<0�!
�� 

�+ª¡ƒ<acboƒ

acn&©�lh^o‰³M�LNƒ&WKMNJ&[+\cV�•hWp^�lh©�aHLNM8LXWp^o‰³acn<VBLNaHl�n{Vhn<`;bp\Hl�MXW�M�LNƒ&W ‚+aH‚�Wmacn•LXW2^N©›VhbpW LXl•LNƒ&WKMNJ&[+\HV�•hW2^�LXlO`&acMNV�\c\ l�ª

©›J&^NLNƒ&Wp^sbpl�‰³‰ J<n&acb2VBLNaHl�n�ªqaHLNƒ LNƒ&W MoJ$[+\cV�•hW2^2F ‘¡©�LXWp^’LNƒ&W b“l�‰‹‚+J&LNVBLNaHl�n acM `&l�n$W��•`&W2‚�W2n<`<acn&zCl�n

LNƒ&W—‚<^NlhLXl4bpl�\cMiJ<MXW2` ['• LNƒ&WyVB‚<‚+\cacb2VBLNaHl�n � LNƒ&WyJ<MXW2^"bpVhn ±4aHW2ª ��²‡U ‰;l•J&n'LXW2` ��\HW2M‹LNƒ<VBL b“l�n'LNVhacn

‚<^NlhLXl4bpl�\¡MX‚�W2b2a���b W“†$W2b2J&LNaHl�n `&W2LXV�ac\cM
�mª¡ƒ<acboƒ ª¡ac\c\m[�W’`<acMNb2J&MNMXW�` acn LNƒ$W—©�l�\c\Hl�ªqacn&z MNW2bpLNaHl�n<MpF ˆµƒ&W

J<MXWp^;bpVhn Vh\cMNly±4aHW2ª V
��\HW"b“l�n'LNVhacn<acn$zyLNƒ$W `<J<‰‹‚ lh©qLNƒ&W"±hW2bpLXlh^‹b2\Hl4bo¯ V�n&` LNƒ&W ��V�‰;‚�lh^oL \Hlhz�acbpV�\

LNac‰;W�MXLNVh‰‹‚°acn&©�lh^o‰³VBLNaHl�n � GhG � FOˆqƒ&W2MXW �+\HW�M•bpVhn°[�W;J&MXW�`„©�lh^•LX^oVhb“W‹±4acMoJ&Vh\caHu�VBLNaHl�n’l�©�LNƒ$W;W“†$W2b2J&LNaHl�n

lh©‡V‹`<acMXLX^oaH[+J&LXW2`"bpl�‰;‚+J&LNVBLNaHl�n�F

�8�65 � <%	>	 9��C< � 9 	>	 
 ���

GBF�� ��� �#� ����� ��)��
��$ � �&$��!"

Iml�‰³‰ J<n<acbpVhLNaHl�n’acnsV³`&acMXLX^oaH[+J&LXW�` VB‚&‚+\cacb2VBLNaHl�nsacM ‚<^Nl�±4ac`&W�`s['• ‰‹W�MNMNVBzhWQ‚+VhMNMNacn&z$F�ˆµƒ&WO[+VhMNacbP‰;W�Mt¦

MNVBzhWP‚+VhMNMNacn&zQ‚<^oac‰³aHLNaH±hW2M�VB^NW�. ) � " � �(� � "
� 
 )#�<ªqƒ&W2^NW�[<\Hl$bN¯4acn&z;MXW2n<`"Vhn<`"[+\ l$bN¯$acn$z ^NW2bpW2aH±hWOVB^oW•J<MXW�`

©�lh^QLNƒ&Wib“l�‰³‰ J<n<acbpVhLNa l•n �8V�n&` � ) � " � �(� � " �>
 )��_ªqƒ&W2^NW³V—n$l�n$¦A[<\Hl$bN¯$aHn&z’MXW�n<` Vhn<`°[+\Hl$bN¯4acn&zs^NW�b“W�aH±hW

VB^NWQJ<MXW�`�Fm‘7[+\Hl4bo¯4acn&z‹b2Vh\c\�^NW	�'J<aH^NW�M LNƒ&WQb2Vh\c\cacn$z;‚<^Nl4bpW2MNMµLXliª VhaHLµJ<n•LNac\�W2aHLNƒ&Wp^¡LNƒ&WOb“l�‰³‰ J<n<acb2VBLNaHl�n



GhG

acMPb“l�‰‹‚+\HWpLXW�` lh^OV ©›Vhac\cJ&^NW{acM•^NW2‚�lh^NLXW�`�F;‘ n&l�n$¦ [+\Hl4bo¯4acn&z bpVh\c\‡Vh\c\Hl�ªqM•LNƒ&W³VB‚<‚<\cacb2VBLNaHl�n„LXls‚<^Nl4bpWpW�`

ªqƒ<ac\HWmLNƒ&WqJ<n<`&Wp^Š\ •$acn&z¡bpl�‰³‰ J<n<aHb2VBLNaHl�n‹MNJ&[$¦ \cV�•hWp^_LNVB¯hW�M�b2VB^NWµlh©�LXƒ&Wqb“l�‰³‰ J<n<acbpVhLNa l•n�F‡ˆµƒ&Wµ‰‹W2MoMNVBzhW

‚+VhMNMNacn&z‹^Nl•J$LNacn&W�Mµb2Vhn—[�W �(�$���#� ��$ " $*)��&$ �
��ªqƒ&Wp^oWOLNƒ$W{MXW2n<`&Wp^�Vhn<`sLNƒ&WQ^NW�b“W�aH±hWp^�¯$n$l�ª•LNƒ&WQ‚<^Nl$b“W�MNMXW2M

ªqaHLNƒ°ªqƒ<acboƒ„LNƒ&Wp•„ªqac\c\8b“l�‰³‰ J<n<acbpVhLXW �>lh^ "
�!"
� ��� �#����$ " $*)$��$ �
�8ªqƒ&W2^NW{LNƒ&W³MXW2n<`&Wp^Ob2Vhn MXW2n<`°LXl’Vhn'••¦

l�n&W ªqaHLNƒ<acn Vyz�^Nl�J&‚ lh©q‚<^Nl$b“W�MNMXW�M
��Vhn<` LNƒ&W ^NW�b“W�aH±hWp^ib2Vhn ^NW�b“W�aH±hWs©�^Nl�‰ Vhn'•hl�n&WsªqaHLNƒ<acnCV„zh^Nl�J&‚

lh©qMNW2n<`&Wp^oMpFyˆqƒ&Win&l�n<`&WpLXW2^o‰³acn&acMN‰|‰³VB¯hW2M;LNƒ&Wibpl�‰³‰ J<n<acbpVBLNaHl�n bpl�‰‹‚<\cacb2VBLXW�` ��VhMQLNƒ&W Vh‰‹l�J&n'L lh©

l�±hWp^oƒ&W�Vh`yVhn<`sLNƒ&WOboƒ<Vhn<bpW2M¡lh©8Wp^N^Nlh^¡VB^NWQacn<bp^NW2VhMXW�`�F_]_^Nlh[+\HW�‰‹Mµ\caH¯hWP^oVhb“W b“l�n<`<aHLNaHl�n<MKVhn<`’`&W�Vh`&\Hl$bN¯

bpVhnyVh\cMXl‹l4b2bpJ&^2F

ˆµƒ&W³‰;W�MNMNVBzhW³‚+VhMNMNacn&z ‚<^oac‰‹aHLNaH±hW�M�ªmW‹ac‰‹‚+\HW2‰‹W2n'LXW2` acn<bp\cJ<`&W�. � �$���#� ��$&"%$ )$�&$ � ��� " � � ���!"
� 
 ) � �#"
�!�

� � ���#$ # �#� � ��� �#� � $ " $*)$�&$ �

A

) � " � �(� � " �>
 ) � �#" � ��� �?���#$ #��#��� � " �(�$���#� ��$&"%$*)��&$ � � � " � � ���!"
� 
 )�� � ���#$ # �#�

Vhn<`����!"
� ��� �#� � $ " $*)$��$ �

A

) � " � � ���!"
� 
 )�� � ���#$ # �“F ˆqƒ&WQVhMX•$n&bŠƒ$^Nl•n$l�J<Mq^NW�b“W�aH±hW2M¡VB^NWQ[+\Hl4bo¯4acn&z‹acnsl�J$^

ac‰;‚+\HW�‰;W�n•LNVBLNaHl•n�F�	¡MNW‹lh©qn&l�n&`&W2LXWp^o‰³acn<acMXLNacb{MXW�n<` acM J&n4J<MNJ<Vh\��>Vhn&`Cƒ&W�n<b“WiacMQn&lhLO[�W�aHn&zs‚<^Nl�±$aH`&W�`

VhMPV ‚+VB^NL�lh©�LNƒ&W;‚<^Nl�¬XW�b“LpF ˆµƒ&W;J<MXW2^oM•ƒ<V2±hW‹[�W2W2n„‚<^Nl�±$ac`&W2`„ªqaHLNƒ„V MXWpLPlh©�^ol�J$LNacn&W�M�ªqƒ<acboƒyb2Vhn [�W

J<MXW2` LXl„‚�Wp^N©›lh^o‰|LNƒ&W"`&W2MNaH^oW2` b“l•‰‹‰ J<n<acb2VBLNaHl�n�F � W VB^NW Vh\cMXl—‚<^Nl�±4ac`<acn&zsLNƒ&W"J&MXW2^oMQVhnCl�‚&LNaHl�n LXl

J<MXWq^NW�\cacVB[+\HWKlh^ J<n&^NW�\cacVB[+\ Wµ‰;W�MNMNVBzhW�‚+VhMNMNacn&z$F�²<J&^NLNƒ&Wp^o‰‹lh^NW��$J<MXWp^oM�ƒ<V�±hW•VhbpbpW�MNMmLXl �>Vh‰;‚�lh^NL�\Hlhz�acbpV�\

LNac‰;WOVhn<`s±�W2bpLXlh^�LNaH‰‹W � GhG�� Fmˆµƒ<acMmª¡ac\c\�W2n<VB[+\HW•LNƒ&W2‰¨LXl³b“lh^o^NW2\cVBLXWQLXl³LNƒ&WObp\cVhMoMX^Nl'l�‰«Wp†$Vh‰‹‚+\HW2MqVhn<`

zhW2n&W2^oVBLXWQWp†4W�bpJ&LNaHl�n’LX^ŠVhb“W�Mµª¡ƒ&W2n ^NW	�'J<aH^NW�`�F

S'F���� � ����� �#"%�&$ "/' ��� �	� ��)?)	��'/� � ��)?)#$ "/' � �#$ ��$6��$ # �?)

�°Wiƒ<V�±hWi‚&^Nl�±$ac`$W�`°Vhn Vh[<MXLX^ŠVhb“LNaHl�n \cV�•hWp^ l�n„LXl�‚ l�©mLNƒ$W‹lh^oaHz�acn<Vh\ 	�n&a †°b“l�‰³‰ J<n<acbpVhLXaHl•n„^Nl�J&LNacn&W�M

J<MNacn$z 	¡Œ•]�
�rt] ª¡aHLNƒ‹LNƒ&W�~mW2^N¯4\HW2•‹MXl$bN¯hW2LKn&WpL ªmlh^N¯iacn•LXW2^N©›VhbpWBF�ˆµƒ<acM�acn•±�l�\H±hW2`³ªq^oaHLNacn$zQn&W2ª ^Nl�J&LNacn&W�M

LXl’bpVh^N^N•—l�J&LPLNƒ&W{©›J<n<b“LNaHl•n&Vh\caHLNaHW�M¡lh©�LNƒ&W;‰‹W2MNMNVBz�W;‚+VhMNMNacn&z"^Nl�J&LNacn&W2M�ªmW³VB^NW;ac‰‹‚+\HW2‰‹W2n'LNacn&z$FO~ lhLNƒ

^NW2\cacVB[+\HW V�n&`„J<n$^NW�\cacVB[+\HWO^Nl�J&LNacn&W2M�VB^NW ‚<^Nl�±$ac`$W�`�F �qW2\cacVB[+ac\caHL •"acnyLNƒ&W;‰‹W2MNMNVhzhW{‚+VhMNMNacn&z"acMq‚<^Nl�±$aH`&W�`

J<MNacn$z VhbN¯4n&l�ªq\HW�`&z�‰;W�n•LNM��$LNac‰;W2l�J&LNM
�$Vhn<`³^NWpLX^oVhn<MN‰³acMNMNaHl�n�F_U4‚�W�bpacVh\&‚<^oac‰‹aHLNaH±hW�M_ƒ<V�±hW¡[�WpW�n‹‚<^Nl�±$aH`&W�`



G�S

LXlPVh\c\Hl�ª LNƒ&WµJ&MXW2^8LXl•bŠƒ&V�n$zhWKLNƒ$W ^NW2\cacVB[+ac\caHL •¡lh©+V�boƒ<Vhn<n&W2\ F�²&l�\c\Hl�ª¡aHn&z�acM�LNƒ&W `&W�MNb“^oaH‚<LNaHl�nOl�©�V2±BVhac\cVB[+\HW

‰;W�MNMNVBzhW ‚<V�MNMNacn$z;^Nl�J&LNacn&W2MpF

a F

0p/�
>�4.1!4
>� �t��!4��!4� �+!4� �›� �m�>%&��%&�Š/ �_!��������8
��	�m3C!4020�%<=+!" 

‚�W2^N©�lh^o‰³MµLXƒ&W MN•4n<boƒ&^Nl�n&l�J<MqMXW�n<`

LX^oVhn<MX©�Wp^³lh©�LNƒ&W’‰;W�MNMNVBzhWhF)‘ bplh^N^NW�MX‚�l�n<`<acn$z

0p/>
��•�i!4�����X0�!4
>�>!4� �����;�>%&��%&�Š/ �_! � �•���>
��	�

3C!'0�02%<=+!  

^Nl�J&LNacn&W �>ª¡ƒ<acboƒ ‚�Wp^N©›lh^o‰‹MOLNƒ$W"MX•$n&bŠƒ$^ol�n$l•J&MQ^NW2bpW2aH±hW��_acMQV�\cMXl’‚<^Nl�±4ac`&W2`�F
�qW2^NW��

� �?���#$ #��#� $ �PMX‚�W2b2a��<W�M LNƒ&WQac`&W�n•LNa��+Wp^µlh©�LNƒ$WP^NW�b“W�aH±4acn&z‹‚<^Nl4bpW2MNMpFm²&lh^¡n&l�n<`&WpLXW2^o‰³acn&acMNLNaHb¡^NW�b“W�aH±hW��

)	�#" �(��� $��’acn LNƒ$W’^NW2bpW2aH±hW—^Nl�J&LNacn$WsacM‹MXWpL³LXl n&Wpz�VBLNaH±hWyl�n&W � ¦oG �oF�I J&^N^NW�n•LN\H•��_LNƒ&W’`<VBLNV LA•4‚�W2M

MNJ$‚<‚�l�^NLXW2`‹VB^NWqacn'LXWpzhW2^��4boƒ<VB^oVhbpLXWp^	���<l•VBL�Vhn<`‹`&l�J&[+\HWBF

-

n³MNJ<b2b“W�MNMX©›J<\$bpl�‰‹‚+\HWpLNaHl�n*�•LNƒ&Wµ^NW�b“W�aH±hW

^Nl�J&LNacn$WKªqac\c\•^oWpLNJ&^on;LXƒ&Wqac`$W�n•LNa��+W2^8l�©�LNƒ$Wµ‚<^Nl4bpW2MNM�ª¡aHLNƒ{ª¡ƒ&acbŠƒ LNƒ&Wµbpl�‰‹‰{J<n&acb2VBLNaHl�n;LXl'lh¯;‚<\cVhbpW

±4acV )	��"
�(��� $ �!�+Vhn<`sLNƒ&WQ`<VBLNV‹^NW2bpW�a ±�W2`s±$acV{LNƒ&WO[+J�,�Wp^µ‚�l�acn•LXW�`s[4•"‰‹W�MNMNVBzhWhF

aca F

%&02/�
>�4.1!4
>� �X0�!4
>�>!4� ����� �8%&��%&�Š/��‡! �°�����8
��	�C3C!'0�0�%&=+!� 

‚�W2^N©�lh^o‰³M’LNƒ&W VhMX•$n&bŠƒ$^ol�n&l�J&M

MXW2n<`•lh©³LNƒ&W ‰;W�MNMNVBzhWhF ˆµƒ<acM—acMyV n&l�n$¦ [+\Hl4bo¯4acn&z ^Nl•J$LNacn&WhF ‘ bplh^N^NW2MN‚�l�n<`&acn&z

%&02/�
>���"!��

��!4� �+!
�X02!$
��8!'� ��� �’�8%$��%&�Š/ �_! �"�����8
��	�’3C!40�02%<=+!" 

