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� k�L$q'JMPdq J 	Iox|�HKLÇ{OPRQ�}6fb}a|MJMPdl��¢k 	3f
	!ox|!s�|M}a|MJMPdl J�g�sUJ�sOixixL��7|1qhL �rPd|1oxq�J�ghP*|�}b|MJMPdl.JML �rox|�HKLÇ{OPRQ
HKL$q'JMPdq JIm�nhN#ixox|�ghP��²Nb}zLOJ�ghPRQYqhL �hPd|R¼+k 	YfaPd|+sUQ/P�sOq Pd|�|MPdq'J�oxsOiïHKL$l�m,L$qhPdq J+LOj�l sOq'} �rox|�JMQ/opN�nhJMP��
sUmrm�i¶oxHRsUJ�opL$qr|zoxq�HRixn��roxqru
�7o �rP �~sUQ�Pds[|MPRQ�{aoxHKP �rox|/HKL°{OPRQ�} |M}a|MJMPdl |R�Ym,PRPRQ��¢JML
�¢m,PRPRQ�� � S � 	 |M}b|�JMPdl |R�
sOq��²|MPdqr|�LOQ�qhPRJ���LOQ�¸a|R¼ �*L���PR{OPRQd�rP��hox|MJ�oxqhu�sUmrm�i¶oxHRsUJ�opL$qr|�grsd{OP ��o���HRnripJ�oxPd|1oxq6sOH/g�opPR{bo¶qhu�N	LOJ�g6Q/o¶H/g
|MPdsUQ/H�grsUN�oxi¶opJ~} sOq�� uOL'L � |�HRsOi¶sUN�oxixopJã}O¼�¹rLOQ�P��hsOl�m�ipPO�ÃsUm�m�ixoxHRsUJ�opL$q�|*N#nroxipJ �ropQ�PdHKJ�ix} L$qEJMLOm LOj 	Iox| �
JMQ/opN#nhJMP�� �*sO|�g Â­sUN�ixPd|�� 	 �*Â�|�	&sUQ�P3|�HRsOixsUN#ipPYN�nhJ&L$qrip}6sOixipL�� P��asOHKJ*qrsOl�P3ipLbLO¸bnrm
¼ � PRPRQ �¢JML
�¢m	PRPRQ
�#ipP�|�grsUQ/oxqru |M}a|MJMPdl |�|�nrH�g sO|�¿IqbnhJMPdixixswsOq�����s ¾,s � �ïL$q J�ghP�LOJ�grPRQ�g�sOq��8�ïL��	PRQ�|MPdsUQ/H�groxqhu HRs��
m�sUN�o¶ixopJ~}O�,N�nrJ*J�ghPdoxQ��#L'L �roxqhu
�¢N#sO|MP�� |MPdsUQ/H/g�oxqhuzl�PdH/g�sOqrox|�l �hLbPd|YqhLOJY|�HRsOipP��7oxJ�gwJ�grP�qbnrl�N,PRQ+LOj
� nhPRQ/opPd|R¼

À£q J�gro¶|�J�ghPd|�o¶|R����P�m�Q�Pd|MPdq'J7J�ghP �hPd|�opu$q
�#oxl�m#ipPdl�Pdq'J�sUJ�opL$q sOq��wPR{UsOixnrsUJ�opL$qwLOj�s���ox|MJMQ/opN#nhJMP�� k 	3f
J�grsUJzl�PRPRJ�|zJ�grP |/HRsOixsUN�oxixoxJ~} sOq�� |MPdsUQ/H�grsUN�oxi¶opJ~} Q/P � nroxQ�Pdl�Pdq'J�|6|/oxl�n�ipJ�sOqhPRL$nr|�ix}O¼��7L �hPd|²oxq J�ghP
k 	3f LOQ�u$sOqro �RP6J�ghPdl |MPdix{OPd|�oxq'JML sw|MJMQ�nrHKJ�nhQ�P�� � S � L°{OPRQ�ixsd}(qhPRJ���LOQ�¸ oxq s ��ox|MJMQ/opN#nhJMP�� j�sO|/gropL$q
nr|�o¶qhu�s 	 �+ÂY¼,Â�ghP�k 	Yf |�nhm�m	LOQ/J�|tJ�ghP�|MPdsUQ/H/g LOj�groxu$grip} �h}bq�sOl oxH3HKL$q'JMPdq J�|IQ/PRmrQ�Pd|MPdq'JMP��wn�|�oxqhu
s��hPd|�HKQ/opm�J�op{OP*sUJMJMQ/oxN�nhJMP �¢{UsOixnhP+N�sO|MP��²qrsOl oxqru�|�H/grPdl�PO¼�»EPIPdqr|�nhQ/P*|�HRsOixsUN#oxixopJã}�N'} �rPRm�ipL°}aoxqhu�P����
HRopPdq'J7Q�PRu$o¶|MJMQ/sUJ�opL$q sOq�� � nhPRQ�}zsOipuOLOQ/opJ�g�l |�nr|�o¶qhu���Pdq��rP��R{OL$nr| � L$oxq'J�| � � � |!	�¼tÂ­L�l sOo¶q J�sOoxq gropu$g
|M}a|MJMPdl J�ghQ/L$nhu$ghm�nhJInrq��rPRQ*Q�PdsOi¶ox|MJ�oxH�|M¸OP"��P�� ipL$s��8�
|/nrH/gEsO|#�	sO|�g HKQ�L�� ��|R�$��P �rPd|�opu$qhP��Es²qhLÇ{OPdi
l�PdH�grsOqrox|�lÒJ�grsUJ�nr|�Pd| �
L$s�� ��sOi¶sOqrHRoxqhu v sUJMQ/oxHKPd|�� � �&v |!	IJMLwPdixoxl oxq�sUJMP�grLOJ �~|Mm,LOJ�|3Nb} N#sOixsOqrH �
oxqhu N,LOJ�g(Q�PRu$ox|MJMQ/sUJ�oxL$q(sOq�� � nhPRQ�} ipL$s�� oxq swj�nrixix} ��ox|MJMQ/opN#nhJMP�� j�sO|�gropL$q
¼ Â­LE|�nhmrm,LOQ�J�HKL$l�m�ipP��
� nhPRQ/opPd|R���1P��hPR{OPdipLOm,P�� J%�1L²qhP"����ox|MJMQ/opN#nhJMP�� �rsUJ�s�|�JMQ/nrHKJ�nhQ�Pd|d��qrsOl�Pdip}²J�ghP��7sOqhuOP�fbPdsUQ/H�gwÂ­Q�PRP
sOq�� 	Iox|MJMQ�opN�nhJMP��&� 	 �~ÂÃQ/PRPO¼(Â�grPd|MP �rsUJ�sE|MJMQ/nrHKJ�nrQ�Pd|�HKL$nhm�ipP��&�7oxJ�g(s |MPRJ�LOj+ixopu$g'J���Pdopu$g'J�JMQ�PRP �
N�sO|MP��wmrQ�LOJMLaHKL$ix|R�	sOixipL�� J�ghP�k 	3fzJML²|�nhm�m	LOQ/JtQ/sOqhuOP�sOq�� |�o¶l oxixsUQ/oxJ~} � nhPRQ�opPd|�P���HRoxPdq J�ip}'�*opJ�ghL$nhJ
HKQ�PdsUJ�oxqru N,LOJMJ�ipPdqhPdH�¸a|R¼