^Nl�J&LNacn&W„acM"‚<^Nl�±4ac`&W2`�F*rtn)l•J$^’ac‰‹‚+\HW“¦

‰;W�n•LNVBLNaHl�n*�$LNƒ&WPVhMX•$n&bŠƒ$^ol�n$l•J&Mm^NW2bpW2aH±hW•^Nl�J&LNacn&W�aHMm[<\Hl$bN¯$aHn&z$F_ˆµƒ&W�‚+VB^oVh‰;W2LXW2^oM ƒ<V�±hW�LNƒ&WPMNVh‰‹W

©›J<n&bpLNaHl�n<MKVhM¡`&W2MNbp^oaH[�W�` VB[�l�±hWBF

acaca FK‘Y^ol�J$LNacn&W š��

%+
�=+!4�"!4#›�›%����›# � �Š/��t�

�

%<
8
>!4#��2�����&%<# ��!� 

acM ‚&^ol�±$ac`&W2` LNƒ<VBL’bpVhn?[�W°J<MXW�` LXl

boƒ<Vhn$z�WµLNƒ&WK^NW�\cacVB[+ac\caHLA•Plh©�VPboƒ<Vhn<n&W2\ F_ˆµƒ&WKJ<MXW2^_bpVhn³MX‚�W�bpaH©�•OLNƒ&Wqboƒ<Vhn<n$W�\&Vhn&`‹V•±BVh\cJ&W [�W2LAª WpW�n

}{Vhn<`„G2}h}{©�lh^KLNƒ&W�‚<^Nlh[+VB[<ac\caHL •{l�©�LNƒ&W�`&W�\caH±hWp^o•;lh©8V ‰‹W2MNMNVBz�WOVh\Hl�n&z LNƒ<VBLKboƒ<Vhn<n&W2\��$ª¡ƒ&Wp^NW{G2}h}

acM¡LNƒ&W‹‰‹V�†&ac‰ J<‰Ž‚<^Nlh[+VB[+ac\caHLA• lh©mLXƒ&W‹‰;W�MNMNVBzhW;[�W2acn&z MXW�n•LpF ˆµƒ&W{`&W2©›VhJ<\HLq±BVh\cJ&W{acM{G2}�}4F ˆqƒ<acM

©›J<n&bpLNaHl�n<Vh\caHLA• acMQ^NW	�'J<aH^NW�`*�‡VhM LNƒ&W MXLNJ<`&W2n'L{VB‚<‚+\cacbpVBLNaHl�n<M{VB^NW"lh©�LXW2n `$W�MNaHz�n&W�`C©�lh^;J<n&^NW�\HacVh[<\HW

boƒ<Vhn&n&W�\cM
�&[+J&LµVB^NWOz�W2n&Wp^ŠVh\c\H•³Wp†4W�bpJ&LXW�`—l�n—n$W2L ªmlh^N¯4Mqªqƒ<acboƒ’ƒ&V�±hW ƒ<aHz�ƒ ^NW�\cacVB[+ac\caHLA•hF

aH±�Fqˆµƒ&WO‰;W�MNMNVBzhWQ‚<VhMoMNacn$z{^Nl�J&LNacn$W�MKac‰‹‚+\HW2‰‹W2n'LXW2`’‰‹Vhacn'LNVhacn ±hW�b“LXlh^�Vhn<` ��Vh‰‹‚�lh^NLq\Hlhz�acb2Vh\�LNac‰;W�Mt¦

LNVh‰;‚ acn&©�lh^o‰³VBLNaHl�n�F’ˆµƒ<acMP±hW�b“LXlh^‹Vhn<` ��Vh‰‹‚�lh^NLQ\Hlhz�acb2Vh\�LNac‰‹W2MXLNVh‰‹‚ acn&©�lh^o‰³VBLNaHl�n acMQ\cac‰‹aHLXW�`



G�Z

bpJ&^N^NW�n•LN\H•OLXlPLX^oVhbN¯{l�n<\H•OLNƒ$WµMXW2n<`<acn&z�V�n&`{^NW2bpW�aH‚&L�lh©�‰‹W2MNMNVhzhW2MpF_ˆµƒ<acM>acn&©�l�^o‰‹VBLNaHl�n;acM�V2±BVhac\cVB[+\HW

LXlQLNƒ&W¡J<MXW2^�VBL�LNƒ$WqW�n&`³lh©�bpl�‰‹‚<J&LNVBLNaHl�niacn³VO‚<^NW2`&W
��n$W�` ��\HWhF‡ˆµƒ&W¡J<MXWp^�acM_Vh\cMXlO‚<^Nl�±4ac`&W�`;ª¡aHLNƒ

Vy^Nl�J&LNacn&W��

!•�

š

������!$
����{�›3C!<.���%+3��>0 �  

��LXl°zhWpL;LNƒ&W"b2J&^N^NW2n'L{acn&©�lh^o‰³VBLNaHl�n�F„ˆµƒ<acMO^Nl•J$LNacn&W

LNVB¯hW2MOV�M•V�n„VB^Nz�J<‰‹W2n'LPV boƒ<VB^oVhbpLXWp^O‚�l•aHn'LXWp^•acnyªqƒ<acboƒ—LNƒ&W;LNac‰;W�MXLNVh‰‹‚<M•VB^oW ^NWpLNJ&^on&W�`yLXl LNƒ&W

VB‚&‚+\cacb2VBLNaHl�ns\cV�•hWp^�F

Z'F���"%� �#� �
���&$��!"�� $6�"� � 
 �#� � �(���

ˆµƒ&W¡J&MNWp^�b2Vhn³J<MXWµLNƒ$W¡VB[�l�±hW�^Nl�J&LNacn&W2M�LXl bpl�‰‹‰{J<n&acb2VBLXWµª¡aHLNƒ‹LNƒ$Wq^NW�‰‹Vhacn<acn&z•‚&^ol4bpW2MNMXW�M_‚+VB^NLNacbpaH‚+VBLt¦

acn&ziacn—LNƒ$W;b“l�‰‹‚+J&LNVBLNaHl�n�F � ƒ&W�nyLNƒ&W J<MXW2^�b2Vh\c\cM¡LNƒ$W;MXW2n<`y^Nl�J&LNacn$W�M
��LXƒ&W;`&VhLXV"acM �+^oMXL¡‚<Vhbo¯hW2` acn•LXl

Viboƒ<VB^oVhb“LXW2^OVB^N^oV�•hFµr§n—LNƒ$W{bpVhMXW{lh©�V�MX•4n<boƒ&^Nl�n&l�J<M�MXW2n<`*�<LNƒ&WQ^NW�\cacVB[+ac\caHLA•³lh©‡LNƒ&W boƒ<Vhn<n$W�\�acM¡boƒ&W�bN¯hW2`

�+^oMXLpF�r§©�LNƒ&W�^NW2\cacVB[+ac\caHL • acM�\HW2MNMmLNƒ&VhnyG2}�}/�$LNƒ&W¡‚<^Nlh[+VB[+ac\caHL •Qlh©�MXW�n<`&acn&zOLNƒ&W�‰;W�MNMNVBzhWPacM�b2Vh\cbpJ<\cVBLXW�`i['•

MX‚�W�bpacVh\+©›J<n<bpLNaHl�n&M�.�š��

!'��,1�i!$#›��% ���›#›���Š/��X�

�

%+
8
�!$#›�›�  

Vhn<`��

� �

š

���›
 �t��!$#›��% ���›#›���Š/
�&%+#›��!� 

�$`$W2‚�W�n&`$¦

acn&zOJ$‚�l•n ª¡ƒ&acboƒ;LNƒ&Wq‰‹W2MoMNVBzhWqacM�W�aHLNƒ$W2^�`&^Nlh‚<‚�W2`*��a F WBF‡bpl�n'LX^Nl�\+acM8^oWpLNJ&^on&W2`;[+VhbN¯{LXlOLNƒ&WqVB‚<‚<\cacb2VBLNaHl�n*�

lh^K© J$^NLNƒ&W2^KVhbpLNaHl�n’acMmLNVB¯hW�n�F�x„J&\HLNaHLNƒ&^NW�Vh`<acn$z{ƒ&V�M [�W2W2n J<MXW�`"LXl;‚<^Nl�±4ac`&W�LNƒ&WPV�MX•4n<boƒ&^Nl�n&l�J<M n<VBLNJ&^NW

lh©_LNƒ&W{bpl�‰‹‰{J&n<acb2VBLNaHl�n�FPIml�n'LX^Nl�\�acM¡^NWpLNJ&^on&W2`—[<V�bN¯—LXl"LNƒ&W{VB‚<‚+\cacbpVBLNaHl�n*��ªqƒ<ac\HWOLNƒ&W LNƒ&^NW�Vh`yb2VB^N^oaHW2M

l�J&L8LNƒ&WK^NW2‰³Vhacn<acn$z¡©›J<n<b“LNaHl�n<MpF>rtn{LNƒ$W b2VhMXWµlh©�MX•4n<boƒ&^Nl�n&l�J<M�MXW2n<`*�h‰{J<\HLNa LNƒ&^NW�Vh`<acn&zqacM�n&lhL�J<MXW�`�F8ˆµƒ&W

‚+VhbN¯hW�`—‰‹W2MNMNVBz�W acMKbpl�n•±hW2•hW�`—LXl;LNƒ&WPLNƒ&WQMNJ&[+\cV�•hWp^qVh\Hl�n&z;ª¡aHLNƒ LNƒ$WOVhbpLNaHl�nsLXl³[�W•LNVB¯hW�n’l�n’aHLpF�ˆµƒ&W

MNJ&[+\HV�•hW2^qVhLXLXV�boƒ&W2M�LNƒ&WQn&W2bpW2MNMoVB^N•sƒ$W�Vh`&W2^oMqn&W2W2`&W2`’©�lh^µ^oW2\cacVB[+\HWPb“l�‰³‰ J<n<acbpVhLNaHl�n ��MNJ<boƒ’VhMqLNƒ&WOLA•4‚�W

lh©K‰‹W2MNMoVBzhW ��LNƒ$W³MXW��4J&W2n<bpW³n4J<‰Q[�W2^OVhn&` \HW�n&zhLNƒ„lh©µ`&VhLNV4Fiˆµƒ&W³n&Wpª ��Vh‰‹‚�lh^NLO\Hlhz�acb2Vh\�LNac‰;W�MXLNVh‰‹‚

Vhn<`’LNƒ&WQ±hW�b“LXlh^PLNac‰‹W2MNLNVh‰;‚+M¡VB^NW b2Vh\cbpJ<\cVBLXW�` ��Vhn<`—VBLXLNVhbŠƒ$W�` VhM¡Viƒ&W�Vh`$W2^2Fµ‘�bN¯4n&l�ªq\HW�`&zhW2‰‹W�n•LPVhn<`

LNac‰;W2l�J&LNMqVh^NWQJ<MXW2`s©›lh^q^NW�\cacVB[+\HWP‰;W�MNMNVBzhWQ‚+VhMNMoaHn&z$FKU$J&b2bpW2MNMµlh^q© Vhac\cJ$^oW•acMµ^NW2LNJ$^on&W�`sLXl³LNƒ$WO© J&n<bpLNaHl�n

acn LNƒ&WQVB‚<‚<\cacb2VBLNaHl�ns\cV�•hW2^qlh^qLNƒ&WPLNƒ$^NW�Vh`*�<ª¡ƒ<acboƒsacMKƒ<Vhn<`<\cacn$z{LNƒ$W MXW2n<`�F

� ƒ&W�n VB‚<‚<\cacb2VBLNaHl�n"`<VBLNV{acMm^oW2bpW2aH±hW�`"['•iLNƒ&W•MNJ$[+\cV�•hW2^ lh©�V{‚<^Nl4bpW2MNM
�<aHL acMmMXLXlh^NW�` acn V MX‚�W�bpacVh\ �4J&W2J&W

MXLX^oJ<b“LNJ&^NWm[4•QLNƒ&WKMNJ&[+\cV�•hWp^2F ��ƒ&W2n{LNƒ&WKVB‚<‚+\Hacb2VBLNaHl�nQ^oW��4J$W�MXLNM‡`<VBLNV/�•LNƒ$WK`$W2LNVhac\cM�VB^NWKboƒ&W�bN¯hW�`³VBz•Vhacn&MNL



GpE

LNƒ&W³‰‹W2MoMNVBzhW2M Vh\H^NW2Vh`&•°acn„LNƒ&W �'J&W�J$WhF³r§©�LNƒ&W³`<VBLNV’acMOV�±BVhac\cVB[+\HW���LXƒ&Wiƒ&W2Vh`&W2^QacMPMXLX^oaH‚<‚�W2`„l , �8n&W2b“¦

W2MNMoVB^N• J&‚�`<VBLXW2M‹VB^NW—‰³Vh`&W �µVhn<` LNƒ&W—VhbpLNJ<Vh\¡`&VBLNV acM³`&W2\caH±hW2^NW2` LXl LNƒ&W—VB‚<‚+\cacb2VBLNaHl�n�F

-

LNƒ&W2^NªqacMXW��

LNƒ&W‹VB‚<‚+\cacbpVBLNaHl�n acM•‰³Vh`&W;LXl’ª V�a LOJ<n'LNac\8MNJ<boƒ Vs`<VBLNVsacM•^NW�b“W�aH±hW�`�F³~ Wp©�l�^NW³`&W�\caH±hWp^oacn&z `<VBLNV LXl’LNƒ&W

VB‚<‚+\Hacb2VBLNaHl�n*�&LNƒ&W `<VBLNViacMµbpl�n•±�Wp^NLXW�`yLXliLNƒ&WQ`<VBLNV³LA•4‚�W n&WpW�`&W2`—['• LNƒ&WQVB‚<‚+\Hacb2VBLNaHl�n�F ˆµac‰‹Wpl�J&LNM¡VB^NW

J<MXW2`sLXl³‚<^NW2±hW2n'Lµ‚�W2^o‰³Vhn&W2n'LK[+\Hl4bN¯$acn&z��&Vhn<`’VhnsW2^N^Nlh^¡acMK^NW2LNJ&^on$W�` LXl³LNƒ$WOVh‚&‚+\cacb2VBLNaHl�n�F

�8��� ��9 	 
 ���
		� ��� �!� � 	

ˆqƒ$W ©�l•\c\Hl�ª¡acn&zyMXW�b“LNaHl�n<M³`$W�MNbp^oaH[�W³LNƒ&Ws[+VhMNacbi‚<^NlhLXl$b“l�\cM‹LNƒ<VBL;VB^NW’LNVhJ$z•ƒ•L³acn LNƒ$W—bp\cVhMNM
�mVhn<` l�J&^‹ac‰‹‚+\HW“¦

‰‹W2n'LNVBLNaHl�nyLNƒ<VBL�ªqac\c\1Vhac`yacn’LNƒ&W;MXLNJ&`&W�n•LNM�J<n<`$W2^oMXLNVhn<`<acn&z{lh©_LNƒ&W MNJ&[4¬XW�bpL“F•ˆµƒ&WQlh[$¬XW2bpLNaH±hW lh©‡LNƒ&W{`&W�MNaHz�n

‚�l�\cacbp•yªmW"©�l�\c\Hl�ªmW�` ª VhM LXly‚<^Nl�±$ac`&WiV—[+VhMXWil�nCªqƒ<acboƒCVh`<`<aHLNaHl�n<MOb“l�J<\c` [�Wi`&l�n$WiW�VhMNac\H•„LXl„W“†$LXW2n<`CLNƒ&W

©›J<n<b“LNaHl�n<Vh\caHL •{lh©�LNƒ&W¡LXl4l�\ F‡ˆqƒ$W•ac‰‹‚+\ W�‰‹W2n'LNVBLNaHl�niMNJ$[+MXW�b“LNaHl•n‹©�l�^ W2V�boƒ ‚<^NlhLXl4bpl�\�acMmaHLXW�‰‹aHu2W2`"Vhb2b“lh^Š`&acn&zQLXl

LNƒ&WQMXW��4J&W2n<bpWP©�l�\c\Hl�ªmW2`—aHnsLNƒ$WO‚<^NlhLXl$b“l•\�W“†$W2b2J&LNaHl�n*�<©�^Nl�‰¨LXƒ&WO‚�W2^oMX‚�W�b“LNaH±�W�lh©�LNƒ&WOJ<MXWp^2F

D��c-�� 


�

#�� �>%+#¡.1
>%��>0

�

�<�

GBF�� ��� �#� ����� ��)��
��$ � �&$��!"

‘ z�\Hlh[+Vh\_MNn<VB‚<Moƒ$l�LPacMPV—MXLNVBLXWilh© LNƒ&W³`<acMXLX^oaH[+J&LXW2`„MX•4MXLXW�‰YLNƒ&VhLQb“l�J<\c` ƒ<V2±�W³l$bpb2J&^N^NW2`�F³]_^Nl�[<\HW�‰³M

\caH¯hWOMXLNVB[+\HWP‚<^Nlh‚�Wp^oLA•"`&WpLXW�b“LNaHl�nyacns`<acMXLX^oaH[<J&LXW�`"MX•4MXLXW�‰‹Mqb2Vhn’[�WPMXl�\H±hW�`s['• J<MNacn&z{LNƒ&W�MXWOMNn<VB‚+MNƒ$l�LNMpF

…‡†$Vh‰‹‚+\HW2MPl�©µMXLNVB[+\HW³‚&^Nl�‚�Wp^NLNaHW�MPVB^NW �tLNƒ&Wibpl�‰‹‚+J$LNVBLNaHl�nCƒ<VhMOLXW2^o‰³acn<VBLXW2` �/� �tLNƒ&WiMX•4MXLXW�‰ acMO`&W2Vh`$¦

\Hl4bN¯�W2` �/�<Vhn<` �XVh\c\+LXlh¯hW�n<MKacn³LNƒ&W¡^Šacn$z{VB^NW�\Hl•MXL �4Fm€•\Hlh[+Vh\�MXLNVBLXW•LNƒ4J&M lh[<LNVhacn&W2`"bpV�n Vh\cMXl [�W�J<MXW2`i©�lh^

boƒ&W2bo¯'‚�l�acn'LNacn$z&FQˆqƒ'J<M
�1J<n&`&W2^oMXLNVhn<`<acn$z³z�\Hlh[+Vh\�MXLNVBLXW�MOVhn<`yLNƒ&W{‚<^NlhLXl$b“l�\cMP`&W2±4acMXW�`—©�lh^PLNƒ&W�aH^P`$W2LXW2b“¦

LNaHl�nyVB^oWQ©›J<n&`<Vh‰‹W�n•LNVh\�LXli^oW2VhMXl�n<acn&z"VB[�l�J&L�`&acMXLX^oaH[+J&LXW�`sMX•4MXLXW�‰‹M2F¡‘¡M�‰‹W2n'LNaHl�n&W2`yaHn—LNƒ&WQ‚<^NWp±$aHl�J<M

MXW2bpLNaHl�n<M
�$LNƒ&W�LNVhMX¯ilh©1LNVB¯$acn$z{LNƒ$W•MNn<VB‚+MNƒ&lhL acMmbpl�‰‹‚<\cacb2VBLXW2`i[4•‹LNƒ&WPn<VBLNJ&^NW¡lh©>`<acMXLX^oaH[+J&LXW2`³MX•4MXLXW�‰³MpF

I ƒ<Vhn<`&•"Vhn<` ��Vh‰‹‚�lh^NLq`&Wp±$aHMNW2`sV³MNac‰‹‚<\HW•‰‹W2Vhn<Mµ©�lh^µLNVh¯4acn&z³V³`<acMXLX^oaH[+J&LXW2`"MNn<VB‚+MNƒ&lhL � G	� F



G k

Channel

Process

C

Pi  Pj

i

Cj

²8aHz•J$^NWQZ(.m‘®U$acn&z�\HWPˆ�lh¯�W2n„I l�n<MXWp^o±�VhLNaHl�n—U4•4MXLXW�‰

S'F

A��

�#$ �"��� �?) �#�#$ �;�&$ �!" � � � ���!"
� ����� � � � �!�$� � )

A

��� ���	�
� �

ˆµƒ&W‹MX•4MXLXW�‰ bpl�n<MNacMXLNM•lh©�‚<^Nl4bpW2MNMNW2M � � ����������� � ��b“l•n&n&W�b“LXW�` ['•ybŠƒ&Vhn<n&W�\cM � � ���������$��� F{…�Vhboƒ°‚<^Nl4bpW2MNM

^NW2bplh^o`<M l•n&\H• aHLNM l�ª¡n MXLNVBLXW �mVhn<` LNƒ&W MXLNVBLXW lh©¡LNƒ$W acn<bpac`&W�n•L bpl�‰³‰ J<n<acbpVBLNaHl�n bŠƒ&Vhn<n&W�\cM
�‡LXly©›lh^o‰

LNƒ&W '�� � ���!� )�� �>���ŠF ˆqƒ&W’boƒ<Vhn<n&W2\cM³VB^NW’VhMNMNJ<‰‹W2` LXl [�W’J&n<ac`<aH^NW�b“LNaHl�n<Vh\��‡^oW2\cacVB[+\HW �mVhn<` ²8rt²

-

Fmˆµƒ&W

z�\Hlh[+Vh\µMNLNVBLXWy`&WpLXW�b“LNaHl�n Vh\Hzhlh^oaHLNƒ<‰ acM;LXlC[�WsW“†$W2b2J&LXW2` b“l•n&b2J&^N^NW2n'LN\H• ªqaHLNƒ LNƒ$WyJ&MXW2^iVB‚<‚<\cacb2VBLNaHl�n*�

Vhn<`"acMmMNJ&‚�Wp^oac‰‹‚�l�MXW�`{l•n³LNƒ&W•J<n<`$W2^o\H•4acn&zObpl�‰;‚+J&LNVBLNaHl�niª¡aHLXƒ&l�J&Lmacn'LXWp^N©�W2^oacn&zOªqaHLNƒiaHLpF�IKƒ<Vhn<`$•³Vhn<`

��Vh‰‹‚�lh^NLPJ<MXW�`°V )#$ "/' ��� � ��� �#" ��� ",) ���$#��>�&$�� " ) � )$��� �¨LXl’‰‹lhLNaH±BVBLXW‹LNƒ&W�aH^P‚&^Nl�Ltl$bpl�\��>Vhn&`°‚<^Nl�±4ac`&W;V

z�J<ac`$W�\cacn&W¡©›lh^qaHLNMqac‰;‚+\HW�‰;W�n•LNVBLNaHl�n�F

r§©<‚<^Nl$b“W�MNM �
�

V�n&`;‚<^Nl4bpW2MNM �	�µVB^NWµbpl�n<n&W2bpLXW2`‹['•{boƒ<Vhn<n$W�\%�
�

�•LNƒ&WKac‰‹‚�lh^NLNVhn'L8^NW�MXLX^oacbpLNa l•n&M�acn ��n<`<acn&z

LNƒ&WQMXLNVBLXW2MqLXlilh[<LNVhacnsV;z•\Hlh[<V�\1MNn<VB‚+MNƒ&lhLµVB^NWPl�J&LN\cacn&W2`’VhMµ©›l�\c\Hl�ª¡MpF

�

r ©�
ŸacM"LNƒ$W n'J<‰Q[�Wp^"lh© ‰‹W�MNMNVBzhW�M’MXW2n'LsVh\Hl�n&z V boƒ<Vhn<n&W2\+�
�

[�W2©�lh^NWy‚<^Nl$b“W�MNM �
�

�TMsMXLNVBLXW acM

^NW2bplh^o`&W2`*�•V�n&`�

�

acM"LNƒ&W n'J<‰Q[�W2^ lh©{‰‹W2MNMoVBzhW2M—MXW2n'L’Vh\Hl�n&z � � [�Wp©�l�^NW„LNƒ&W MXLNVBLXW lh©�� �;acM

^NW2bplh^o`&W2`*�<LNƒ&W�nsLNƒ&WP^NW2bplh^o`&W�`’z�\Hlh[+Vh\�MXLNVBLXW{acMKb“l•n&MNacMNLXW2n'Lµl�n<\H• aH©>n

�›0‹!�
1�>%<#m���

n���F

�

U4ac‰³ac\cVB^o\H•��•aH©	� acM�LNƒ&W�n4J<‰Q[�W2^mlh©�‰‹W2MoMNVBzhW2M ^NW2bpW2aH±�W2`sVh\Hl�n&z;V boƒ<Vhn<n&W2\ � �1[�W2©�lh^NW¡LNƒ$WPMXLNVBLXW•lh©

V ‚<^Nl4bpW2MoM �
�

acMm^NW�b“lh^Š`$W�`sVhn<`�� ��acM�LNƒ&WPn'J<‰Q[�W2^ lh©8‰;W�MNMNVBzhW�MK^oW2bpW2aH±hW�`sVh\Hl�n&z � �1[�W2©�lh^NW+� � � M

MXLNVBLXW acM ^NW�b“l�^o`$W�`*�<LNƒ&W�nsLNƒ&W•^oW2bplh^o`&W2`—z�\Hlh[+Vh\�MXLNVBLXW acMqb“l�n<MNacMXLXW�n•Lµl�n<\H•"aH©8‰

��0³!�
���%+#����

‰ �HF

�

r§n�W2±hWp^N•�MXLNVBLXW��•LNƒ&W°n4J<‰Q[�W2^ lh© ‰‹W2MNMNVhzhW2Ms^NW�bpW2aH±hW�` Vh\Hl�n&z V boƒ<Vhn<n&W2\Pb2Vhn<n$l�LsW“†&b“W2W2`?LNƒ&W

n'J<‰Q[�W2^Klh©‡‰‹W2MNMNVhzhW2M¡MXW2n'LqV�\ l•n$z³LNƒ<VBLqbŠƒ&V�n&n&W�\���
���� �

%<
>�


����°F



G�R

U4l��<LNƒ&WOMXLNVBLXWQlh©�boƒ<Vhn<n&W2\'� ��LNƒ&VBL¡acM ^NW�b“l�^o`&W2`’‰{J&MXLµ[�W•LNƒ&WQMXW��4J&W2n<b“WPl�©�‰‹W2MoMNVBzhW2M¡MXW�n•L¡Vh\Hl�n&z;LNƒ&W

boƒ<Vhn<n&W2\ [�Wp©�lh^oW LNƒ$W’MNW2n<`&Wp^ �TM‹MXLNVBLXW—acM ^oW2bplh^o`&W2`*�mW“†&bp\cJ<`<acn$z„LNƒ&W’MXW��4J&W2n<bpW lh©�‰‹W�MNMNVBzhW�M‹^NW�bpW2aH±hW�`

Vh\Hl�n&z‹LNƒ&WOboƒ<Vhn<n&W2\1[�W2©�lh^NWPLNƒ&WO^NW2bpW2aH±�Wp^ �TM¡MXLNVBLXWQacMK^NW�bplh^o`&W2`�F

Z'F���� � ����� �#"%� �>��$��!"

ˆµƒ&WOJ<MXW2^µacMK‚<^Nl�±$aH`&W�`"ªqaHLNƒ ^Nl•J$LNacn&W�M ª¡ƒ&acboƒsªqac\c\�W�n<VB[<\HWPƒ<ac‰ LXl³LNVB¯hW V;Mon&VB‚+MNƒ&lhLµlh©8V³`<acMXLX^oaH[+J&LXW2`

b“l�‰‹‚+J&LNVBLNaHl�n�F IKJ$^o^NW2n'LN\H•iV‹MNacn&z�\HWPMNn<VB‚<Moƒ$lhLqbpV�n’[�WPLNVB¯hW�n�F

�›a �§ˆµƒ&W‡©�l�\c\Hl�ªqacn&z L ªmlq^Nl�J&LNacn$W�M�n&W2W2`OLXlq[�W‡bpVh\c\HW�`P[�W2©�lh^NW_bpVh\c\cacn&zmLNƒ&W�acn<aHLNacVh\caHu2VBLNaHl�n¡^Nl�J&LNacn&W

3y/>�›
>��� �  

F

ˆµƒ&W�MXWPW2n<VB[+\HWPLNƒ&WQMXLNVBLXWQlh©8LNƒ&WO‚&^ol4bpW2MNMµLXl‹[�W�©›l�J&n<`s`&•$n&V�‰‹acb2Vh\c\H•BF

�

�2
8� ��fO������!4020��O%<�!�� 

MXWpLNM‡LNƒ&WK‚�l�acn•LXW2^oM>LXlQ±�Vh^oacVB[<\HW�M8LNƒ&VhL‡Vh^NWµJ<MXW2`;['• LNƒ$Wµ‚<^Nl4bpW2MNMpF‡ˆµƒ&W ±BVh\cJ&W

lh©‡LXƒ&W�MXWQ±BVB^oacVB[+\HW�Mq`&W�n$lhLXW LNƒ$W{MXLNVBLXW lh©�LNƒ&WQ‚<^Nl4bpW2MNM2FKˆ>l"^NW2bplh^o`—LNƒ$W ‚&^Nl$b“W�MNM¡MXLNVBLXW ��LNƒ&W J<MXW2^

ªqac\c\8ƒ&V�±hW‹LXl’‰³VB¯hW‹VB‚<‚<^Nlh‚<^oacVBLXW{bŠƒ&V�n$z�W2MPLXl LNƒ&W;^Nl•J$LNacn&WhFOˆqƒ&W;MX‚�W�bpa���bQz�J<ac`&W�\caHn&W�MµLXl—`$lsMXl

ƒ&V�±hWQ[�WpW�ns‚<^Nl�±4ac`&W2`sacn LNƒ&WOMXl�J&^obpWQb“l$`&WP©�lh^qLNƒ$WO^Nl•J$LNacn&WhF

�

.�!'�B.�
�%��8�2
>������%&���+��� �&%<# ��!� 

ª¡ƒ&Wp^NWq±BVh\cJ&WµacM_VP‚�l�acn'LXWp^‡LXl Vhniacn•LXW2zhW2^�LNƒ&VhL‡LNƒ&W¡J<MXWp^_‚<^Nl�±4ac`&W�M

VhMqVhn—acn$‚+J&L LXl³LNƒ&WP^Nl�J&LNacn$WhF_ˆqƒ<acMKVhbpLNMqVhM¡Vhn’acn<`<acbpVBLXl�^K©�lh^qLNƒ&WQMNn<VB‚<Moƒ$lhLµb“l�‰‹‚+\HWpLNaHl�n�F

�›aca �§‘ L�MXl�‰‹WQ‚�l�acn•L¡acnsLNƒ&W bpl�‰;‚+J&LNVBLNaHl�n*�+l•n$W lh©�LNƒ&WQ‚<^Nl$b“W�MNMXW�Mqb2VhnyMXLNVh^NLqLNVB¯$acn&z³LNƒ&W MNn<VB‚+MNƒ&lhLq['•

acn•±hlh¯$acn&z‹V³^Nl�J&LNacn&W

.���%<���B.�
�%��80

�

�<���� 

‚<^Nl�±4ac`&W�`s©�lh^¡LNƒ<acMKLNVhMX¯�FqI VB^NWQƒ<VhMµLXl³[�WPLNVB¯hW2nyLNƒ<VBLql�n<\H•

V;MNacn&z�\HW•‚<^Nl4bpW�MNMK‰³VB¯hW2MqMNJ<boƒ’V‹bpVh\c\ F_ˆµƒ&WO‰³VB^N¯hWp^qMXW�n&`<acn&z{Vhn<` ^NW�b“W�aH±4acn&z;^oJ&\HW�M
�&`&W2Mob“^oaH[�W�`"VB[�l�±hW �

VB^NWO©�l�\c\Hl�ªmW�`sª¡ƒ&ac\HW�LNVB¯$aHn&ziV;Mon&VB‚+MNƒ&lhLpF

�›acaca �§ˆµƒ&W‹Vh‚&‚+\cacb2VBLNaHl�n°acM MNaHz�n<Vh\HW2` VhMX•$n&bŠƒ$^ol�n&l�J&Mo\ •„LXl—zhW2LQLNƒ&Wi‚&^ol4bpW2MNMQMXLNVhLXWiVhn<` LXlyacn<`<acbpVhLXW‹LNƒ&W

b“l�‰‹‚+\HWpLNaHl�n’lh©>LNƒ&WQMNn<VB‚+MNƒ&lhLµJ<MNacn&z;LNƒ$WOacn<`<acbpVBLXl�^µMXW2Lµ[4• LNƒ$WP^Nl�J&LNacn&W

.�!'�h.1
>%��>��
�������%&���+�!�� 

F

�›aH±%�§ˆqƒ$WP‚<^Nl$b“W�MNMqVhn&`—boƒ<Vhn<n$W�\1MXLNVBLXW ±BVh\cJ$W�M
�<Vh\Hl�n&z³ªqaHLNƒ LNƒ&WO±hW�bpLXlh^¡LNac‰‹W�MXLNVh‰;‚+Mµlh©8LNƒ&WP^NW�b“W�aH‚<Lµlh©

LNƒ&W;‰³VB^N¯hW2^oM
��Vh^NW;`<J<‰;‚�W�`’LXlsV"‚<^NW�`&W#��n&W2` �+\HW{VBL•LNƒ$W;LXWp^o‰³acn<VBLNaHl�n—lh©mLNƒ$W;b“l�‰‹‚+J&LNVBLNaHl�n�FQˆqƒ$W�MXW

`&WpLNVhac\cM�ªqac\c\h‚<^Nl�±4ac`&W_LNƒ&W J<MXW2^�ª¡a LNƒQLNƒ$W z�\Hlh[+Vh\•MNn<VB‚+MNƒ&lhL
�hV�n&` Vh\cMXl¡V¡‚<^Nl�±4acMNaHl�nPLXl•boƒ&W�bN¯QLNƒ&Wm±BVh\cac`<aHLA•



G�e

lh©�LNƒ$WOMNn<VB‚+MNƒ&lhLpF

E$F���"%� �#� �
���&$��!"�� $6�"�2���%� �%
 �#� � �(�#�

�°W{ƒ&V�±hW{‚&^ol�±$ac`&W2`sVi‰‹W2boƒ<Vhn<acMN‰«[4• ªqƒ<acboƒsLNƒ&WQMNn<VB‚+MNƒ&lhLµb2Vhn’[�WOLNVB¯hW2n„`&•4n<Vh‰³acbpVh\c\H•"Vhn<`sLX^oVhn<Mt¦

‚+VB^NW2n'LN\H•sLXliLNƒ$W{VB‚&‚+\cacb2VBLNaHl�nsWp†4W�bpJ&LNaHl�n�F���ƒ$W�nyV³‚<^Nl4bpW�MNMqMXLNVB^oLNM¡LNVB¯$acn&z‹LNƒ&W MNn<VB‚+MNƒ&lhL¡['•sb2Vh\c\cacn&z

.���%<���B.�
>%"�80

�

�<���  

�$aHLmn&lhLNa��+W2MmLNƒ$WPJ<n<`&Wp^o\H•$acn$zP\cV�•hW2^KLXl;`&l MNl��&Vhn<` MXW2n<`<M�LNƒ&W�‚&^ol4bpW2MNMmMXLNVhLtW•LXl‹aHLpF

xyVB^N¯�Wp^oMOVB^oW;MXW�n•L•LXlsVh\c\8‚<Vh^NLNacbpaH‚+VBLNacn&z³‚<^Nl$b“W�MNMXW�M
��V�n&`°b“l•n•LX^Nl�\‡acM�^NW2LNJ$^on&W�`—[+VhbN¯„LXl LNƒ&W;VB‚<‚+\cacbpV�¦

LNaHl�n�F ��ƒ$W�n’V‹‰‹VB^o¯hWp^�acM ^NW�b“W�aH±hW�`s['• Vhn'•"‚&^Nl$b“W�MNMµ©�lh^KLNƒ&W �+^oMXL LNac‰‹W��&LNƒ&WOVB‚&‚+\cacb2VBLNaHl�n acMKMNaHz�n<Vh\HW�`

VhMX•4n<boƒ&^Nl•n$l�J<MN\H•sLXl lh[<LNVhacnyLNƒ&W ‚<^Nl4bpW2MNM•MXLNVBLXWhFO‘ `&W2`<acb2VBLXW2`„‚+aH‚�WQacn•LXW2^N©›VhbpW{acM�J&MNW2`„©�lh^�W“†&boƒ<Vhn&zhW

lh©m`<VBLNV4FOr§n'LXWp^N^oJ&‚<L

.��

���

.1�y


acM¡LX^oVh‚&‚�W2`y©�lh^PMNaHz�n<Vh\cacn$z³‚+J&^N‚�l�MXW�MpF•ˆqƒ$W;VB‚<‚<\cacb2VBLNaHl�n„aHM�Vh\c\Hl�ªmW�`