Â­L PR{¨sOi¶nrsUJMPzJ�ghP k 	3f	�(��P oxl�m#ipPdl�Pdq'JMP��[sEHKL$l�mrQ�PdghPdq�|�op{OP |�oxl�nrixsUJMLOQ°¼[GInrQ�P��bJMPdqr|/op{OP |�oxl�n �
ixsUJ�opL$q�Q�Pd|�nrixJ�|!HKL$q)��Q�l�P�� J�ghP*P��	PdHKJ�ox{OPdqhPd|�|&LOj8J�ghPYk 	3f��hPd|/opu$q8¼ïÀÁq�s����ropJ�opL$q
�*��P*oxl�m#ipPdl�Pdq'JMP���s
mrQ�LOJMLOJã}'m,P3LOjïJ�ghP�k 	3f6J�g�sUJ7oxqrHRixn��hPd|!J�grP � � �¢N�sO|MP��²Q�PRu$ox|�JMQ/sUJ�opL$q sOq�� � nhPRQ�}²l�PdH�grsOqrox|�l�|+�7opJ�g
�rox|�JMQ/opN�nhJMP�� ipL$s�� N#sOixsOqrHRoxqhuh¼YGInhQ �hPRm�ipLÇ}bl�Pdq'J+LOj�J�ghP�mrQ�LOJMLOJ~}bm,P�L$qwJ�ghP�ÀÁq'JMPRQ/qhPRJ�� � i¶sOqhPRJ �­sUN
JMPd|MJMN,P��,	­sOq���opJ�|ïoxq'JMPRuOQ/sUJ�opL$q-�7opJ�g�sIHKL$q JMPdq'J �¢N�sO|MP���l�nr|/oxH1o¶qhj LOQ�l sUJ�opL$q�Q�PRJMQ/opPR{UsOi'|�}b|MJMPdl>{OPRQ�o���P��
J�ghP�|�}b|MJMPdl/.Þ|tj PdsO|/opN�oxixoxJ~}�sOq�� opJ�|�sUmrm�i¶oxHRsUN�oxixoxJ~}�JML�s i¶sUQ�uOP3HRsUJMPRuOLOQ�} LOjïQ�PdsOi0��LOQ/i � sUm�m�ixoxHRsUJ�opL$q�|R¼
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¹<opQ/|MJ�LOj�sOixi��ïÀ ��L$nri � ixop¸OP JMLwJ�grsOqh¸ l�} s��h{aox|MLOQd� � Q�LOj�Pd|�|MLOQ � PRJMPRQ faJMPRPdqh¸bo¶|MJMPO�(�7opJ�ghL$nhJ��7ghL$l
J�grox|�J�ghPd|�ox| �1L$nri � qhLOJ!N,P�m,L$|�|/opN�ipPO¼ � PRJMPRQtox|�m�sUJ�opPdq'J1sOq���P��bJMQ�Pdl Pdip}�Q�Pd|Mm,L$qr|�opN#ipPO�$sOq���grP7sOi �&sd}a|
P��am	PdHKJ�|&J�grP+N,Pd|MJ&j�Q�L$l�l�PO¼�À�HRsOq0.öJ&Q�Pdl�Pdl�N	PRQtJ�grPIqbnrl�N,PRQ�LOj­J�oxl�Pd|�J�grsUJtÀ�J�grL$nhu$g J�l�}��rPd|�opu$q
�&sO|YuOL'L � PdqhL$nhu$g
�
sOq�� ghP�H/grsOixixPdqhuOP��El�P�JML��hLzopJIN,PRJMJMPRQd¼�ÀÁJ".Þ| � PRJMPRQ��7ghL²oxq'JMQ�L �rnrHKP�� l�P�JML
J�ghP6qhPRJ���LOQ�¸aoxqhuwsOq�� �rox|�JMQ/opN�nhJMP��E|�}b|MJMPdl�|�sUQ�Pds��!oxJ".Þ| � PRJMPRQ-�7ghL J�sOnru$g J�l�P �*grsUJ�ox|�Q�Pd|MPdsUQ/H�g8�
sOq�� grL�� JML �hLzuOL'L �EQ�Pd|�PdsUQ/H/g���sOq�� opJ".Þ| � PRJMPRQ �*ghL ghPdipm,P�� l�P JML N,PdHKL$l�P�szQ�Pd|MPdsUQ/H�ghPRQd�<sOq��
l�L$|MJ*oxl�m,LOQ�J�sOq'J�ip}O�hsOq oxq��hPRm,Pdq��rPdq J&J�groxqr¸OPRQd¼