LXl’LNƒ&W2n°‚�W2^N©�lh^o‰|n$l�^o‰‹Vh\8Wp†4W�bpJ&LNaHl�n�F‹‘¡©�LXWp^OLNƒ&W �+^oMXLP‰‹VB^N¯�Wp^��>LNƒ&W³MXW2n<`<acn&z"V�n&`°^NW�b“W�aH±4acn&z lh©mLNƒ&W

‰‹Vh^N¯hWp^oM acM•LNVB¯hW2n b2VB^NW³lh© [4•yLNƒ&W³MoJ$[+\cV�•hW2^���LX^oVhn<MX‚<Vh^NW2n'LOLXl’LNƒ&W³VB‚<‚+\cacb2VBLNaHl�n�F

-

n°LNƒ&W‹^NW2bpW2aH‚<LOlh©

Vs‰³VB^N¯hWp^	�1LNƒ&W‹MNJ&[<\cV�•hW2^P^NW2bplh^o`<M•LNƒ&W;MXLNVBLXW³lh©�LNƒ&W;boƒ<Vhn<n&W�\�VhMOLNƒ$W‹n'J<‰Q[�W2^•lh©m‰‹W2MNMNVBz�W2MO^NW�bpW2aH±hW�`

Vh\Hl�n&z"LNƒ&VhL�bŠƒ&Vhn<n&W�\�VB©�LXW2^•LNƒ&W �+^oMXLq‰³VB^N¯hW2^•ª VhM�^NW2bpW�aH±hW2`�F¡r§L�Vh\cMXl"^NW2bplh^o`<M¡LXƒ&WQ±�W2bpLXlh^PLNac‰;W�MXLNVh‰‹‚

lh©1LNƒ&W�‰‹VB^o¯hWp^m^NW�bpW2aH‚<LpF_‘¡©�LXW2^mLNƒ&W¡‰³VB^N¯hW2^oM VB^NW¡^NW�b“W�aH±hW2`"l�niW2±hW2^N•³boƒ<Vhn<n&W�\��•LNƒ&W�VB‚<‚+\Hacb2VBLNaHl�niacM�MNaHzB¦

n<Vh\HW2`"V�•4n<MNboƒ&^Nl�n&l�J<MN\H•³^NW2z�VB^o`<acn$z LNƒ$W•bpl�‰;‚+\HW2LNaHl�nilh©1LNƒ&WPMNn<VB‚+MNƒ$l�LmJ&MoaHn&zQLNƒ&W•MNVh‰‹W�‚<aH‚�W¡acn•LXW2^N©›VhbpW

Vhn<`³MoaHz�n&V�\$`&W�MNb“^oaH[�W�`‹VB[�l�±hWBFm‘ L�LNƒ&WµLXW2^o‰³acn&VhLNaHl�n;lh©�LNƒ$W¡`<acMXLX^oaH[+J$LXW�`{bpl�‰‹‚<J&LNVBLNaHl�n*�4W2±hWp^N•;‚<^Nl4bpW2MNM

`<J&‰‹‚+M LNƒ&WOMXLNVBLXW `<VBLNV³acn•LXl³V;‚<^NW�`&W#��n&W2` ��\HW��&ª¡ƒ&acbŠƒ ‚&^ol�±$ac`&W2M LNƒ&WOz�\Hlh[+Vh\1MNn<VB‚<Moƒ$lhLpF

D��c-�� � 5*�1����%+#������•#›�>0��›��


GBF�� ��� �#� ����� ��)��
��$ � �&$��!"

rtn Vhn•• ‰{J&\HLNaH‚<^Nlhz�^oVh‰‹‰³acn&z—W�n•±$aH^Nl�n<‰;W�n•L;ªqƒ&Wp^oW ^NW2MXl�J&^obpW2M³n&WpW�` LXl [�WsMNƒ<VB^NW�` �mb“^Ša LNacb2Vh\KMNW2bpLNaHl�n

‚<^Nl4bpW2MNMNacn&z acM Vhn?ac‰‹‚�lh^NLNVhn'LsVhMX‚�W�b“LpF«r LsacMsn&W�b“W�MNMNVB^N• LXl MXW2W°LNƒ<VBLsl�n<\H•)l�n$W°‚<^Nl4bpW�MNMsVhbpbpW2MoMXW2M

LNƒ&W³^NW�MXl�J&^obpWiVhL V’LNac‰‹W‹LXl„V2±hl•ac` b“l�n ��acb“LNM{Vhn<` bplh^N^oJ&‚<LNaHl�n lh©K`<VBLNV4F„U4•4n<boƒ&^Nl�n<aHu2VBLNaHl•n VhbŠƒ&aHW2±hW�`

['•°‰ J&LNJ<Vh\‡W“†&bp\cJ<MNaHl�n VBLXLNVhacn<MOJ&LN‰;l�MXLOac‰‹‚�lh^NLNVhn<bpW‹acn `<acMXLX^oaH[+J$LXW�`yMN•4MXLXW�‰‹M
�8VhMQb“l�‰³‰‹l�n&\H•°‰‹V�n••
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‚<^Nl4bpW2MNMXW�M—VB^oW°LX^N•$acn$z LXl Vhb2b“W�MNMyMNƒ<VB^NW�`?^NW�MXl�J&^ob“W�MpF ��aHLNƒ<acn?MNacn$z•\ W ‰³Vhboƒ<acn&W MX•$MXLXW2‰³M
�Q‰ J&LNJ<Vh\

W“†&bp\cJ<MNaHl�n acM;Vhboƒ<aHWp±hW�` J<MNacn&zyMXW�‰³VB‚+ƒ$lh^oW2M{V�n&` \ l$bN¯$MpF �¡l�ªmWp±hW2^��KMNacn<b“W"l�n<\H•C‰;W�MNMNVBzhW ‚+VhMNMNacn&z°acM

J<MXW2` ©›lh^³acn&©�lh^Š‰‹VBLNaHl�nCWp†$bŠƒ&V�n$zhW��KLNƒ&WsLXW2boƒ<n<a �'J&W�M;J<MXW�` acn MXW	�'J&W�n•LNacVh\ ‚<^Nlhz�^oVh‰‹M³VB^NW’`<a��"bpJ<\HLQLXl

ac‰;‚+\HW�‰;W�n•LOacnC`<acMXLX^oaH[+J&LXW2`°MX•4MXLXW�‰³MpF � W"ƒ<V2±hW ac‰‹‚+\HW2‰‹W2n'LXW2` �¡acbpVB^oL Vhn<`C‘qzh^oV�ª V�\HV � M;Vh\Hzhlh^oaHLNƒ<‰

� G2}�� FCˆqƒ&Wi‚<^NlhLXl$b“l�\KacM{MX•$‰‹‰‹W2LX^oacb!��VhM LNƒ&WsMNVh‰‹WsVh\Hzhlh^oaHLNƒ<‰ acM Wp†4W�bpJ&LNacn&zyl�n W�Vhboƒ n$l$`&W �mVhn<` aHL

^NW��4J<aH^NW2M•n&l MNƒ<VB^NW2`°‰‹W2‰‹lh^N•hF ˆqƒ<acM¡V�\ z�lh^oaHLNƒ<‰ ‚<^Nl�±4ac`&W2M•Vhn„lh‚<LNac‰‹Vh\�MXl�\cJ&LNaHl�n„©�lh^•LNƒ&W;n4J&‰ [�Wp^•lh©

‰;W�MNMNVBzhW�MKMXW�n•LKVhn<` J&MXW�M�l�n<\H•iS��/� �µ¦qG ��‰;W�MNMNVBzhW�M [�W2LAª WpW�n"LNƒ&W�n&l$`$W�M
�4ªqƒ&W2^NW�� acM�LNƒ&W•n'J<‰Q[�Wp^mlh©

n&l4`&W2MqacnsLNƒ&WQMX•$MXLXW2‰sFmˆqƒ&WO‚<^NWp±$aHl�J<MKMNac‰³ac\cVB^ ªmlh^N¯s`&l�n&WO©�lh^¡‰ J&LNJ<Vh\�Wp†$b2\cJ<MNaHl�ns['• �>Vh‰‹‚�lh^NLqJ<MXW�`

Z��/� �q¦NG �q‰‹W2MNMNVhzhW2M¡‚�W2^µbp^oaHLNacbpVh\�MXW2bpLNaHl�n—acn'±hl4b2VBLNaHl�n � E � F_rtn’V�`&`<aHLNaHl�n*�$LNƒ&WOLNac‰‹WP^NW��4J&aH^NW�` LXl³lh[<LNVhacn

‰ J&LNJ<Vh\8W“†&bp\cJ<MNaHl�nyJ<MNacn&z �qacb2VB^NLPVhn<`°‘qzh^oV�ª V�\HV � MP‚<^Nl�Ltl$b“l•\�acM¡lh‚<LNac‰³Vh\ FPˆqƒ$W‹J<n&`&W2^o\H•4acn&z³n$W2L ªmlh^N¯

acMµVhMNMoJ&‰‹W�` LXl‹[�WPW2^N^Nlh^X¦A©�^NW2W ��Vhn&`’LNƒ$WOn&l$`$W�MµVh^NWQVhMNMNJ<‰‹W2` LXl³lh‚�W2^oVBLXWQb“l�^N^NW2bpLN\H•BF
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‘¨‚<^Nl4bpW2MoM ªqƒ<acboƒCªKVhn•LNM;LXl°W�n•LXW2^;LNƒ&Wsbp^oaHLNacbpVh\ MXW2bpLNaHl�n MXW�n&`<M{Vy^NW	�'J&W�MXL;bpl�n•LNVhacn<acn&zyLNƒ&W"‚<^Nl4bpW2MNM

ac`&W2n'LNa��<W2^�� Vhn&` LNƒ&WsLNac‰;W�MXLNVh‰‹‚ ©�lh^iLNƒ&Ws^NW	�'J&W2MNL‹LNƒ<VBLiacM;J<n<a �'J&WsMX•$MXLXW2‰;¦ ª¡ac`$W��mLXl Vh\c\ LNƒ&W’lhLNƒ&Wp^

‚+VB^NLNacbpaH‚+VBLNacn&z•‚<^Nl4bpW2MNMXW�MpF 	¡‚�l�n‹^NW�b“W�aH‚&L‡lh©�LNƒ$Wq^NW��4J&W2MXL
�4VP‚<^Nl$b“W�MNM_bpVhn³^NW2‚+\H•{ac‰³‰;W�`<aHVhLXW2\H•Qlh^�`&W2©�Wp^

LNƒ&Wi^oW2MX‚�l�n<MXW"J<n•LNac\�aHL;\HW2V�±hW�M{LNƒ&W b“^oaHLNacb2Vh\mMXW�b“LNaHl�n�F

-

n<\H• VB©�LXWp^‹Vy‚<^Nl$b“W�MNMQ^NW�b“W�aH±hW�M;Vy^NWp‚+\H•„©›^Nl�‰

Vh\c\8‚&^Nl$bpW2MNMXW�M•bpVhn aHL�W2n'LXWp^PLNƒ&W;bp^oaHLNacbpV�\8MXW�b“LNaHl•n�FQˆµƒ&W ^oW��4J$W�MXL•zh^oVhn'L�l�^O`$W2©�W2^o‰;W�n•LPacM�`&WpLXW2^o‰³aHn&W�`

J<MNacn$z LNƒ$WPJ<n<a �'J&W¡LNac‰;W�MXLNVh‰‹‚*�<Vhbpbplh^o`<acn&z LXl;LNƒ&W•‚<^oaHlh^oaHL •;lh©>LNƒ&W�acn<bpl�‰‹acn&z ^oW��4J$W�MXL
�&`&Wp‚�W2n<`<acn&zOl�n

ªqƒ&W2LNƒ$W2^KLNƒ&WP‚<^Nl4bpW�MNMµƒ<VhMKaHLNMNW2\H©>^NW��4J$W�MXLXW�`sLNƒ&WOb“^oaHLNacb2Vh\�MXW�b“LNaHl�n*�+Vhn<` ª¡ƒ&WpLNƒ&Wp^µLNƒ&WP‚&^ol4bpW2MNMµacMKaHLNMXW2\H©

acnyLNƒ&W³b“^oaHLNacb2Vh\�MXW2bpLNaHl�n �•G�}�� F���ƒ&W2n V ‚<^Nl$b“W�MNM•W“†&aHLNM•LNƒ$W³b“^Ša LNacb2Vh\�MXW2bpLNaHl�n*�>aHLPacn$©›lh^o‰‹M¡W2±hWp^N•°lhLNƒ&Wp^

‚<^Nl4bpW2MNMpF’]_^Nl$b“W�MNMXW2M `$l„n&lhL MXW�n&` VhnCWp†4‚+\cacbpaHLP`&W�n&acV�\‡‰‹W�MNMNVBzhW"LXl—LNƒ&Wilh^oaHz�acn<VBLXlh^Olh©µLNƒ$Wi^NW	�'J&W�MXL
�

^NW2MoJ&\HLNacn&z;acn’V;^NW�`<J&bpLNaHl�nsacn LNƒ&WQn'J<‰ [�Wp^µlh©8‰‹W�MNMNVBzhW�MpF
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�°W¡ƒ<V�±hWµ‚<^Nl�±4ac`&W�` ^Nl�J&LNacn&W2M8LNƒ<VBL‡ªqac\c\'W2n<VB[+\HWKV•‚<^Nl4bpW�MNM8Wp†4W�b2J$LNacn&z•LNƒ&WµJ<MXW2^‡Vh‚&‚+\cacb2VBLNaHl�nQLXlQVhboƒ<aHW2±hW

‰ J&LNJ<Vh\�Wp†$b2\cJ&MoaHl�n ©�lh^¡b“^oaHLNacb2Vh\�MXW�b“LNaHl�n—‚&^Nl$b“W�MNMNacn&z{l�^µ©�lh^¡J<MNacn$z‹V‹^NW2MXl�J&^obpWBF

�›a � �

!'�

š

�B� �����•%<#A.�!4�h������
��  

acM acn'±hlh¯hW�`sªqƒ&W�n V{‚<^Nl4bpW�MNMKn&WpW�`<M LXl‹W“†$W2b2J&LXWQacn"LNƒ$WPbp^oaHLNacbpVh\1MXW2bpLNaHl�n�F

ˆµƒ&WO^Nl�J&LNacn&WObpV�n’[�WOb2Vh\c\HW2`’VB©›LXWp^•acn<aHLNacVh\caHu2VBLNaHl�n�F

-

n—acn•±hlh¯$acn&z;LNƒ<acMK^Nl•J$LNacn&W��<V;^oW��4J$W�MXLq©�lh^¡bp^oaHLNacb2Vh\

MXW2bpLNaHl�n—acMµMXW2n'LµLXl³W2±hWp^N• ‚<^Nl$b“W�MNMµacn LNƒ&WQ`<acMXLX^oaH[+J&LXW2`"VB‚<‚+\cacbpVBLNaHl�n�F

�›aca �µˆqƒ&W{VB‚<‚+\cacbpVBLNaHl�nyª VhaHLNM•J<n•LNac\8b“l�n'LX^Nl�\‡acM�^NWpLNJ&^on&W�`—LXlsaHL�['•—LNƒ&W{MoJ$[+\cV�•hW2^2FOˆqƒ$W;VB‚<‚+\Hacb2VBLNaHl�n„acM

[+\Hl4bN¯hW�`„J<n'LNac\1LNƒ&W2n�F

-

n<b“W LNƒ&W{bpl�n'LX^Nl�\�aHM¡^NW2z�Vhacn&W2`*��LNƒ&W ‚<^Nl4bpW2MoM�MXLNVh^NLNM¡Wp†4W�b2J$LNacn&z acn—LNƒ&W{bp^oaHLNacb2Vh\

MXW2bpLNaHl�n�F
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acMµb2Vh\c\HW2`s[4•"LNƒ&WQVB‚<‚<\cacb2VBLNaHl�n ‚<^Nl4bpW�MNMµWp†4W�bpJ&LNacn&ziacn LNƒ$WQbp^oaHLNacb2Vh\

MXW2bpLNaHl�n*�1l�n„bpl�‰‹‚<\HW2LNaHl�n„lh©_LNƒ$W‹b“^oaHLNacb2Vh\8MXW2bpLNaHl�ny‚<^Nl$b“W�MNMNacn&z$FPˆqƒ<acMqacM¡LXl’acn&©�lh^o‰¨LNƒ&W;‚<VB^oLNaHb2aH‚+VBLNacn&z

‚<^Nl4bpW2MNMXW�Mµlh©8LNƒ&WQbpl�‰;‚+\HW2LNaHl�n lh©�LNƒ&WOb“^oaHLNacb2Vh\1MXW�b“LNaHl�n’W“†$W2b2J$LNaHl•n�F

�›aH±%��‘¡©�LXW2^KLNƒ&WPbp^oaHLNaHb2Vh\�MXW�b“LNaHl�n’aHM zh^oVhn'LXW2` LXl³V ‚<^Nl4bpW�MNM
�$LNƒ&W�ac`&W�n•LNa��+Wp^ lh©�LNƒ&W•‚<^Nl4bpW2MNM zh^oVhn•LXW�`sLNƒ&W

b“^oaHLNacb2Vh\'MNW2bpLNaHl�n*��Vhn<`QLNƒ&Wm^NW	�'J&W�MXL�n'J<‰Q[�W2^��hVh^NWmªµ^oaHLXLXW�nQLXlPV¡‚<^NW2`&W
�+n&W�` ��\HWBF>r§©<LNƒ&W b“^oaHLNacb2Vh\'MXW�bpLNaHl�n&M