À��1L$nri � sOi¶|ML ixop¸OP JML J�grsOqr¸ LOJ�ghPRQ l Pdl�N,PRQ/|²LOj�l�} J�ghPd|�o¶|zHKL$l l opJMJMPRPO� � Q�LOj Pd|/|MLOQ/| k&ghQ�ox|MJML$|
¹rsOipL$nrJ�|ML$|R��fbQ/oxqro�fbPd|�g�sOq sOq�� º i¶ipPdq ¾	PRu$nhQ/sa¼²k&ghQ/ox|�JML$|+o¶|3sz|ML$nhQ/HKP�LOj�oxq�|Mm�opQ/sUJ�oxL$q8�8sOq��EÀ ��sOq'J
JML�J�grsOqh¸ gro¶l j�LOQ&g�ox|�PdqrHKL$nrQ/sUuOPdl�Pdq'JR�rPdq J�gbnr|�o¶sO|�lCsOq�� �&sUQ/l�J�g8¼ º {OPRQ�}�J�oxl�P+À!grs��6s �rsUJ�sUN#sO|MP
Q�PdixsUJMP�� � nhPd|MJ�opL$q8�	ghP�sOi ��s°}b|+grs�� s6HKL$l�mrQ/PdghPdqr|�op{OP�ixox|MJ�LOj�Q/PRj PRQ�Pdq�HKPd|7Q�Pds��r}zj LOQIl�PO¼�À+�&sOq J+JML
J�grsOqh¸ fbQ�oxqro<j�LOQ�|ML$l�P�{¨sOi¶nrsUN�ipP��ro¶|�HRnr|�|�oxL$qr|#�1P6grs�� �7grPdq À#��sO|��hP��#q�oxqhuzl�}EJ�grPd|�ox|R�ïsOq�� j�LOQ
grox|7HKL$q J�oxqbnhP��w|�nhmrm,LOQ�Jtoxq grPdipm�oxqhu�l�P�|MPRJ*nhmwsOHRHKL$nrq J�|*L$q J�grP � i¶sOqhPRJ �ÃsUN JMPd|MJMN,P��8¼1À+�&sOq J*JML
J�grsOqh¸ º ixipPdqEj�LOQ�sUuOQ�PRPdo¶qhu JML |MPRQ�{OP�L$q l�} HKL$l l opJMJMPRP6nrq��hPRQ�s {OPRQ�} |�ghLOQ/J�qhLOJ�oxHKPO¼²ÀYsOl sOix|ML
uOQ/sUJMPRj�nri8JML º ixipPdqzsOq�� k&ghQ/ox|�JML$|1j�LOQ �7Q/opJ�oxqhu�{UsUQ/opL$nr|&Q�PRj�PRQ�PdqrHKP�ipPRJMJMPRQ/|�j�LOQ7l�PO¼

À*g�s��wJ�grP�m�Q/op{aoxipPRuOP�JMLzoxq'JMPRQ/sOHKJ �7oxJ�gwl sOq'} j�sOHRnripJã}wl�Pdl�N,PRQ/|IsUJ�k&v y�¼,À£qwm#sUQ�J�oxHRnrixsUQ°�#À���sOq'J
JML�J�grsOqh¸ � Q�LOj�Pd|�|MLOQ �+nro8¾,grsOqhuh�)�7ghL�grsO|&N,PRPdq²sOqzoxqhj�LOQ/l sOi	s��h{aox|MLOQ�JML l�PO¼�À �&sO|&j LOQ/J�nrqrsUJMPIJML
grs°{OP�s H�grsOqrHKP�JML�HKL$ixixsUN,LOQ/sUJMP �7oxJ�gzgroxl oxq²J�ghP 	+sUQ �7oxqzmrQ/L��£PdHKJR¼1À�sOix|�L ��sOq'J�JML J�g�sOqh¸ � Q�LOj�Pd| �
|MLOQ�¿IsUQ�J�gE¿IopN#|ML$q8�	PR{OPdqwJ�grL$nhu$g À �ro � qrLOJ+grs°{OP�s�H�grsOqrHKP�JML ��LOQ�¸/�*opJ�gwg�oxlz¼�ÀtJMLbLO¸ ¿IsUQ/J�g0.Þ|
|MLOj�J��&sUQ�Pz|M}a|MJMPdl |�HKL$nhQ/|MP6J�ghP ��Q/|MJ�|MPdl�Pd|MJMPRQ°�!sOq�� J�ghP6l L$|MJ�o¶l�m,LOQ�J�sOq J�J�groxqhuwÀ�ipPdsUQ/qrP�� j�Q�L$l
groxl ox|IJ�grsUJ#�7grPdqw}OL$n �hPd|�opu$q s²|M}a|MJMPdlz�8}OL$n l�nr|MJI¸aqhL�� ghL��-JMLzPR{¨sOi¶nrsUJMP�opJR¼�À7sOi¶|ML ��sOq'JYJML
J�grsOqh¸ � Q�LOj�Pd|�|MLOQ/| ��Q/nrHKPIv sUuOu$|tsOq�� ¿+Q�PRu�¿IsOqhuOPRQd�)�7grL�grs°{OPIN	Pdo¶qhu�|�nrmrm,LOQ�J�op{OP�JML�l�PIsOq��²l�}
�7opj�PIL°{OPRQ+J�ghP3}OPdsUQ/|d¼&fbm,PdHRoxsOi	J�grsOqh¸a|tuOL�JML6fagrsUQ�L$q �&nhQ/¸b|R� �*ghL�J�sU¸OPd|*HRsUQ/P�LOj<sOixi8J�ghPYuOQ/s���nrsUJMP
|MJ�n��rPdq J�|toxq6J�ghP �hPRm#sUQ�J�l�Pdq'JR�rixop¸OPYs����hPdqzl�LOJ�ghPRQ��a¼!À1sOl sOix|ML�J�grsOqr¸'j�nri	JML��&sUQ�N�sUQ/s ¿+Q/sOq��roxixipLh�
�3sUJ�g'}wv H"�*o �ï���OPdq�qropj�PRQ �Ãn�HRsO|R�
sOq��Ek&sUJ�ghPRQ/oxqrP�k�LOm,PRJ�sO|R� �7grL6grs°{OP�sOixi­grPdipm,P��wl�P�oxqw{¨sUQ�opL$nr|
LaHRHRsO|�opL$qr|R¼

v sOq } HKL$ixipPdsUu$nhPd|zgrPdipm,P�� l�PEoxq l sOq'} sO|�m	PdHKJ�|²LOj�l�} J�ghPd|�ox|d¼-À�Pdq��ML°}OP�� J�grP HKL$i¶ixsUN,LOQ/sUJ�opL$q
sOq���J�ghPR}�sOixi#N,PdHRsOl�PYl�}�uOL'L ��j�Q/opPdq��r|R¼ � sUQ/J�oxHRnrixsUQ/ix}O�'À ��L$nri �6ixop¸OP*JML�J�g�sOqh¸�y+l sOopQ�fagrsOg8� �7opJ�g
�7ghL$l.À!g�s��6qbnrl�PRQ/L$nr|�J�ghL$nhu$g'J �¢mrQ�L°{OLO¸aoxqhu �ro¶|�HRnr|�|�oxL$qr| �7grPdq�À1|MJ�sUQ�JMP�� ��LOQ�¸bo¶qhu�L$qzl�}�J�grPd|�ox|R¼
Â�ghL$|�P3l�PRPRJ�oxqhu$|*ghPdipm,P��zl�PYJ�ghQ�L$nru$g s�{OPRQ�} �ro��6HRnripJ&J�oxl�PO¼�À+��L$nri �zixox¸OPYJML J�grsOqh¸ 	+Qd¼�¿+PRLOQ/uOP
Â �dsOqhPRJ�sU¸aox|&j�LOQtL$nhQ�|�nrHRHKPd|/|Mj�n�i#HKL$ixi¶sUN	LOQ�sUJ�opL$q6L$qzsUmrm�ip}aoxqhu�l�}6HKL$q JMPdq'J �rox|/HKL°{OPRQ�}6|M}b|�JMPdl JML�grox|
HKL$q'JMPdq J �¢N�sO|�P�� l�nr|�oxH�|MPdsUQ/H�g �1LOQ�¸	¼�À �1L$nri � sOi¶|MLzixop¸OP�JMLzJ�grsOqh¸ � �rsOl �3nr|/grqhPRQd� �7ghL��1LOQ/¸OP��

{aoxo
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�7opJ�g l�P�L$q J�ghP |M}a|MJMPdl mrQ�LOJMLOJã}'m#oxqhuzoxq J�ghP�ixsO|MJY}OPdsUQ°¼��*ox|Im#sUQ�JILOj1J�ghP���LOQ�¸	�$�7gro¶H/g N,PdHRsOl�P
grox|�n�q��hPRQ�uOQ/s���nrsUJMP�ghL$qhLOQ�J�grPd|�ox|R� |�JMQ�PdqhuOJ�ghPdqhP���l�}�J�ghPd|�o¶|R� sOq���JMLOuOPRJ�ghPRQd� �1P �rPdl�L$qr|MJMQ/sUJMP���J�ghP
j�PdsO|�opN�oxi¶opJ~}6LOj�l�} |�}b|MJMPdl ¼�À �1L$n�i � sOix|�L�ixop¸OP�JML�J�grsOqr¸zLOJ�ghPRQ*j�PdixipL�� |MJ�n��hPdq J�|+oxq � PRJMPRQ�.Þ|*uOQ/L$nhm
�
� q �Ák&ghPdqhu �+nrsOqhuh� �*oxqru$qroxqhu �*n
�$y7Q/| �7Pdqhu$sUQ/J�qhPRQ!sOq���¿IixPdqrq �$n����8� �7ghLImrQ�LÇ{bo �hP���l sOq'}�j�PRP�� �
N�sOH/¸6JML�l�}²m�sUm,PRQ/|tsOq�� mrQ�Pd|MPdq'J�sUJ�opL$qr|�o¶q²J�ghP�ixsO|MJtj�P"� }OPdsUQ/|d¼

À ��L$nri �zi¶op¸OPIP��bJMPdq��zl�}²sUmrmrQ�PdHRoxsUJ�oxL$q²JML�LOJ�ghPRQ7l�Pdl�N,PRQ/|&LOjÃJ�ghP�ktv k � ixsUNzL°{OPRQ*J�ghPI}OPdsUQ/|R¼!À£q
m�sUQ�J�o¶HRnrixsUQd�	À �&sOq JYJML²J�grsOqr¸ º ��nrsUQ �hL²Â­sU¸UsOgrsO|�o¢�$�YPdqhu �Ãoxlz� � Q/sO|�grsOq'J�k&grsOq��hQ�s�sOq�� º nhuOPdqhP
�*u�j�LOQIL$nhQ*PdsUQ�ixopPRQIHKL$ixixsUN,LOQ/sUJ�opL$qwoxq J�grP�	IsUQ �7o¶q � Q/L��£PdHKJR¼ º ��nrsUQ �hL�grPdipm,P�� l�P�JML²uOPRJ+|MJ�sUQ/JMP��
�7opJ�gwJ�ghP 	IsUQ �7oxq �hPdipPRu$sUJMP-��LOQ�¸#¼#�YPdqhu²sOq�� À ��LOQ�¸OP�� |�o �hP�N'}w|�o �hP�j LOQYs6HKL$nhm�ipP�LOj!|MPdl�Pd|MJMPRQ�|
L$qzJ�ghPIj�Q/nropJMj�nri#{boxQ�J�nrsOi	mrQ/op{UsUJMPYqhPRJ���LOQ�¸6mrQ�L��MPdHKJR¼�À �1L$nri �6sOi¶|ML ixop¸OPIJML�J�grsOqh¸�L$nhQ�ixsUN l sOq�sUuOPRQd�
�+sOqrHK}wv oxixipPRQ°���7ghL �ro � s6uOQ�PdsUJ��£LONEoxq l sOqrsUu$o¶qhu²J�ghP�l�sOH/groxqrPd|+o¶q J�ghP�ixsUNÃ�	|ML²J�grsUJ#��P�HKL$nri �
j�LbHRnr|�L$qhP3g'n�q��hQ�P��²m,PRQ/HKPdq'JtL$q Q�Pd|�PdsUQ/H/g8¼