VB^NW�zh^oVhn'LXW2`"Vhb2b“lh^o`<acn&zQLXl LNƒ&W�Vh\Hzhlh^oaHLNƒ<‰+�•LNƒ&W ��\HWµª¡ac\c\&bpl�n'LXV�acn³LNƒ&W�`<VBLNVQªq^oaHLXLXW2n³['•‹LNƒ&Wq‚<^Nl$b“W�MNMXW2M

acn"LNƒ&W¡lh^o`&W2^µacniª¡ƒ&acbŠƒ³LNƒ&W2•³ª Wp^NW•zh^oVhn'LXW2`’LNƒ$W•bp^oaHLNacbpVh\�MXW2bpLNaHl�n<M
�$lh^KªmW2^NWPJ<MNacn&zQLNƒ&W�^oW2MXl�J&^obpWBF�ˆµƒ&W

b“l�n'LXW2n'LNMOlh©mLNƒ&W �+\HW;bpVhn [�W;W“†&Vh‰³aHn&W�`„LXl—boƒ&W2bN¯°LNƒ&W;MXW	�'J&W�n&bpW‹acn„ªqƒ<acboƒ°LNƒ&W{‚<^Nl$b“W�MNMXW2MOlh[&LNV�aHn&W�`

LNƒ&WOb“^oaHLNacb2Vh\�MXW�b“LNaHl�n�F�ˆqƒ'J<M
�4LNƒ&WOJ<MXW2^KbpVhn—J&n<`&W2^oMXLNVhn<` ƒ$l�ª ‰ J&LNJ<Vh\�Wp†$b2\cJ<MNaHl�n"acMKVhboƒ<aHW2±hW2`*�<VhMµªmW�\c\

VhMqLNƒ$WOacMNMNJ&W�MK\caH¯hWO‰‹W2MNMoVBzhWQ‚+VhMNMNacn&z{l�±hW2^oƒ&W2Vh`—LNƒ&VBL¡VB^NWO^NW�\cVBLXW�`sLXliV�boƒ<aHWp±$acn$z³MX•4n<boƒ&^Nl�n<aHu�VBLNaHl�n
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ˆµƒ&WiMNJ&[<\cV�•hW2^Q`&W2MNaHz�n lh©KLNƒ$W³‚<^Nl�¬XW2bpLOW�n&VB[+\HW�MPLNƒ&W‹‚<^NlhLXl$b“l�\_LXly[�W‹acn'±hlh¯hW�` ['• MNac‰;‚+\HW;‘�]_rPb2Vh\c\cM
�

Vhn<`CW“†$W2b2J&LXW LX^oVhn<MX‚<Vh^NW2n'LQLXlyLNƒ&W"VB‚<‚+\caHb2VBLNaHl�nC\cV�•hW2^2F���ƒ&W2n&W2±hWp^‹V’‚<^Nl$b“W�MNMQ‚+VB^NLNacb2a ‚+VBLNacn&z—acn LNƒ&W

`<acMXLX^oaH[<J&LXW�` bpl�‰;‚+J&LNVBLNaHl�n)ªqacMNƒ&W�M‹LXl Wp†4W�b2J$LXW°acn LNƒ&W„bp^oaHLNacb2Vh\qMXW�b“LNaHl�n*�qLNƒ&W°VB‚<‚<\cacb2VBLNaHl�n MXW�n<`<MiV



SB}

b“l�‰³‰³Vhn<`‹LXlOLNƒ&W¡MNJ&[<\cV�•hW2^2F8r§L_ª VhaHLNM_J<n•LNac\$LNƒ&Wqbp^oaHLNacbpVh\&MXW�b“LNaHl�niacM‡zh^oVhn'LXW2`�F‡ˆqƒ&WqMNJ&[+\cV�•hWp^�acn'LNacVh\caHupW�M

LNƒ&WQ`&VhLNV³MXLX^oJ<bpLNJ&^NW2MµLXl"‰‹Vhacn'LNVhacnsV³^NW2bplh^o`slh©�LNƒ&WO^NW2‚<\caHW�M ^NW�b“W�aH±hW�` ��Vhn<`sLNƒ&WO^NW��4J&W2MXLNMqLNƒ<VBLq‰³aHz�ƒ'L

[�W"`&Wp©�W2^N^NW�`�Fyˆqƒ$W J<n<a �'J&W‹LNac‰;W�MXLNVh‰‹‚ acM `&W2`<J<b“W�` J<MNacn&z—V’±BVB^oacVB[+\HW"acn<aHLXacV�\ca u2W�`°VBL;MXLNVB^NLNJ&‚ �_Vhn<`

J&‚�`<VBLXW2` VBLOW2±hWp^N• ^NW	�'J&W�MXLQMXW2n'L Vhn<` lh[<LNVhacn&W2`�F"ˆqƒ&W;^NW	�'J&W2MNLQacMOMXW2n'LOLXlyVh\c\‡LNƒ&W³‚&^Nl$bpW2MNMXW�MOJ<MNacn&z

LNƒ<acM MXW��4J&W2n<bpWsn'J<‰Q[�W2^2F � ƒ&W�n&Wp±hW2^‹Vy^NWp‚+\H• acMQ^NW�b“W�aH±hW2` ['• LNƒ&W MNJ$[+\cV�•hW2^��_aHL bŠƒ$W�bN¯$M;LXl MXWpW aH©qaHL

acM�V"`<J&‚+\cacbpVBLXWhF

-

LNƒ&W2^NªqacMXWQLNƒ&W{^NWp‚+\H•’bpl�J&n'LPacM¡acn<bp^NW2‰‹W�n•LXW�` �1Vhn<`—LNƒ&W;n$W�b“W�MNMNVB^N•„`<VBLNV MXLX^oJ<b“LNJ&^NW�M

VB^NW;J&‚�`<VBLXW�`�F�‘¡©�LXWp^PVh\c\>LNƒ&W ^NW2‚<\caHW�MqVh^NW{lh[<LNVhacn&W2`*��LNƒ&W{MNJ&[+\HV�•hW2^•ªµ^oaHLXW�M¡LNƒ$W{^NW��4J&W2MXL•n'J<‰Q[�Wp^•Vhn<`

‚<^Nl4bpW2MNM{ac`$W�n•LNa��+W2^QLXlyLNƒ&W `&W2MNaHz�n<VBLXW�` ��\HW ��V�n&` MXW�n<`<M VyMNJ<b2b“W�MNMQ±BVh\cJ&WiLXlyLNƒ&W VB‚<‚+\caHb2VBLNaHl�n�F—ˆµƒ&W

‚<^Nl4bpW2MNM‹bpV�n LNƒ&W2n Wp†4W�bpJ&LXW’acn LNƒ&Wsbp^oaHLNacbpVh\KMXW2bpLNaHl�n�FCr§©�Vy^NW	�'J&W�MXL‹acM{^NW2bpW2aH±hW�` ª¡ƒ&ac\HWiLNƒ&W ‚<^Nl4bpW2MNM

acM¡^NW��4J$W�MXLNacn&z‹LNƒ&W;b“^oaHLNacb2Vh\�MXW�b“LNaHl�n*��lh^•acMµWp†4W�bpJ&LNacn&z acn’LNƒ&W bp^oaHLNacbpVh\>MXW2bpLNaHl�n*��LNƒ&W�n’LNƒ&W{VB‚<‚<^Nlh‚<^oacVBLXW

`&W2b2acMNaHl�n LXl"`$W2©�W2^µLNƒ&WP^NW	�'J&W2MNLqacMµLXVh¯hW2n—['• LNƒ&WOMNJ&[<\cV�•hW2^��+`&W2‚�W2n<`<acn&z l�nsLNƒ&WO^NW	�'J&W�MXLµn4J&‰ [�Wp^¡Vhn<`

LNƒ&Ws‚&^ol4bpW2MNM;ac`$W�n•LNa��+W2^{n'J<‰ [�Wp^2F ‘¨^NW�b“lh^o` lh©¡Vhn'• `&Wp©�W2^N^NW�` ^NW��4J&W2MXLNM‹acM ¯hW2‚<L;acn V MX‚�W�bpacVh\m`<VBLNV

MXLX^oJ<b“LNJ&^NWhF‡r§©�LNƒ&W�‚&^ol4bpW2MNM acM n$W�aHLNƒ&Wp^ acn³LNƒ&W•b“^oaHLNacb2Vh\�MXW�b“LNaHl�n n&lh^ acM�^NW	�'J&W�MXLNacn&z LNƒ&W�bp^oaHLNacbpV�\�MXW2bpLNaHl�n*�

V;^oWp‚+\H•"acMµMXW�n•L¡ac‰‹‰‹W2`<acVBLXW�\H•iLXl‹LNƒ&WO^NW	�'J&W�MXLNacn$z‹‚<^Nl4bpW2MNM2F

-

n<b“WPLNƒ&WO‚<^Nl$b“W�MNM ��n<acMNƒ&W2M W“†$W2b2J$LNacn&ziacn

LNƒ&W b“^oaHLNacb2Vh\1MXW�bpLNa l•n ��aHLqMXW�n<`<MµVib“l•‰‹‰³Vhn<`’LXliLNƒ&WQMNJ&[<\cV�•hW2^qLXl"n&lhLNaH©�• LNƒ&WO^NW�‰‹Vhacn<acn&z;‚<^Nl$b“W�MNMXW�Mµlh©

LNƒ<acM�boƒ<Vhn&zhWhF‡ˆµƒ&WmMNJ&[+\cV�•hWp^>LNƒ&W2n MNW2n<`<M1V¡^NWp‚+\H•�LXl•Vhn••P‚<^Nl$b“W�MNM�LNƒ<VBL8aHL>ƒ<Vh`Q`&W2©�Wp^N^oW2`QVq^NW2‚<\H••LXl��•Vhn<`

^NWpLNJ&^on<Mqb“l�n'LX^Nl�\>[<Vhbo¯sLXliLXƒ&W Vh‚&‚+\cacb2VBLNaHl�n�Fm‘�n•• ‚<^NlhLXl$b“l•\1^NW�\cVBLXW2`y‰;W�MNMNVBzhW�M�©�^Nl�‰¨lhLNƒ&W2^q‚<^Nl$b“W�MNMXW2M

VB^NWm^NW�b“W�aH±hW�`{Vhn<` ƒ<Vhn<`<\HW2`Ol•n&\H••[4•OLNƒ$WmMoJ$[+\cV�•hW2^2F�ˆµƒ<acM�‚&^Nl�±$ac`$W�M1LNƒ&W n&W�b“W�MNMNVB^N•QVB[+MXLX^oV�b“LNaHl�n n&W2W2`&W�`

©�lh^qLNƒ$WOLX^ŠVhn&MN‚<VB^oW2n'LKWp†4W�bpJ&LNaHl�n’lh©8LNƒ&WQVB‚<‚+\Hacb2VBLNaHl�n�F
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rtn‹bpWp^NLNV�aHni`<acMXLX^oaH[+J&LXW2`;b“l�‰‹‚+J&LNVBLNaHl�n<M
�4VP‚&^Nl$b“W�MNM_acM_bpl�n&MoaH`&W2^NW2`‹LXlQ[�Wqacn{l�n&W¡lh©�L ªml MXLNVBLXW�M
.‡VhbpLNaH±hW �

acn ª¡ƒ&acboƒ aHL‹acM‹`$l�acn&z MXl�‰‹W’J<MXWp©›J<\ bpl�‰‹‚+J$LNVBLNaHl•n �mlh^³‚<V�MNMNaH±hW � acn ª¡ƒ<aHbŠƒ aHL;acM;W2aHLNƒ&W2^‹ac`<\HW"lh^iƒ&VhM
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LXWp^o‰³acn<VBLXW2`�Fµ‘7‚<^Nl$b“W�MNMq[�W2bpl�‰‹W2M¡‚+VhMNMNaH±hWOl�nyb“l�‰‹‚+\HWpLNaHl�n—lh©‡aHLNMµLNVhMX¯�F

-

n&\H• VhbpLNaH±hWQ‚<^Nl4bpW�MNMXW2M�b2Vhn

MXW2n<`„VB‚<‚<\cacb2VBLNaHl�n’‰‹W2MoMNVBzhW2M2F�ˆµƒ&WQ^NW�b“W�aH‚<Lµlh©�Vhn„VB‚<‚+\Hacb2VBLNaHl�n’‰‹W�MNMNVBzhW LX^oaHzhz�Wp^oM�Vi‚+VhMNMNaH±hW n&l4`&WOLXl

LX^oVhn<MNaHLNaHl�n LXl—LNƒ&W"Vhb“LNaH±hW MXLNVBLXWhFyˆµƒ&W"MXLNVBLXW acn ªqƒ<acboƒCVh\c\_n&l4`&W�MQVB^NWi‚+VhMNMNaH±hW"Vhn<` n&l„VB‚<‚<\cacb2VBLNaHl�n

‰;W�MNMNVBzhW�MOVB^NW³acnyLNƒ&W;bŠƒ<Vhn&n&W�\cM•acM�MXLNVh[<\HW���Vhn<`„LNƒ&W;`<acMXLX^oaH[+J&LXW2`yb“l�‰‹‚+J&LNVBLNaHl�n aHM•MNV�ac`yLXl’ƒ<V�±hW;LXW2^X¦

‰‹acn<VBLXW�`�F_ˆqƒ$WP\cVhbN¯ l�©8V‹b“l�‰³‰‹l�n’b2\Hl4bN¯ �+Vhn<` LNƒ&WO`<a��ib2J&\HL •"acn `&WpLXW2^o‰‹acn<acn&z LNƒ&WPz�\Hlh[+Vh\�MXLNVhLtWQlh©�V

`<acMXLX^oaH[<J&LXW�`iVB‚&‚+\cacb2VBLNaHl�n*�4‰‹VB¯�W•aHL `<a��"bpJ<\HL�LXl‹`$W2LXW�b“L LNƒ&W•LXW2^o‰‹acn<VBLNaHl�nilh©8`&acMXLX^ŠaH[<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<ƒ&W�VB^o`"lh©>‚<^Nlh[+\HW�‰ F_ˆµƒ&W

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

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

ˆµƒ&WO‚<^Nlh[+\HW�‰«lh©‡LtW2^o‰³acn<VBLNaHl�n’`&WpLXW�b“LNaHl�n„acMqV³zhl4l4`yaHn'LX^Nl4`<J<bpLNaHl�nsLXliLNƒ$WOLXl�‚<acbQlh©�`<acMXLX^oaH[+J&LXW2`sMN•4Mt¦

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

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

²&W2a ¬XW�nyVhn<`°€•VhMXLXWp^NW�n*��ª¡ƒ<acboƒ—J<MXW�MqMX•$n<boƒ&^Nl�n&l�J<Mq‰‹W2MNMoVBzhWQ‚+VhMNMNacn&z � S�� Fµˆqƒ&W MXl�\cJ&LNaHl�ns‚<^Nl�±4ac`&W2`’['•

LNƒ&W2‰ŽacMµMNac‰;‚+\HW��$W2\HW2z�Vhn'L
�+Vhn<`sW�VhMNac\H• J&n<`&W2^oMXLXl'l$`�F
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P3

P2

P1 probe 

message

turns black

P0

Processes in the application connected in a ring
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²&lh^•LNƒ$W ‚<J&^N‚�l•MXWOlh©‡LX^oVhn<MN‰‹aHLXLNacn&z³‰;W�MNMNVBzhW�M•VhMNMXl4b2acVBLXW2`„ª¡a LNƒ—LNƒ&W `&WpLXW�b“LNaHl�nylh©_LXWp^o‰³acn<VBLNaHl�n*�<‚<^NlB¦

b“W�MNMXW�M VB^NW�b“l�n<n&W�b“LXW�` acn³VQ^oacn$zO© VhMNƒ<aHl�n‹VhMKMNƒ&l�ª¡niacn³²�aHz�J&^NWqE$F‡rtn<aHLNacVh\c\H• Vh\c\<‚<^Nl4bpW2MNMXW�MmVB^NW¡‚+VhMNMNaH±hW��

ªqƒ&W�nyLNƒ&W³b“l�‰‹‚+J$LNVhLNa l•n°acM•acn<aHLNacVBLXW2`*��LNƒ&W{‚<^Nl4bpW2MNMNW2M•[�W�b“l�‰‹W³Vhb“LNaH±hWhF;ˆµƒ&W LXW2^o‰³acn&VhLXaHl•n„`&WpLXW�bpLNa l•n

‚<^NlhLXl4bpl�\macMQacn<aHLNacVBLXW�` [4• ‚&^Nl$b“W�MNM����iJ&MoaHn&zyV—MX‚�W�bpacVh\�‰‹W2MoMNVBzhW bpVh\c\HW�`CV��T‚<^Nlh[�W � �8ªqƒ<acboƒCaHL MXW�n<`<M

LXl°‚<^Nl$b“W�MNM ���	� �	�_ª¡ƒ&Wp^NW �6acMQLNƒ&Wsn4J&‰ [�Wp^;lh©¡‚&^ol4bpW2MNMXW�M{acn LNƒ&W MX•4MNLXW2‰sF ��ƒ$W�n V„‚<^Nl4bpW2MNM � � �


�� }³^NW2bpW2aH±hW�M�LNƒ&WQ‚<^Nlh[�W � � �‡‚<^Nlh‚+VBz�VBLXW�M�LNƒ&WQ‚<^Nlh[�WOLXl"‚<^Nl4bpW2MNM � � � � ��VB©�LXWp^ � �‡[�W2bpl�‰‹W2M¡‚+VhMNMNaH±hWhF

]_^Nl4bpW�MNM��
�‹LX^oVhn<MN‰³aHLNM•LNƒ$W³‚<^Nlh[�W‹LXl � ��� � F ‘ ‚+VhMNMoa ±�W;‚<^Nl4bpW�MNMOLNƒ<VBLQƒ<VhMO‚<^Nlh‚+VBz�VBLXW�` LXƒ&W³‚<^Nlh[�W

b“l�J<\c`°[�W�b“l�‰‹W;VhbpLNaH±hW³ªqƒ&W�n„aHL•^NW�b“W�aH±hW2MOVhn VB‚<‚+\cacbpVBLNaHl�n°‰‹W2MNMNVhzhWBF;ˆ>l’Vhbpbpl�‰‹l4`<VBLXW³LNƒ<aHM�©›V�b“L
�>LNƒ&W