À�grs°{OP+l s��rP*s�ixLOJ!LOj8j�Q/opPdq��r|<LÇ{OPRQ&J�ghP7}OPdsUQ/|&sUJ�k&v y �7ghL�l s��rP*l�} ixopj�P�sO|1s�uOQ/s��rnrsUJMP+|MJ�n��hPdq'J
Pdq��ML°}$sUN�ixPO¼tÀ �&sOq'J7JML6J�grsOqh¸²J�ghPdl�sOi¶i
j�LOQ7N,Pdoxqhu l�}zj Q�opPdq������!sOqru$g'nrs²k&gbn8� �Iopj�s �YPO���Io¶qhu$ixoxsOq
� opPO�	fasOq���sd} �*sULh�#y+l�nhJ � HRsUQ°�#Â­P�� »EL$qhuh� � q'JML$qroxs�¾8grsOo�� �$n�ixopL��
LOm,P��O��sOq�� � PRJMPRQ! �PdqrsUN#ipPO¼1À
�&sO|�j LOQ/J�nrqrsUJMP�JML3grs°{OP7J%�1L3uOQ/PdsUJ�L���HKPdl sUJMPd|R� �+sOi��&nhQ/H/g�sOq�� �
PRP ��sd}�» n8¼ �+sOirox|�s �7o �dsUQ � �7ghL
¸aqhL��7| ��nr|MJ&sUN,L$nhJ&PR{OPRQ�}bJ�groxqhuh¼�À1J�nhQ/qhP��6JML�groxl �7ghPdqrPR{OPRQtÀ!grs��zs�|�nhNrJ�ixP*N�nru�oxq²l�}�mrQ/LOuOQ/sOlz�
sOq��zghP3n�|�nrsOixip}�HRsOq ��u$nhQ�PYopJ&L$nhJ�o¶qzs�j P"� |�PdHKL$q��r|#" �+ox|tghPdipmzJML�l�PIQ/sOqhuOP��zj�Q�L$l J�ghP3l PdsOqroxqhu
LOj1s ��Pdi �woxq J�ghP�À � ghPds��hPRQYJML²J�ghP �ro��,PRQ�PdqrHKP�N,PRJ���PRPdq J���LzJ~}bm,Pd|ILOj1|MJMLaH�¸ LOmrJ�opL$q�|R¼ �
PRP ��sd} ox|
sw}OPdsUQ�N,Pdgro¶q�� l�P6sOq�� �+sOi�¼ fhoxqrHKP��+sOi�ipPRj J�L$nhQ�L���HKP6sUj�JMPRQ�J�ghQ�PRP6}OPdsUQ/|R� �ÃPRP �Ms°} sOq�� ÀY¸OPRmrJ
PdsOH/g LOJ�ghPRQIsOHRHKL$l�m�sOq�opP�� j�LOQ*s�uOL'L �wm�sUQ�J7LOj<J�ghP�ixsO|MJ*j L$nhQ*}OPdsUQ/|R¼7Â7ghP3LaHRHRsO|�opL$qrsOi%$'�'&Ç� �hu$sOl Pd|
¸OPRmrJ+nr|�Pdq'JMPRQ�J�sOoxqhP��
¼ �
PRP ��sd} grsO|*N,PdHKL$l�P�s�uOL'L � m#ghLOJMLOuOQ/sUm�ghPRQ°�#sOq�� ÀtPd|Mm,PdHRoxsOixip}6Pdq��ML°}OP�� grox|
sOl�nr|�oxqhu | � nropQ�Q�Pdi!|�ghLOJ�|R¼ �
PRP ��sd}O�!N,Pdoxqru sOq P��hHKPdixipPdq'J º qhu$ixo¶|�g |Mm,PdsU¸OPRQ�sOq�����Q/opJMPRQd�<mrQ/L'LOj�Q�Pds��
sOixl�L$|�JïPR{OPRQ/}�m�sUm,PRQïÀÃgrs���m�nhN�i¶ox|�ghP��8�¨sOq���ixox|MJMPdqrP���JMLIPR{OPRQ�}�J�sOip¸3ÀÃu$s°{OPO¼�¹hLOQ�J�grsUJ<À
J�g�sOqh¸�groxl ¼