‚<^Nlh[�WKVhn<`{W2Vhboƒ³‚<^Nl$b“W�MNM‡VB^NWK\cVB[�W�\HW2`{W2aHLNƒ&W2^�ª¡ƒ<aHLXWmlh^‡[+\cVhbN¯+F � ƒ&W2n � ��acM>[+\cVhbN¯ �•LNƒ&acM�acn<`<acbpVBLXW�M8LNƒ&VBL

� �Kƒ&VhM•MXW�n•LPV"LNVhMX¯°‰‹W2MNMNVBz�W;LXlsV"‚<^Nl4bpW2MoM �
�

��ª¡ƒ$W2^NW��
��


F���� acn<aHLNacVBLXW�M¡LXW2^o‰³acn<VBLNaHl�ny`&WpLXW�bpLNa l•n

['•CMXW�n&`<acn&z—Vyªqƒ<aHLXWi‚<^Nlh[�W³V�n&` ‰³VB¯$acn$z„aHLNMXW2\H©µªqƒ<aHLXWBF—r§©qVy‚<^Nl4bpW2MNM �
�

LNƒ<VBL{ƒ&l�\c`<MOLNƒ&W"LXlh¯hW2n acM

[+\cVhbN¯ � � �_ªqac\c\1MXW2L�LNƒ&WQ‚<^Nlh[�W bpl�\Hlh^�LXl [<\cVhbo¯s[�Wp©›lh^NW MXW�n&`<acn&z³LNƒ$W{‚&^olh[�WQLXl"‚<^Nl4bpW2MNM � �
� �

F¡r§©�� ��acM

ªqƒ<aHLXW��<LNƒ&WQ‚<^Nlh[�WOacMµ‚<VhMoMXW2`—J<n<boƒ<Vhn&zhW�`�FK‘¡©�LXW2^ � �‡‚+VhMNMXW2MqLNƒ&WQ‚<^Nlh[�WPLXl � �
� �

��� �‡[�W2bpl�‰‹W2M¡ª¡ƒ&aHLXWhF

‘ [+\cVhbN¯³‚&^Nl�[�Wq^NW2LNJ&^on&W2`"LXl;‚&^Nl$b“W�MNM �
�

acn<`&acb2VBLXW2MmLNƒ&VhL LNƒ&W�‚<^Nlh[�W¡‰ J<MXL [�W�b2aH^ob2J&\cVBLXW�`il�n<b“WO‰‹lh^NW��

VhM¡MXl�‰;W lh©8LNƒ&WO‚<^Nl$b“W�MNMXW2M¡‰³V�• MNLNac\H\�[�WOVhb“LNaH±�WBFKrtnsLNƒ<acMµb2VhMXW � ���Pªqac\c\ �+^oMXLq‰‹VB¯hW{aHLNMXW2\H©8ªqƒ<aHLXW��+Vhn<`

LNƒ&W2n°LX^oVhn<MN‰³a LPVhn&lhLNƒ&W2^Oªqƒ<aHLXW ‚<^Nlh[�WhF 	¡‚�l�n„^oW2bpW2aH‚<L•lh© V"ª¡ƒ&aHLXW;‚<^Nlh[�W ��V"ª¡ƒ<a LXW �
�

ªqac\c\8`&W2b2\cVB^NW

LXWp^o‰³acn<VBLNaHl�n�F

Z'F���� � ����� �#"%� �>��$��!"

ˆµƒ&W³ac‰;‚+\HW�‰;W�n•LNVhaHl�n„‚<^Nl�±4ac`&W2M•LNƒ&W³J&MNWp^Pª¡aHLXƒ„^Nl�J&LNacn&W2M•LNƒ<VBLQb2Vhn [�W;J<MXW�`„LXlyMXLNVB^NLPLNƒ&W‹`&WpLXW�bpLNa l•n

lh©8LXWp^o‰³acn<VBLNaHl�n lh©�V;`<acMXLX^oaH[+J&LXW2`ib“l�‰‹‚+J&LNVBLNaHl�n�F�ˆqƒ&W�LXW2^o‰³acn&VBLNaHl•ns`$W2LXW�b“LNaHl�ns‚<^NlhLXl$b“l�\�acM MNJ&‚�W2^oac‰{¦

‚�l�MXW�`sl�nsLNƒ&WQVB‚<‚+\cacbpVBLNaHl�n�F

�›a �

.���%<�����m!4�B3 �s!•��!4�h� �  

acM�b2Vh\c\HW2`„['•—LNƒ&W;‚&^ol4bpW2MNM ���QLXl’MXLNVB^NL•LNƒ&W LXW2^o‰‹acn<VBLNaHl�n°`&WpLXW�b“LNaHl�n°‚<^NlB¦



ShZ

LXl4bpl�\ F ˆµƒ<acM ^NW�MNJ<\HLNM;acn LNƒ$WsLX^ŠVhn&Mo‰‹acMNMNaHl�nCl�©¡LNƒ&W’‚<^Nlh[�Ws‰‹W�MNMNVBzhW—VhM³`&W2MNbp^oaH[�W�` acn LNƒ&Ws‚<^NWp±$aHl�J<M

MXW2bpLNaHl�n�F
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acM³acn•±hl�¯hW2`)['• V ‚<^Nl4bpW�MNM;LXl boƒ<Vhn&zhW„aHLNM‹MXLNVBLXW„LXlC‚<V�MNMNaH±hWBF ˆqƒ<acM

^Nl�J&LNacn&WOaHn&©�l�^o‰‹M LNƒ$WQMoJ$[+\cV�•hW2^µlh©8LNƒ&WQboƒ<Vhn&zhWQacnsMXLNVBLXWhF

�›acaca �§ˆµƒ&WP^Nl�J&LNacn&W

3y/��•#��+0�! �  

acMµb2Vh\c\HW�`’['• LNƒ&W VB‚<‚+\cacbpVhLNaHl�ns\cV2•�Wp^�lh©_V³‚&^Nl$b“W�MNMqLXliacn&©�l�^o‰ LNƒ$W{MNJ$[&¦

\cV�•hWp^qLNƒ<VBL LNƒ&W•‚&^Nl$b“W�MNMNacn&z{ƒ<VhMK[�WpW�n b“l�‰‹‚+\HWpLXW�`�F_ˆqƒ$W•VB‚<‚+\cacbpVBLNaHl�n \cV�•hW2^µacMmLNƒ&W�n LXWp^Š‰‹acn<VBLXW�`�F_ˆµƒ&W

b“l�n<n&W�b“LNaHl�n„LXl LNƒ&W{MNJ&[+\HV�•hW2^•acM¡b2\Hl�MXW�`yLXl"‚<^NWp±�W2n'L•V�n••’¯$acn&`—lh©�b“l�‰³‰ J<n<acb2VBLNaHl�n—[�W2LAª WpW�n„LNƒ&W L ªml

\cV�•hWp^oMpF

�›aH±%� � ƒ&W�n’LXW2^o‰‹acn<VBLNaHl�nsl�©�LNƒ&WQ`<acMXLX^oaH[+J&LXW2`sMX•$MXLXW�‰ŽacM ��n<Vh\c\H•"`$W2LXW�b“LXW�` ��W�Vhboƒ—‚<^Nl$b“W�MNM¡`&J<‰‹‚+MKLNƒ&W

MXW��4J&W2n<bpW lh©‡LNƒ&W ^NW�b“lh^o`&W�`—‚<^Nl4bpW�MNM¡V�n&`—‚&^olh[�W bpl�\Hlh^oM¡LXl"V³‚<^NW�`$W
��n&W2`+��\HWhFqˆµƒ<acM �+\HWOª¡ac\c\�‚<^Nl�±4ac`&W

LNƒ&W MXLNJ<`$W�n•LNM�V³zhl4l4`—z•J&ac`&WOlh©‡ƒ&l�ª7LNƒ$W{`$W2LXW�b“LNaHl�n°Vh\Hzhlh^oaHLNƒ<‰¨ª VhM¡Wp†4W�bpJ&LXW2`„Vhn<`—LNƒ&W MXW	�'J&W�n&bpWQlh©

b“l�\Hl�^¡boƒ<Vhn&zhW�MµLNƒ<VBLql4b2bpJ&^N^NW�`’`<J&^oacn&z LNƒ&WPW“†$W2b2J$LNaHl•n�F

��±%�‡r§©1V ‚<^Nl4bpW2MNMmacM_‚+VhMNMoaH±hWqª¡ƒ&W2niLXWp^Š‰‹acn<VBLNaHl�niacMm`&WpLXW�b“LXW�` Vhb2b“lh^o`<acn&z LXl{LNƒ$W¡‚<^NlhLXl4bpl�\�`&W�MNb“^oaH‚<LNaHl�n*�

LNƒ&WQVB‚<‚<\cacb2VBLNaHl�ns\cV�•hW2^qacMKLXW2^o‰³acn<VBLXW2`s[4• V
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�����

MNaHz�n<Vh\ F

��±4a �

-

J&^µLXl4l�\1ª¡ac\c\�[�WO^oJ<n<n<acn$z‹`<acMXLX^oaH[<J&LXW�` b“l�‰‹‚+J&LNVBLNaHl�n<MpFµˆµƒ&Wp^oWOª VhM�V‹n&W2W2`yLXli`&W2LXW2bpL�LXƒ&WOLXW2^X¦

‰‹acn<VBLNaHl�n’lh©�V�n••sMNJ<boƒ’bpl�‰‹‚<J&LNVBLNaHl�n�F ˆµƒ&WOLXW2^o‰‹acn<VBLNaHl�n—`$W2LXW2bpLNaHl�n’‚<^NlhLXl$b“l�\>`&W2MNbp^oaH[�W�` VB[�l�±hW ª VhM

J<MXW2`C©�l�^ LNƒ<acMQ‚+J&^N‚�l�MXWhFsr§L{acM MNLNVB^NLXW2` [4• ‚&^Nl$b“W�MNM �
�

VB©�LXW2^;aHL zhW2LNM{V„‰;W�MNMNVBzhW ©›^Nl�‰ LNƒ$W"bpl�n•LX^Nl�\

‚<^Nl4bpW2MNMµLNƒ<VBLqVh\c\�LNƒ$WO‚<^Nl$b“W�MNMXW�Mµƒ<V�±hWQ[�W2W2nsacn<aHLNacVh\caHu2W2`�F

E$F���"%� �#� �
���&$��!"�� $6�"�2���%��)�
 ��� � �(�#�

-

n<b“WK‚&^Nl$b“W�MNM �
��^oW2bpW2aH±hW�M�LNƒ$Wµ‰;W�MNMNVBzhWK©�^Nl�‰7LNƒ&WKbpl�n•LX^Nl•\4‚<^Nl$b“W�MNM�LNƒ<VBL‡Vh\c\'LNƒ$WK‚&^ol4bpW2MNMXW�M�ƒ&V�±hWµ[�WpW�n

acn<aHLNaHV�\ca u2W�` � �
�Oacn'±hlh¯hW�MqLNƒ&WQ^Nl�J&LNacn&W

.���%<��� �m!'�B3 �s!'��!4�h���� 

LXl"acn&©�lh^o‰¨aHLNMqMNJ&[<\cV�•hW2^qLXliLX^oVhn<MN‰³aHLqV

ªqƒ<aHLXWQ‚<^Nlh[�W���V�n&`„boƒ<Vhn&zhW LNƒ&W ‚<^Nl$b“W�MNM¡bpl�\Hlh^�LXl"ªqƒ<aHLXWhF¡ˆµƒ&WQ‚<^NlhLXl$b“l�\>W“†$W2b2J&LNaHl�n„acMqLNƒ'J<M�MXLNVB^NLXW�`�F

Œ•J$^Šacn$zqLNƒ&Wmb“l�‰‹‚+J&LNVBLNaHl�n*�haH©'LNƒ&W�^Nl•J$LNacn&W_LXl•boƒ<Vhn&zhWmLNƒ&WmMXLNVBLXWmlh©&LNƒ&W�‚<^Nl4bpW2MNM�©�^Nl�‰7VhbpLNaH±hWmLXl¡‚+VhMNMNaH±hW
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acM"acn•±hlh¯hW�`*�qLNƒ&W„MNJ&[+\cV2•�Wp^ ‰³VB¯hW2M’V n$lhLXW„lh©OLNƒ<acMiboƒ<Vhn$z�WBF ��ƒ$W�n�V `&VhLNV ‰;W�MNMNVBzhW acM‹^NW�bpW2aH±hW�`*�

LNƒ&W—MNJ&[+\HV�•hW2^‹bŠƒ&V�n$zhW�MiLNƒ&W’MXLNVBLXW—lh©•V ‚+VhMNMNaH±hWs‚<^Nl$b“W�MNM;LXlCVhbpLNaH±hW �Kª¡ƒ<aH\HW"LNƒ&W—MXLNVhLtW—lh©PVhn VhbpLNaH±hW

‚<^Nl4bpW2MNM{acMQ\HWp©�L{J&n<boƒ<Vhn&zhW�`�F’r§L V�\HMNly‰³VB¯hW2M;V—n&lhLXW"lh©KLNƒ&W MXLNVBLXW boƒ<Vhn&zhW"ªqƒ&W�n aHLQacMQacn&©�lh^o‰‹W2` lh©

LNƒ&W¡LXW2^o‰³acn&VBLNaHl•n³l�©1LNƒ&W�Vh‚&‚+\cacb2VBLNaHl�n³‚&^Nl$b“W�MNMpF‡…_±�Wp^N•³LNac‰;W�V `<VBLNV;‰;W�MNMNVBzhWPacM�MXW�n•LK['•‹LNƒ$W�‚<^Nl4bpW2MoM
�

LNƒ&WiMNJ&[+\cV�•hWp^{boƒ<Vhn&zhW2M{LNƒ$W"bpl�\Hlh^ lh©KLNƒ$Wi‚<^Nl$b“W�MNMOLXly[+\cVhbN¯�F � ƒ&W2n LNƒ&Wi‚<^Nlh[�W³acMO^NW2bpW2aH±�W2`C[4•°LNƒ&W

MNJ&[+\HV�•hW2^��+aHL �+^oMXLµboƒ&W�bN¯4M�LNƒ&WQMXLNVBLXWQl�©8LNƒ&WO‚<^Nl4bpW�MNMpF_r§©‡Vhb“LNaH±hW��+LNƒ&WQMNJ&[+\cV�•hWp^¡¯hW2Wp‚+MqLNƒ$WO‚<^Nlh[�WOJ&n'LNac\

LNƒ&W"Vh‚&‚+\cacb2VBLNaHl�n \cV�•hWp^‹n$l�LNa �+W�M LNƒ&W MNJ&[+\cV2•hW2^ lh©�VybŠƒ&V�n$z�WsaHnC‚<^Nl$b“W�MNM{MNLNVBLXW LXl„W�aHLNƒ$W2^ ‚+VhMNMNaH±hW"lh^

LXWp^o‰³acn<VBLXW2`�FQr§©�LNƒ&W{‚<^Nl4bpW2MNM•acM�‚+VhMNMNaH±hW;lh^Oƒ<VhM�LXWp^o‰³acn<VBLXW2`*�1LNƒ&W;MNJ&[+\cV2•�Wp^ �+^oMXL•boƒ<Vhn&zhW2MPLNƒ&W‹b“l�\Hlh^

lh©µLNƒ&Wi‚<^Nlh[�WiVhbpbplh^o`<acn&z—LXlyLNƒ&Wi^oJ<\HW2M � S�� ��LX^oVhn<MN‰³aHLXMQLNƒ$Wi‚<^Nlh[�W��‡Vhn<` LNƒ&W2n bŠƒ&Vhn&zhW�M LNƒ&Wi‚<^Nl4bpW2MNM

b“l�\Hl�^µLXl³ªqƒ<aHLXWBF�ˆµƒ&WPMNJ&[+\cV2•�Wp^µ¯hWpW2‚+MµLX^oVhbo¯ lh©>LNƒ&WP‚<^Nl4bpW2MoMµbpl�\Hlh^qboƒ<Vhn&zhW�M
�+VhMµªmW�\c\�VhMKLNƒ&WO^NW�bpW2aH±hW�`

Vhn<` MXW2n'LQ‚<^Nlh[�Wib“l�\Hl�^2F—ˆqƒ&W‹^Nl•J$LNacn&W�MQJ<MXW2` ©�l�^ ¯hWpW2‚+acn&z—LX^oVhbN¯ lh©µLNƒ$Wi‚<^Nlh[�WiVhn<` ‚<^Nl4bpW2MNM{b“l�\Hlh^oM
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^NW2MN‚�W2bpLNaH±hW2\H•hF�]_^ol4bpW2MNM �
�P`&W2LtW�bpLNMµLNƒ&W•LXWp^o‰³acn<VBLNaHl�n lh©8LNƒ&WO`&acMXLX^oaH[+J&LXW�`³bpl�‰‹‚<J&LNVBLNaHl�n—VhMµ`&W�MNb“^oaH[�W�`

‚<^NWp±$aHl�J<MN\H•BF;r§©mLXW2^o‰‹acn<VBLNaHl�n acMPn&lhLQ`&WpLXW�b“LXW�`*� �
�;^NW2LX^oVhn<MN‰‹aHLNMPV ª¡ƒ<aHLXW;‚<^Nlh[�W��>VB©�LXW2^Qboƒ<Vhn&z�acn$zyaHLNM

b“l�\Hl�^mLXlQªqƒ<aHLXWhF � ƒ&W�niLXWp^o‰³acn<VBLNaHl�n‹acM���n<Vh\c\H•{`&W2LXW2bpLXW2`i[4•;‚<^Nl4bpW�MNM��
�

�$aHL�MXW2n<`<M_VQMX‚�W�bpacVh\<‰‹W2MoMNVBzhW

LXl’Vh\c\8LNƒ$W‹‚<^Nl4bpW2MoMXW2MpF

-

n°^NW2bpW2aH±$acn&ziLNƒ<acM•‰‹W2MNMNVhzhW �>LNƒ&W;MoJ$[+\cV�•hW2^•l�©�W2VhbŠƒ°‚<^Nl$b“W�MNMPbpVh\c\cM•V ^Nl•J$LNacn&W
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�$ªqƒ<acboƒiacniLNJ&^on"acn•±hlh¯hW�Mm^Nl�J&LNacn&W2MmLXl{ªq^oaHLXWqLNƒ&W�LNac‰;W�MXLNVh‰‹‚ `$W2LNVhac\cM
�4LNƒ&W�‚&^Nl�[�W“¦

‚<^Nl4bpW2MNM_bpl�\Hlh^mboƒ<Vhn&zhW�M
�4Vhn<`‹Vhn'• lhLNƒ&W2^�‚&^olhLXl4bpl�\<MX‚�W2b2a���b `<VBLNVPLXl ��\HW2M
�'VB©�LXW2^�ª¡ƒ&acboƒ;LNƒ&Wµboƒ<ac\c`;W“†&aHLNMpF

r§©�LXW2^o‰‹acn<VBLNaHl�n"acM `&W2LXW2bpLXW2`’ªqƒ&W2niLNƒ&W•‚<^Nl4bpW2MNMµacM�‚+VhMNMNaH±hW��$LNƒ&W•MoJ$[+\cV�•hW2^KMXW2n<`<M V
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ˆµƒ&WP~m•4u2Vhn'LNacn&WOVB^o‰Q•"ƒ<Vh` LXl‹`&W�bpac`&W•l�nsVhnsVBLXLNVhbo¯s‚+\cVhn `&J&^oacn&z V{ª VB^2Fmˆµƒ&W•zhW2n&W2^oVh\cMKbpl�J<\c` b“l�‰;¦
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r ©_LNƒ&W‹b“l�‰³‰³Vhn&`<acn&zizhW2n&W2^oVh\‡acM¡\Hl�•�Vh\��1LNƒ&W;\Hl�•�Vh\�zhW�n&Wp^oVh\cM�ª¡ac\c\�VBzh^NW2W‹l�n„ƒ<acM¡±BVh\cJ$W;Vhn<`ylh[�Wp•

LNƒ&WOlh^o`&Wp^¡ƒ&WPMNW2n'LpF

‘¡‚&‚+\H•$acn$zKLNƒ$WmMoa LNJ<VBLNaHl�nOLtl�`<acMXLX^oaH[+J&LXW2`PMX•$MXLXW2‰³M
��LNƒ&Wm~ •'u�Vhn•LNacn&W��TM>‚<^Nlh[+\HW2‰?[�W�b“l�‰‹W�M�l�n&W�lh©&Vhboƒ<aHW2±•¦

acn&z;V³b“l�n<MXW�n<MNJ&M2F_]_^Nl$b“W�MNMXW2Mµ[�W2z�acn"ªqaHLNƒsMXl�‰‹WQacn<aHLNacVh\+±BVh\cJ&W•V�n&`—‰ J<MXLµVBzh^oWpWOl�nsLNƒ&WOMNVh‰‹WPl�J&LX‚+J&L

±BVh\cJ&W �4`&W2MX‚+aHLXWq©›Vhac\cJ&^NW2MpF‡Œ�J&W¡LXl ©›Vhac\cJ&^NW�M
�•acn$‚+J&LNM‡LXlQ‚<^Nl4bpW�MNMXW2Mm‰³V�•;[�WqVB^N[+aHLX^oVB^N•hF �qW2VhbŠƒ&acn&z V b“l�n$¦

MXW2n<MNJ<MOacMQ`<a��"bpJ<\HLPacn V—`<acMXLX^oaH[+J$LXW�`„MN•4MXLXW�‰ �8[�W2b2VhJ<MXW³bpl�‰³‰ J<n<aHb2VBLNaHl�nCacMPl�n<\H•yLNƒ&^Nl�J&z�ƒC‰‹W2MoMNVBzhW

‚+VhMNMNacn&z��$Vhn<` aHLmacM `<a��ib2J<\HL_LXl;`&WpLXW�b“Lµb“lh^N^oW2bpLNn$W�MNM l�©�Vhnsacn&‚+J&LpF_Iml�n<MNacMXLXW�n<b“•‹±BVh\cac`&VBLNaHl•n³l�©�VQ±BVh\cJ&W

acMmn&WpW�`&W2`iVhM MXl•‰;W¡‚<^Nl4bpW2MNM ‰‹V�•³[�Wµ©›V�J&\HL • �<‰‹VB¯$acn&zQaHLm`&a��"b2J&\HL‡LXl{`&W2LXWp^o‰³acn&WqaH©1LNƒ$W¡±BVh\cJ&Wq^NW�bpW2aH±hW�`

acM‹J<n<bplh^N^oJ&‚&LXW�`�F ˆqƒ<acM;acM‹V°MNac‰‹‚+\HWsJ<n&`&W2^oMXLNVhn<`<acn$zylh©•LNƒ$W—b“l�n<MXW�n&MoJ&M‹‚<^Nlh[+\HW2‰sF ˆqƒ&W’VB[+ac\caHLA•Clh©

lh[<LNVhacn<acn$z{b“l�n<MXW�n&MoJ&Mm`&W�MX‚+aHLXWq©›V�ac\cJ$^NW�M�acM�^NW	�'J<aH^NW�`³acn"‰³Vhn••iVB‚<‚+\cacbpVBLNaHl�n<M
�4\caH¯hW¡©›VhJ<\HLt¦ LXl�\HW2^oVhn'LKbp\Hl$bN¯

MX•4n<boƒ&^Nl�n<aHu�VBLNaHl�n�F
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‘ `<acMXLX^oaH[+J&LXW2` MX•$MXLXW2‰ bpl�n<MNacMXLNacn&zylh©��6‚<^Nl4bpW�MNMXW2M³b“l•n&n&W�b“LXW�` [4• boƒ<Vhn<n$W�\cM;acM‹b“l•n&MNac`&W2^NW2`�F ˆµƒ&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 � ��ƒ&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��>ˆqƒ&WO`$W2©›VhJ<\HLK±BVh\cJ&WOacM u2W2^Nl$F

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

�°W„`&W2n&lhLXW—LNƒ&W’lh^ŠVh\q‰‹W�MNMNVBzhWyMXl�\cJ&LNaHl�n ['• ~µ€ ��¯ ��� ­�� F ²8aHz�J&^NWyR°l�J&LN\cacn&W2M‹LNƒ&W—Vh\Hzhlh^oaHLNƒ<‰ J<MXW�`

©�lh^’^NW�Vhboƒ<acn&z LNƒ&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�©qLNƒ&Ws±BVh\cJ&W"['• V„‚&^ol4bpW2MNM
��ªqƒ&W2^NW�� acM LNƒ&Wsn'J<‰ [�Wp^;lh©q© VhJ&\HL •

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

‚<^Nl4bpW2MNM
�+Vhn<`���acMµ\cacMXL lh©8‚<^Nl4bpW2MoMXW2Mqªqƒ&l³ƒ&V�±hWQn&W2±hWp^¡[<^Nl�Vh`<b2VhMXLµLNƒ&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^oaHLNƒ<‰«²&lh^�~m•'u�Vhn•LNacn&W{€�W�n&Wp^oVh\cMq‘¡zh^NWpW�‰‹W2n'L¡]_^NlhLXl$b“l•\

ˆµƒ&WP~µ€ ��� �m‚<^Nl�Ltl$b“l•\�acM Wp†4W�bpJ&LXW�`s['•iW�Vhboƒ—\caHW�J&LXW2n<Vhn•LK‚<^Nl4bpW2MNM � �8^NW2b2J&^oMNaH±hW�\H• �
k

� Fmˆµƒ&W•^NW2‰³Vhacn<acn&z

‚<^Nl4bpW2MNMXW�M �
�

��� ��� � ��� ��©�lh^o‰ V"\cacMXLqlh©‡±�V�\cJ$W�M¡LNƒ$W2•s^NW�b“W�aH±hW2`„©�^Nl�‰ Wp±hW2^N•’lhLNƒ&W2^ �
�

^NW2z�VB^o`<acn$ziLNƒ&W

±BVh\cJ&W �
�

^NW�bpW2aH±hW�` ©�^ol�‰ LNƒ&W—zhW�n&Wp^oVh\ F•‘ ‰³V�¬Nlh^oaHLA• ^NWpz�VB^Š`&acn&z LNƒ&W—±BVh\cJ&W �
�

^NW2bpW2aH±hW�` ©›^Nl�‰ LNƒ&W

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

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

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

Z'F���� � ����� �#"%� �>��$��!"

ˆµƒ&W�\cV�•hWp^oW2` Vh^oboƒ<aHLXW2bpLNJ$^oW�ªmWmƒ<V2±hWKac‰;‚+\HW�‰;W�n•LXW�`OVh\c\Hl�ªqM�LNƒ$W�bpl�n<bpJ&^N^NW�n•L>W“†$W2b2J&LNaHl�nOlh©&LNƒ&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"LNƒ&W{J<MXW2^•VB‚<‚<\cacb2VBLNaHl�n

[�W2©�lh^NW acn'±hlh¯4acn&z

3y/>�›
>��� �  

�+aH©�LNƒ&WQ‚<^NlhLXl4bpl�\>acMqLXli[�WQWp†4W�bpJ&LXW2`�F �_Vh\cJ&W acM¡V³‚�l�acn•LXW2^qLXl Vhn„acn•LXW2zhWp^

±BVB^oacVB[+\HWOªqƒ<acboƒ’LXƒ&W Vh‚&‚+\cacb2VBLNaHl�n’J<MXW2MqLXlilh[<LNVhacn’LNƒ&W VBzh^NW2W�`yJ&‚�l�ns±BVh\cJ&WhFKˆqƒ<acMK^Nl�J&LNacn&WQacn<aHLNacVh\caHupW�M

LNƒ&WQn$W�bpW2MNMNVB^o• acn'LXWp^o©›Vhb“WQV�n&` ±BVB^ŠacVB[<\HW�MKn&W2W2`&W�`s©�lh^¡LNƒ&W•‚<^NlhLXl$b“l•\�Wp†4W�bpJ&LNaHl�n�F

�›aca �{ˆqƒ&W

:

�

.�!$
�� � �$%+#›�>!" 

^Nl�J&LNacn$W—LNƒ&VhL³ªmW„ƒ<V2±hW„‚<^Nl�±4ac`&W2` LNƒ$W„J<MXWp^"b2Vhn [�Wyacn•±hlh¯hW�` l•n LNƒ&W

‚<^Nl4bpW2MNM�©�^Nl•‰ ª¡ƒ&acboƒyLNƒ&W;J<MXW2^¡ª V�n•LNM•LXl [�W2z�acn—LNƒ&W;VBz�^NWpW�‰;W�n•LP‚<^NlhLXl$b“l�\ FQˆµƒ&WQ^ol�J$LNacn&W{ªqac\c\1b2VhJ<MXW



Shw

LNƒ&Wq[<^Nl�Vh`<b2VhMXLmlh©�LNƒ&W¡±BVh\cJ&Wqlh©1LNƒ$W¡‚<^oaH±BVBLXWq±BVB^ŠacVB[<\HWqlh[<LNVhacn&W2`iVhMmV ‚<VB^ŠVh‰;W2LXWp^ LXl{Vh\c\<LNƒ&Wq‚<^Nl$b“W�MNMXW2M

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

�›acaca �µˆqƒ&W;VB‚<‚+\cacbpVBLNaHl�n°acMPMNaHz�n<Vh\c\HW2`„VhMX•$n&bŠƒ$^ol�n$l•J&MN\H•—^NWpz�VB^Š`&acn&z LNƒ&W‹bpl�‰‹‚+\ W2LNaHl�n°lh©�LNƒ&W‹VBzh^oWpW�‰;W�n•L

‚<^Nl4bpW2MNM
�‡Vhn<` LNƒ&Wi±BVh\cJ&W³VBz�^NWpW�` J&‚�l�n acMOVh\cMXlyMXW�n•LQLXl„aHLpF ˆqƒ$Wi`&Wp© VhJ<\ LQ±�V�\cJ$W³ªqƒ&W�n n$l„‰‹V�¬Xlh^oaHL •

W“†&acMXLNMµacMµupW2^Nl$F

�›aH±%�µˆµƒ&W \cacMXLqlh©_‰‹V�¬Xlh^Ša L •s±BVh\cJ&W�M
��LNƒ&W���n<Vh\�‰³V�¬Xlh^oaHL •’`&W2b2acMNaHl�n*�+Vhn<`—LNƒ&W ac`&W�n•LNa��+Wp^¡lh©‡LNƒ&WQ‚<^Nl4bpW2MNM

‰‹Vh¯4acn&z’LNƒ<VBL `&W2b2acMNaHl�n VB^NW³‚<^oacn•LXW�`°LXl„V+��\HWBF ˆµƒ&W �+\HW³LNƒ'J<MO`&W�MNb“^oaH[�W�MPª¡ƒ&VhLO±�V�\cJ$W³W�VhboƒC‚<^Nl4bpW2MNM

^NW2bpW�aH±hW2`*�>Vhn<`„ƒ&l�ª®aHLPVB^N^oaH±�W2`°VBLPLNƒ$W‹`&W2b2acMNaHl�n�FQˆqƒ&W ��\HW ª¡aH\c\8ƒ&W2\H‚„LNƒ&W‹MXLNJ<`&W2n'LNMPJ<n&`&W2^oMXLNVhn<`—LNƒ&W

W“†$W2b2J&LNaHl�n’lh©8LNƒ&WQVBzh^NW2W2‰‹W2n'Lq‚<^NlhLXl$b“l�\ F

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

ˆµƒ&WqJ&MXW2^�acn•±hl�¯hW2M_LNƒ&W¡VBzh^NWpW�‰‹W2n'L�‚&^olhLXl4bpl�\<©�lh^�VP‚<^oaH±BVBLXWK±BVh\cJ&W lh©1VP‚&^ol4bpW2MNM‡[4•{bpV�\H\cacn&z•LNƒ&Wµ^Nl•J$LNacn&W

:

�

.�!$
�� � �&%+#›�>!" 

F�ˆqƒ&acM;^Nl�J&LNacn&Wsb“l�‰³‰‹V�n&`<M³LNƒ&W—MNJ&[+\cV2•hW2^³LXlC[&^Nl•Vh`&b2VhMXL³LNƒ&W’±BVh\cJ&WsLXl Vh\c\KLNƒ&W

‚+VB^NLNacbpaH‚+VBLNacn&zs‚<^Nl4bpW2MoMXW2MpF

-

n ^NW2bpW�aH±4acn&z—Vhn VBzh^NW2W2‰‹W�n•L ‚<^NlhLXl$b“l•\m‰;W�MNMNVBzhW���LNƒ&W"MNJ&[<\cV�•hW2^ acn•±�lh¯hW2M

:

�

�i!4��!$� ��! �N
>!��"57!'0�0�%&=+!� 

Fmˆµƒ&W�^NW�b“W�aH±hW•‚&^ol4bpW2`<J&^NW•boƒ&W2bN¯$M ª¡ƒ$W2LNƒ&Wp^KLNƒ$WP‰‹W2MoMNVBzhWPacMm©�^Nl�‰ LNƒ&W

acn•LNacVBLNacn&z"‚<^Nl4bpW2MNM�lh^P©›^Nl�‰ Vhn'•—lhLNƒ&W2^•‚<^Nl$b“W�MNM
�1Vhn<`yLNVB¯hW�MPLNƒ&W;VhbpLNaHl�n Vhbpbplh^o`<acn&z�\H•BFQ…�Vhboƒ°‚<^Nl4bpW2MNM

[<^Nl�Vh`<bpVhMNLXM;aHLNMO±hW2^oMNaHl�nClh©KLNƒ&W"acn•LNacVBLXl�^ �TMQ±BVh\cJ&WBF

-

n<b“W"Vh\c\�MNJ<boƒC±BVh\cJ&W�M VB^NWi^NW2bpW�a ±�W2`*�‡`&W2‚�W2n<`<acn&z

l�n LNƒ&Wsn4J&‰ [�Wp^;lh©�‚&^Nl$b“W�MNMXW�M
��W�aHLNƒ&Wp^‹LNƒ&W �+n<Vh\K`$W�bpacMoa l•n acM{LNVB¯hW�n*� lh^;LNƒ&Ws±BVh\cJ&W2M;^NW�b“W�aH±hW2` ©›^Nl�‰

lhLNƒ&Wp^y‚&^Nl$b“W�MNMXW�M’VB^NW [<^Nl�Vh`<bpV�MXL’l�n V ^Nl�J<n<`�[+VhMNacM
��ª¡ƒ&Wp^NW LNƒ&W°^Nl•J&n<`?n'J<‰Q[�Wp^’acMsLNƒ&W ‚<^Nl4bpW2MNM

ac`&W2n'LNa��<W2^Pn'J<‰Q[�W2^•[�W2acn&z b2J$^o^NW2n'LN\H•—ƒ<Vhn<`&\HW�`�FQˆqƒ&W2MXW;[&^ol�Vh`<bpVhMXLNMOVh^NW‹‰³Vh`&W‹J<MNacn&ziLNƒ$W‹‚<^Nl4bpW2`<J&^NW

:

�

.�!$
�� � �8������!40�0��›�

�

%+
���#�!4� � �$%+#›�>!" 