À�sOl N#ipPd|�|MP�� JML grs°{OP l sOq'} JMQ/nrix} ipL°{aoxqhu(j�Q/opPdq��r|6PR{OPRQ |/oxqrHKP À�ixsOq��rP�� o¶q J�g�ox|²yIf	¼&À ��sOq'J
JML�J�g�sOqh¸�	+Qd¼ � sOH�¸���Q�Pdqro �RPRQ°� l�}�j�LOQ/l�PRQ�s��h{bo¶|MLOQ�j Q/L$l J�ghP7y+qrop{OPRQ�|�opJ~}�LOj( +oxQ�u$oxqroxsa�OsOq���grox|(�7oxj P
	IoxsOqrsa¼zÂ�ghP��1Q/Pdqro �RPRQ/|�grsd{OP6N,PdHKL$l�P�l�P6sOq�� l�} �7opj�P .Þ| � � l�PRQ/oxHRsOq m�sUQ�Pdq'J�| �a¼ Â�ghPR}EghPdipm,P��
nr|�JMLwLOQ�u$sOq�o �RP�L$nrQ ��P����roxqru sOq�� grL$|MJMP�� J�grP ��P����roxqhu Q�PdHKPRmrJ�opL$q(sUJ�J�grPdopQ�ghL$n�|MPO¼ 	IoxsOqrswgrsO|
sOi �&sd}a|YN,PRPdq mrQ/sd}aoxqhu²j�LOQ3nr|IsOq��E|MPdq���oxqhu²nr|+u$opj J�|Yi¶op¸OP�s6l L$lz�ÃsOq�� 	+Qd¼ �1Q/Pdqro �RPRQIL��	PRQ/P�� l�P
�7ox|�P HRsUQ�PRPRQ6s��r{boxHKP �7ghPdqhPR{OPRQ�À�HRsOixixP�� groxl nrm
¼ À�sOix|ML �&sOq'J�JML J�g�sOqh¸ k&sUQ/i*fbJMPRN�N�oxqhu$|R��l�}
ipL$qhu
�¢J�o¶l�PIj Q/oxPdq���j�Q�L$l�J�ghP ��sd}a|&À �&sO|�sUJ�y) � ¼��7PYPR{OPdq l�s��hPYs+* �~ghL$nhQtJMQ/opm²JML l�}��hPRj�Pdqr|MPO¼�À
��L$nri � i¶op¸OP3JML�P��amrQ�Pd|/|*l�} |Mm,PdHRoxsOi8J�grsOqr¸b|7JML�J�ghP �1L$q��hPRQ�j�nri
vwQ/|R¼*¿+PRQ ��s � oxQ/|�H/g
�
�7ghL ��sO|+l�}
oxq'JMPRQ/qrsUJ�opL$q�sOiïgrL$|MJ#�7ghPdq À ��Q�|MJ+HRsOl P�JMLzJ�ghP�fbJ�sUJMPd|R¼�v Q/|d¼ � opQ�|�H/g0.Þ|+¸aoxq��rqrPd|�|R�,ipL°{OPO�ïsOq�� HRsUQ�P
qhLOJ�L$qrip} l�s��hP6l�} ixoxj P�JMQ/sOqr|�opJ�oxL$q l�nrH/g(PdsO|�opPRQ°��N�nhJ�sOix|ML grs�� s JMQ�Pdl Pdq��hL$nr|�oxl�m�sOHKJ�L$q l�}
{aopP"� LOj�J�ghP��1LOQ/i � sOq�� J�ghP�m,PRLOm�ipPYPR{OPRQ/} �7grPRQ�PO¼tÀ�sOl�sOix|�L�{OPRQ�}zuOQ/sUJMPRj�nriÃJML � Q�LOj Pd|/|MLOQI¿IsUN�Q/opPdi
��LON#oxqr|7sUJ+J�ghP�y*qrox{OPRQ/|�opJã}zLOj, +oxQ�u$oxqroxsa¼&ÀtJMLbLO¸ s6HKL$nhm�ipP�LOj�sOipuOLOQ/opJ�grl�|*HKL$nhQ�|MPd|7j�Q�L$l groxlz�	sOq��
ghP�Q�P �~opu$qropJMP�� l�} o¶q JMPRQ�Pd|�J�|�oxq HKL$l�m�nhJMPRQ�|�HRopPdqrHKPO��sOq�� PdqrHKL$nhQ�sUuOP�� l�P�JMLwm#nhQ/|�nhP swHRsUQ�PRPRQ�oxq
J�grox|+��L$q��hPRQ/j�nri,��Pdi �8¼<À1sOl sOix|�L�J�grsOqh¸bj�nri	JML 	+Q/|d¼ 	+o¶l opJMQ/opL$| � Pdq��rsUQ�sU¸box|d��	*PRN#sOq��MsOq fasOgrsa���7s �
�!sd{UsUJM¸UsUQd�	sOq�� � Q�LOj�Pd|�|MLOQ � q��rQ�P"� k&sOl�mrN,Pdixi	j�LOQ�J�ghPdopQ�|/nhmrm,LOQ�JR¼

À �&sOq'JzJML[J�grsOqh¸ l�} j�sOl oxix} oxq k&groxqrsa¼ vw} m�sUQ�Pdq'J�|zsUQ�P N	LOJ�g uOQ/PdsUJzP��rnrHRsUJMLOQ/|R�IsOq�� J�ghPR}
|MJ�sUQ�JMP�� l�}wP��rnrHRsUJ�opL$qEsUJ3s6{OPRQ�} PdsUQ/ip} sUuOP�sOq�� ghPdipm,P��wl P�JML |MPRJYnhmEszixopj�P �~ipL$qhu6uOL$sOi�oxq m�nhQ��
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|�nro¶qhu�¸bqrL��7ipP��ruOPO¼�ÀãJ".Þ|*J�ghPdopQ+ipL°{OPO�	PdqrHKL$nhQ�sUuOPdl�Pdq JIsOq��wN,PdixopPRj<oxq l�P�J�grsUJ*l s��rP�opJ*m	L$|/|�opN�ipPIj�LOQ
l�P+JML�LÇ{OPRQ/HKL$l�PYPR{OPRQ�}�|MPRPdl oxqhu$ix}�o¶qr|�nhQ/l L$nrq J�sUN#ipP �ro���HRn�ipJ~}O�asOq���JML�HKL$q'J�oxqbnhP+l�} qhP��aJ �rQ�PdsOlz¼
À �hP��roxHRsUJMP J�g�ox|�J�ghPd|�o¶|�JML J�ghPdlz¼ v } J%�1L L$i �hPRQ�NrQ�LOJ�grPRQ/| sOi �&sd}a| N,PdixopPR{OP�� oxq[l�PO�tsOq��[J�ghPR}
|�nhm�m	LOQ/JMP�� l�P3JML²HKL$l�P�JML�J�ghP�yYf²JML�Q�PdsOixo �RP�s �hQ/PdsOl J�grsUJ*J�ghPR} sOq�� l�}²m�sUQ�Pdq'J�| ��o �rq0.öJ�grs°{OP
s�H�grsOqrHKP�JML�m�nrQ/|�nhPO¼ ��Pdoxqhu�|ML�j�sUQIs �&sd} j Q�L$l ghL$l�PO�#J�ghP�L$qrix}6Q/PdsO|ML$q J�g�sUJ7ÀtHRsOq j�LaHRnr|�L$q l�}
|MJ�n��r} ox|IN,PdHRsOnr|MP�J�grsUJ3l�} NrQ/LOJ�ghPRQ/|YsUQ�P�J�sU¸aoxqhu²uOL'L � HRsUQ�P�LOj�l�}wm�sUQ�Pdq'J�|3sUJ3ghL$l�PO¼�» oxJ�ghL$nhJ
J�ghPdlz�aÀ ��L$nri �6qhLOJ&grsd{OPIJ�ghPIixn)�hnhQ�}�LOj
m�nhQ�|�nroxqhu3l�} �hQ/PdsOlz¼�À ��sOq'J&JML�u$op{OP+l�}�|Mm,PdHRoxsOi�J�grsOqh¸a|
JML l�}wm�sUQ/Pdq J�| �~o¶q �~ixs �-j�LOQYJ�sU¸aoxqhu l�P�sO|YJ�ghPdoxQ3qhP"� H/gro¶i �8�8sOq�� J�ghPdopQ3ixL°{OP sOq��E|�nrmrm,LOQ�JR¼�À+sOix|ML
�&sOq J+JML�J�grsOqr¸ l�}zJ%�1L²nrqrHRipPd|7sOq�� J�ghPdoxQ7j�sOl oxixopPd|�j LOQ+J�ghPdopQ7ixL°{OP�sOq�� |�nrmrm,LOQ�Jtj LOQIl�P�L°{OPRQIJ�ghP
}OPdsUQ/|R¼