F�ˆqƒ&WP±BVh\cJ$W�Mµ^NW2bpW2aH±hW�`’VB^NWQbpl�\c\HW�b“LXW�` ��Vhn<`sLNƒ&WQ‰‹V�¬Xlh^oaHL •

©�lh^�W2VhbŠƒ{‚<^Nl$b“W�MNM>acM>©�l�J<n<`QJ<MNacn&zµLNƒ&Wm‚<^Nl4bpW�`&J&^NW

•¡�›
>�857%4g��<�B���Š/��  

F�‘q©›LXWp^‡Vh\c\•MNJ<boƒ;‰‹V�¬Xlh^ŠaHLA•O±BVh\cJ&W�M

VB^NWKl�[&LNVhacn&W�`*��V ��n<Vh\4‰³V�¬Xlh^oaHL •{acM�bpVh\cb2J<\cVBLXW2`�F‡ˆqƒ&WKMNJ&[+\cV2•�Wp^‡LNƒ&W2n‹MNaHz�n<Vh\cM8LNƒ$WqVB‚<‚<\cacb2VBLNaHl�n LNƒ<VBL‡LNƒ&W

VBzh^NW2W2‰‹W2n'L•ƒ&V�Mµ[�W2W2n’^NW2VhbŠƒ$W�`*��Vhn<`s‚<^Nl�±4ac`&W�MKLNƒ&WQVB‚<‚+\cacbpVBLNaHl�n’\cV2•hW2^�LNƒ$WQ±�V�\cJ$WPª¡ƒ<acboƒ’acMµMNLXlh^NW2`—['•



Sh­

LNƒ&W³MNaHz�n<Vh\‡ƒ<Vhn<`<\HWp^•^Nl�J&LNacn&W‹acn°LNƒ&W;‚�l�acn'LXWp^P‚<^NW2±4aHl�J<MN\H•’‚<^Nl�±$ac`$W�`°['•

.1!•� �s!4�•��0�����
>�2
>�8�›��%&���+�!�  

F

ˆµƒ&W acn•LXW2^N^oJ&‚<L

.1�

���

.1�s�

V�n&` V°`&W2`<acb2VBLXW2` ‚+aH‚�W"acn•LXW2^N©›VhbpWsƒ<V2±�Ws[�WpW�n J<MXW2` ©›lh^{LNƒ<acMQ‚+J&^N‚�l�MXWhF

~mW2©�lh^NW„MNW2n<`<acn$z LNƒ&WyMNaHz•n&Vh\��KLNƒ&W
��n<Vh\¡‰‹V�¬Xlh^oaHL • ±BVh\cJ&WyVhMiªmW�\c\¡VhMiLNƒ$W°VB^N^oV�• lh©O±BVh\cJ&W�M³J<MXW�` LXl

bpVh\cb2J<\cVBLXWOLNƒ<acMK‰³V�¬Nlh^oaHLA•sVh\Hl•n$z‹ªqaHLNƒ LNƒ&WO‚<^Nl$b“W�MNMµac`&W�n•LNa��+Wp^µVB^NWO‚<^oacn•LXW�` LXl³V ��\HWBF

�

¢

¤

�

¤{¥

� � �

¥��

� W{ƒ<V�±hW LX^oaHW�`sLXl ac‰;‚+\HW�‰;W�n•LqV³bpl�‰‹‚&^oW2ƒ&W2n<MNaH±hWQMN•4MXLXW�‰ŽLNƒ<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 LNƒ<VBL ªqac\c\_acn<b“^NW�VhMXWiLNƒ&WiJ&LNac\caHL •„lh©

LNƒ<acM LXl4l�\ F�ˆqƒ$WP±BVB^Ša l•J&MKW2n<ƒ<Vhn<b“W�‰‹W2n'LNMµLNƒ<VBL¡bpVhn—[�WPac‰;‚+\HW2‰‹W�n•LXW�`sVB^NWQ`&W2MNbp^oaH[�W�`"[�W2\Hl�ªOF

�

‘�`&`’lhLNƒ$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

�

ˆµƒ&WQac‰‹‚+\HW2‰‹W2n'LNVBLNaHl�nslh©mIKƒ&Vhn<`&•�� ��V�‰;‚�lh^oL�� M¡MNn<VB‚+MNƒ&lhLK‚<^NlhLXl$b“l�\8b2Vhn’[�WOWp†4LXW�n<`$W�`—LXl"‰³VB¯hWQ‚<^NlB¦

±4acMNaHl�n ©›lh^q‰{J&\HLNaH‚+\HW•MNn<VB‚+MNƒ$l�LNMpF

�

ˆµƒ&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¡aHLNƒ’acn•LXW2zhWp^

±BVh\cJ&W2MqVhn<`’bpVhn’[�WPW“†$LXW2n<`&W2`—ªqaHLNƒsMXl•‰;WO‰‹l4`<a���bpVBLNaHl�n<MKLXl³ƒ<Vhn<`<\HW•lhLNƒ&Wp^�`&VhLNV;L •'‚�W�MqVh\cMXl$F

�

�°W ƒ<V�±hW°b2J&^N^NW2n'LN\H• ac‰‹‚<\HW�‰‹W2n'LXW2`)LNƒ$W°~m•4u2Vhn'LNacn$W €�W�n$W2^oVh\cM Vh\Hzhlh^oaHLNƒ<‰ ªqaHLNƒ)LNƒ$W°bpV�MXW2M lh©O©›l�J&^

Vhn<`°MXW2±hW�n„‚<^Nl$b“W�MNMXW�MpF ˆqƒ&W2MXW‹bpVhMNW2MOVB^NW;LNƒ&W{l�n&W2M•ª¡ƒ<acboƒ„Vh^NW‹bpl�±�Wp^NW�` acn„b2\cVhMNMpF ˆµƒ&W;bpl4`&W;b2Vhn [�W

W“†$LXW2n<`&W�`’LXl³bpl�±hWp^•‰‹lh^NWOb2VhMXW2M
��aH©>n&W2W2`s[�W �&ª¡aHLNƒsMXl�‰‹WQ‰;l$`<a��+b2VBLNaHl�n<MpF

�

ˆµƒ&Wµl�J$LX‚+J&L_^NW�MNJ&\HLNM‡MXW�n•L_LXlQLNƒ&W ��\ W�M‡bpV�n‹[�Wq`<acMX‚<\cV�•hW�`³aHn‹V € 	¡r�©�lh^o‰³VBL_©�lh^�W�VhMNaHWp^�acn'LXWp^N‚<^NW2LNVBLNaHl�n�F

�

ˆµac‰‹W“¦ MX‚+Vhb“WO`<acVBzh^oV�‰‹MqbpVhn—[�WPb“^NW�VBLXW�`yJ<MNacn&z LNƒ&W ��Vh‰‹‚�lh^NLµ\Hlhz�acbpV�\1Vhn<`s±hW�b“LXlh^�LNac‰‹W2MXLNVh‰‹‚’±BVh\cJ&W�M

LNƒ<VBLqVB^NW MXLXlh^NW2`’LXl ��\HWhF



ZB}

�

�����

�

�

¤

	

ž

���{	

��aHLNƒiLNƒ&WPacn<b“^oW2VhMNacn&z J<MXW�lh©>n&W2LAª lh^N¯4M
�<`&acMXLX^oaH[+J&LXW�`³VB‚<‚+\cacbpVhLNaHl�n&M VB^NW•z�Vhacn<acn$z{ac‰;‚�lh^oLNVhn&bpWhF‡ˆµƒ&W•MXLNJ<`&W2n'L

bpl�‰‹‰{J&n<aHL •Cªqƒ<acboƒCLNVB¯hW�Mib“l�J&^oMXW�M{acn `<acMXLX^oaH[+J&LXW2`CMX•$MXLXW2‰³M‹acM ©�^Nl�‰ V„±BVB^oaHW�` [<V�bN¯'zh^Nl•J&n<`�FCx„Vhn•• ��n<`

aHLP`<a��ib2J<\HLqLXl’J<n<`&Wp^oMXLNVhn<`yLNƒ$W‹ac‰;‚+\cacb2VBLNaHl�n<M¡V�n&`°acMNMNJ&W2M�©›V�b“W�`°ª¡ƒ<ac\HW ac‰;‚+\HW�‰;W�n•LNacn&z"MNJ<boƒ°VB‚&‚+\cacb2VBLNaHl�n<MpF

ˆqƒ$W;‚<^NlhLXl4bpl�\cMOVhn<`„LNƒ&W³‰;W�MNMNVBzhW³‚+VhMNMNacn&z"^Nl�J&LNacn$W�M•ªmW³ƒ<V2±hWiac‰‹‚<\HW�‰‹W2n'LXW2`°VhMOV ‚+VB^NLPlh©ml�J&^PLXl4l�\8©›lh^o‰

V³[+VhMNacbP©�l�J<n<`&VhLNaHl�ns©�lh^¡LNƒ&W J<n&`&W2^oMXLNVhn<`<acn$z;lh©_`<aHMNLX^oaH[<J&LXW�` b“l�‰‹‚+J&LNVBLNaHl�n<MpFµˆµƒ<acMK‚<^Nl�¬XW�b“L¡ªqac\c\�‚<^Nl�±$ac`$WQV

±hW2^N•—J<MXWp© J&\�LXl'l�\��1n&lhL�l�n<\H•s©�lh^•LNƒ&W ‚<^Nlh©�W�MNMXlh^�LXl LXW2VhbŠƒ �1[+J&L¡V�\HMNli©›lh^•LNƒ$W;MXLNJ<`$W�n•LNM•J<MXWQLXlsƒ&W�\H‚yacn—LNƒ&W�aH^

J<n<`$W2^oMXLNVhn<`<acn&z lh©µ`<acMXLX^oaH[+J&LXW2` MX•4MXLXW�‰ b“l�n<bpWp‚<LNMpFyr§LQª¡ac\H\�W�n<VB[+\HW‹LNƒ&W MXLNJ<`$W�n•LNMQLXly±$acMNJ&V�\HaHu2W‹LXƒ&W"acMNMNJ&W�M

^NW�\cVBLXW2` LXl `<acMXLX^oaH[+J&LXW2`CVB‚<‚+\cacbpVBLNaHl�n ‚&^olhzh^oVh‰³‰‹acn&z$F ˆµƒ&W ‚<^NlhLXl4bpl�\ Wp†4W�b2J$LNaHl�n `<J&‰‹‚+M{Vhn<` LNƒ&W LNac‰³acn&z

acn&©�lh^o‰³VBLNaHl�n’ª¡ac\c\1ƒ&W2\H‚yLNƒ$W�‰ bplh^N^NW�\cVBLXW LXl"LNƒ&W{‰³VBLXWp^ŠaHV�\>bpl�±hWp^NW�` acn—bp\cV�MNMpF�ˆµƒ4J<M
�+ªmW‹b“l�n<b2\cJ<`$W LNƒ&VBL�LNƒ&W

LXl'l•\�ªmWQƒ<V�±hW ac‰‹‚<\HW�‰‹W2n'LXW2` ª¡ac\c\+[�WOƒ<aHz�ƒ&\H•iJ<MXWp© J&\�©�lh^¡`&acMXLX^oaH[+J&LXW�` MX•4MXLXW�‰¨b“l�J&^oMXWQMNLNJ&`&•hF



Z4G

�

�_ ��

¥

���

�

�_	

� G	���;FTxCF�IKƒ&V�n&`&•PVhn<` �_F���V�‰;‚�lh^oLpF'Œ•acMXLX^oaH[+J&LXW�`OMNn<VB‚<Moƒ$lhLNM�.�Œ�W2LXWp^o‰³acn<acn&zµz�\Hlh[+Vh\4MXLNVBLXW2M8lh©+`<acMXLX^oaH[+J&LXW2`

MX•$MXLXW2‰³MpF

A

� ���%� �!"�)��
���&$ �!"�) �!" � �
� �%
,���#� ��� )$� ��� )#��Z%�§G ��.•RhZ��&e k ��G�­hw k F

� S �{…µF&Œ•a ¬X¯$MXLX^oV/� �7F<²&W�a ¬XW2n*�<Vhn<`s‘QF&±BVhn—€PVhMXLXWp^NW�n�F_Œ�W2^oaH±�VhLNaHl�n lh©8V;LXW2^o‰‹acn<VBLNaHl�n `&W2LtW�bpLNaHl�n’Vh\Hzhlh^oaHLNƒ<‰

©�l�^q`<acMXLX^oaH[+J&LXW2`"bpl�‰;‚+J&LNVBLNaHl�n<MpF ��" ��� � � �:�&$��!" � ��� ����)?)�$ "/' � ��� � �#�?)��8G�R(.•S4G�e��4S$G�­(�_G�­hwhZ'F

� Z ���QF ��VB¯$aHW2\cV4F$]8W2^N©�lh^o‰³Vhn<b“Wm±$acMNJ<Vh\caHu2VBLNaHl�nQlh©+V¡`<acMXLX^oaH[+J&LXW2`OMX•$MXLXW�‰ .8‘ bpVhMXWµMXLNJ<`$•hF����	�	�
��� �!"�)�� ����$��!"�)

�!" � � � �%
�� �#�?)#��Shw%�§GhG!��.TZB}��4ZhR(��G�­h­ k F

� E�� �_F �>Vh‰‹‚�lh^NLpF<ˆqac‰;W���b2\Hl4bo¯4M
�'Vhn<` LNƒ&Wµlh^o`&Wp^oacn&z¡lh©�Wp±hW�n•LNM_acn;VP`&acMXLX^Ša [+J&LXW�`QMX•4MXLXW�‰sF � � � � 
�" $ ���>��$��!"�)

� �+�"�%�

A

� � �<S4G � e���. khk w�� k R k ��G�­�eBw'F

� k � �_F ��Vh‰‹‚�lh^NL
� �OF<U$ƒ&l�MXLNVB¯ �&Vhn<` x F&]8W2V�MXWBF‡ˆqƒ&W�~ •'u�Vhn•LNacn&WQ€�W�n$W2^oVh\cMm‚<^Nlh[+\HW�‰ F

A

� ����� �!"�)�� ����$��!"�)

�!" � ��� ' � �
� ��$ "/'�� �!"/':
 ��'/��)��!"
� ��� )$� ��� )��+E�.•Zhw�S��•E�}$G �‡G�­hwhS'F

� R �{x„acn&V�M ��Vh‰‹‚<^Nl�JCVhn<` r l•Vhn<n&acMQ]mMNVB^oVB¯4acMpF�
 $*)�
 �!� $��	�>��$��!"�� � � �!"
��� ��$�� ��� � $ )$�&��$ ��
�� ���

A

� '��!�#$6��� � ) �

� $ ����� #���Fmƒ•LXLX‚ . 
 
�ªµªqªPFTb2MpF [+ƒ&Vh‰sFTVhbBF J&¯ 
�LXW2VhbŠƒ&acn&z 
�Wp†$V�‰;‚+\HW�M 
�MNac‰¡¬oV2±BV 
(�1SB}h}�}4F

� e �{²&^oaHW�`$W�‰³Vhn<n‹x„VBLXLXWp^on�F �•aH^NLNJ<Vh\&LNac‰;W¡Vhn<`‹z�\Hl�[<Vh\+MXLNVhLXW2M�lh©�`&acMXLX^ŠaH[<J&LXW�`{MX•$MXLXW2‰³MpF1rtn³xCF&Iml�MNn<VB^o`‹W2LpF

Vh\ F �4W�`<aHLtl�^�� � �!� �!� ���#� �!"
� � $ )$�&��$ ��
�� ���

A

� '��!�#$6��� � )�� � ��� �������!$&"('>)�� ����� � ��" ���#��" �>�&$ �!" �!��� �!� ��)�� � ��� "

� � � � � � �#� �!"
� � $ )$�&�#$ �$
,�����

A

� '��!��$6�"� � )#�+‚+VBzhW�M¡S4G
k

�4ShShR'F1…�\cMXWp±$aHWp^�U$bpaHW�n&bpWO]�J&[+\cacMNƒ$W2^oMm~�F � F��>G�­hwh­'F

� w �{]�VB^oMNacMqn&WpL ªmlh^N¯ LXl4l�\cMpF ��$�� � � ��F ƒ•LXLX‚ . 
 
�ªµªqªPF †&MXE�Vh\c\ FTn<\ 
Qƒ&l�J&LX^oaHWpL 
 ��SB}h}h}4F

� ­ �{ˆPF �hl�ƒ<n<MXl�n �OF•IKƒ&l�ªPF � $ )$�&�#$ ��
�� ����� �%�#� �>�&$&"(' ��� )$� ��� )��!"
�

A

� '��!��$6�"� � )“F�‘�`<`<aHMNl�n4¦ � W2MN\HW2• �>G�­h­�e•F

� G2}��‹€ F �¡acbpVB^oLPV�n&` ‘QF��;F>‘qzh^ŠV2ªKVh\cV4F³‘�n°lh‚<LNac‰³Vh\‡Vh\Hzhlh^oaHLNƒ<‰ ©›lh^O‰ J&LNJ<Vh\‡W“†&bp\cJ<MNaHl�n°acn°bpl�‰‹‚<J&LXW2^On$W2Lt¦

ªml�^N¯4MpF � �
� � 
�"%$ ���>�&$ �!"�) � �+��� �

A

� � ��S�E �§G ��.•­��+G�e �‡G�­hw4GBF

� GhG	� �OF U$boƒ•ª VB^ou³Vhn<` ²mF x„VBLXLXW2^on�FsŒ�WpLXW�b“LNacn&zyV—bpVhJ<MNVh\‡^NW�\cVBLNaHl�n<MNƒ<aH‚<M•acn `<acMXLX^oaH[+J$LXW�`„bpl�‰‹‚+J$LNVBLNaHl•n&M
.Qrtn

MXW�VB^oboƒ—lh©>LNƒ&WQƒ&l�\H•izh^oVhac\ F+� �
� � 
�"%$ ���>�&$ �!"�) � �+��� �

A

� � ��G�­%�
k

��.•S�eB­��4Shw
k

��G�­•eBR'F

� G�S ��� l�\H©�z�Vhn&z U$boƒ&^NW�acn$W2^2F �

A��

��� ��� � �!$6� � �!� ��$*)$�&�#$ �$
,�����

A

� '��!��$6�"� � ) � $ ��
/� �>�&$ �!" $&"

�

�># �BF

ƒ'LXLX‚*. 
 
�ªµªqªPF ^oacMNbBF J<n<a ¦A\cacn&uhFTVhb�FTVBL 
�MXlh©›LAª Vh^NW 
�`<V�¬ 
 ��SB}h}h}4F