¹<oxqrsOixix}O�	À���sOq'JYJMLzJ�grsOqh¸ l�} �1L$q��hPRQ�j�nri �7opj�PO�
fhg'nrgrPdqhuz¾8ghL$n8¼�ÀÁJYox|Y|MJ�oxi¶i­l sUu$o¶HRsOi<JML l�P�J�grsUJ
��P3j L$n�q��zPdsOH/gwLOJ�ghPRQd¼ �Ãoxj P3oxq uOPdqhPRQ/sOi���sOq�� s uOQ/s���nrsUJMP�|MJ�n��rPdq J".Þ|*ixopj�P3oxq²m�sUQ�J�oxHRn�ixsUQd�rgrsO|*l sOq }
nhm�|!sOq����hL��7qr|R¼<» opJ�g�fagbnrghPdqhuYNb}�l�}�|�o �hPO�$J�ghP7sOl L$nrq J!LOj	j�Q/nr|�JMQ/sUJ�opL$q ox|!grsOip{OP�� sOq�� �£LÇ} �hL$n �
N�ipP��
��sOq��wPR{OPRQ�}'J�g�oxqhu�N,PdHKL$l�Pd|+|ML6l�nrH�gwl LOQ�P�l PdsOqroxqhuOj�nri�¼�fagbnrghPdqhu�sOi¶|ML�grsO|*uOQ�PdsUJIoxq'J�nropJ�opL$q
oxq qrPRJ���LOQ�¸bo¶qhu�Q�Pd|�PdsUQ/H/g8�	sOq�� grPRQ*HKQ/opJ�o¶HRsOi8J�groxqh¸aoxqhu�sOq��wl sOq'} oxq {UsOixnrsUN#ipP �rox|�HRnr|/|�opL$qr|+�7oxJ�g l�P
�ropQ/PdHKJ�ip}�ghPdipm,P���l�PIoxq6oxl�mrQ/L°{aoxqhu�l sOq'}�m�sUQ�J�|�LOj
J�g�ox|!J�grPd|�ox|R¼<À �&sOq J&JML�J�grsOqh¸�ghPRQ�j�LOQ�ghPRQtipLÇ{OPO�
PdqrHKL$nhQ�sUuOPdl�Pdq J+sOq��zN,Pdoxqhu�l�}�N,Pd|MJtj�Q/opPdq��8¼
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� ��� µ �¨³���� �Oµ¨¯ ³ � �
� ¼ � Â�ghP�k&L$q JMPdq'J 	Iox|�HKLÇ{OPRQ�} � Q�LON#ipPdl ¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ S
� ¼ S ��Pdi¶sUJMP�� »ELOQ�¸ ¼�¼Y¼3¼3¼Y¼3¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �

� ¼ Sb¼ � k�Pdq'JMQ/sOixo �RP��wfbL$ixnhJ�oxL$qr|�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �
� ¼ Sb¼ S 	Iox|MJMQ�opN�nhJMP�� fbL$i¶nhJ�opL$qr| ¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �

� ¼ � Â�ghPd|/ox|7fbJ�sUJMPdl�Pdq'J ¼3¼3¼Y¼3¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �
� ¼öV k�L$q'JMQ/opN�nrJ�opL$qr| ¼�¼Y¼3¼3¼Y¼3¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �
� ¼ � Â�ghPd|/ox|7G+{OPRQ�{aopP"� ¼3¼3¼Y¼3¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ � T

� ±������ �
®Rµ°¬a´ � ���U«ï¯¶µÇ¬ �Oµ�� �¨¬ ���
Sb¼ � k�L$q'JMPdq J �*sOl�oxqhu�faH�ghPdl�P ¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �d�
Sb¼ S fb}a|MJMPdl � Q/H�gropJMPdHKJ�nhQ�P ¼Y¼3¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ �d�

Sb¼ Sb¼ � 	 �+Â �¢N�sO|MP�� G+{OPRQ/ixs°} fhnhN�|MJMQ/sUJMP ¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ � �
Sb¼ Sb¼ S � mrm�ixo¶HRsUJ�opL$qr| ¼Y¼3¼3¼�¼Y¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼3¼Y¼�¼3¼3¼Y¼3¼ � *
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l sU¸aoxqhu nhN#o � n�opJML$nr|YHKL$l�m�nrJ�oxqhu sOixi�N#nhJYQ�PdsOixopJã}O¼ ��Pdoxqru sUN�ipP JML P���HRopPdq'J�ip}
�rox|�HKLÇ{OPRQ�sOq�� l sU¸OP
nr|MP�LOj�J�ghP�ixsUQ�uOP�sOl�L$nrq'J+LOj!oxqhj�LOQ/l sUJ�opL$qwu$sUJ�ghPRQ�P�� Nb} J�ghPd|MP �hPR{aoxHKPd|IgrsO|+N,PdHKL$l�P�o¶qrHKQ�PdsO|�oxqru$ip}
oxl�m,LOQ�J�sOq'JR¼�k�L$qr|�o �rPRQ�s�qrsUJ�opL$q �7o �rP&g�opu$g*�&sd}�JMQ/s �6H7l�L$qroxJMLOQ/oxqhuY|MPRQ�{aoxHKPO� �7ghPRQ�P �hPR{aoxHKPd|1|�nrH/g�sO|
HRsOl�PRQ/sO|1sOq�� |MPdq�|MLOQ/|�sUQ�P*oxqr|MJ�sOixixP���sOipL$qhuYJ�ghP�Q/L$s��r|�o �hPtLOj,gropu$g �&sd}a|�LOQ!l�L$n�q JMP���L$q�m�sUJMQ�L$irHRsUQ�|R�
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m,PRPRQ��¢JML
�¢m,PRPRQ3HKL$l�m�nhJ�sUJ�oxL$q l�L �hPdiïm�opL$qhPRPRQ�P�� Nb} J�ghPd|�P sUmrm�ixoxHRsUJ�oxL$qr|7LOm,PdqhP��Es²qhP"� H�grsUmrJMPRQ3LOj
J�ghP�HKL$q J�oxqbnroxqru�Q�PR{OL$ixnrJ�opL$q LOj �ro¶|MJMQ/opN�nrJMP��zHKL$l�m�nhJ�oxqru L$q J�grP�À£q JMPRQ�qhPRJR¼7y+qrixop¸OP3J�grP�JMQ/s���opJ�opL$qrsOi
HRixopPdq'J �~|MPRQ�{OPRQ&l�L �hPdi��$J�grP � S � m�sUQ�s��ropu$l l sU¸OPd|&opJ!m	L$|/|�opN�ipP&JML�grsUQ/qhPd|�|!J�ghP7{UsO|MJ�HKL$l�m�nhJ�oxqru�sOq��
|MJMLOQ/sUuOP*Q�Pd|ML$nhQ�HKPd|!sd{UsOoxixsUN#ipP&L$q J�ghP�À£q'JMPRQ/qhPRJ�oxq s �hPdHKPdq JMQ�sOixo �RP���j�sO|�gropL$q
� �7opJ�g ixoxJMJ�ipP �hPRm�ipLÇ}bl�Pdq'J
HKL$|MJR¼²¹hLOQ�P��hsOl�m�ixPO�<f º ÂtÀ��YghL$l�P � �OS �1ox|�nr|�oxqhu²À£q JMPRQ�qhPRJ3{OL$ixnrq'JMPRPRQ/|".­ghL$l�P � k&|".
o �rixP�J�o¶l�P�JML
�#q��²P��aJMQ/sUJMPRQ�Q/Pd|MJMQ/oxsOi­ixopj�P+Nb}²sOqrsOip} �doxqhu��rsUJ�s�HKL$ixipPdHKJMP�� j�Q�L$l L$nrJMPRQ*|Mm�sOHKPO¼�Â�ghP3HKL$ixixPdHKJMP�� m,L���PRQ
LOjIJ�ghPd|MP � k&|�ox| ixsUQ�uOPRQ�J�grsOq sOq'} |�nhm,PRQ/HKL$l m�nhJMPRQ/|�J�grsUJ6s uOQ�L$nrm LOjY|�HRopPdq'J�ox|MJ�|�HRsOq �#q�� sOq��
s �,LOQ �8¼
� j�nrq���sOl�Pdq J�sOi1j�nrqrHKJ�opL$qrsOi¶opJ~} J�grsUJ�s � S � sUmrm�ixo¶HRsUJ�opL$q l�nr|MJ�mrQ�LÇ{bo �rP�ox|�J�ghP²sUN�oxixopJã} j LOQ�s

m,PRPRQ�JML ipLbHRsUJMP²Q�Pd|�L$nhQ/HKPd|R�1N	P²opJ�HKL$l�m�nhJ�sUJ�oxL$q m	L��1PRQ�LOQ s |MPRJ�LOj �#ipPd|R��J�grsUJ sUQ/P²s°{¨sOo¶ixsUN�ipP6L$q
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¹<opu$nhQ�P � ¼ � � � ��ox|MJMQ/opN#nhJMP��²k&L$q JMPdq'J 	Iox|�HKLÇ{OPRQ�}wfb}a|MJMPdlz¼ �*L �hPd|7l sd}��#���K�Ì� �/��HKL$q'JMPdq'J�|R��LOQ7o¶|�|�nhP
�R���R���¢�]��JML�|MPdsUQ/H�g j�LOQ7l sUJ�H/grP�� HKL$q'JMPdq J�|R¼

LOJ�ghPRQ1m	PRPRQ�|R¼ 	IopQ/PdHKJMLOQ�}�|MPRQ�{aoxHKPd|�|�nrH�g sO| �+sUm�|MJMPRQ � V * �¢�'sOq���mrQ/oxl�opJ�op{OP&|MPdsUQ/H/g�oxqhu3l�PRJ�ghL �r|�N#sO|MP��
L$q ixo¶l opJMP�����LbL �ro¶qhuE|�nrH/g sO|6¿IqbnhJMPdixixs � � T �*sOq�� �3s ¾,s � � V � �¢�tgrs°{OP N,PdHKL$l�P m,LOm�nri¶sUQ�sOl L$qhu
À£q JMPRQ/qrPRJ�nr|MPRQ�|R¼ �InrPRQ�} P��amrQ�Pd|/|�opL$qr| n�|MP��[j�LOQ�J�ghP |�PdsUQ/H/g sUQ�PwsOi¶|ML Q/sUJ�ghPRQ�mrQ/oxl�opJ�op{OPO�1o¶q J�grsUJ
J�ghPR} sUQ/P�LOj�JMPdq Q�PRmrQ�Pd|�Pdq JMP�� nr|�oxqru�|�oxl m�ipP�l�PRJ�s���sUJ�s6sOq�� ¸OPR} �1LOQ �r|R¼�k�L$q'JMPdq J �¢N�sO|�P��E|MPdsUQ/H/g�oxqhu
oxq � S � sUmrm�i¶oxHRsUJ�opL$qr|1ox|1|�J�sUQ�J�oxqhu�JML �rQ/s � s�ixLOJ1LOjÃsUJMJMPdq'J�opL$q8�r|/oxqrHKP*oxJ1grsO|1J�ghP+m	LOJMPdq'J�oxsOi#JML�l sU¸OP
À£q JMPRQ/qrPRJ �~|�HRsOipP�oxqrj LOQ/l�sUJ�opL$q²Q�PRJMQ/opPR{UsOi8m,L$|�|�oxN�ipP � � � �¢¼

�
	�� ��
 � ) %*�+�,�!�+�-�.�/�#��%10*���,2 � �8%+�����!4

Â�ghP�sUN,L°{OPtsUmrm�ixo¶HRsUJ�opL$qr|Ã|/grsUQ�P�L$qhP�HKL$l�l�L$q�j�nrq�HKJ�opL$qrsOixopJã}O�a¥��U���~�R���­�U� �K¥�� &U�R��©U¼<»EPtnr|MP&s7uOPdqrPRQ/oxH
JMPRQ/lz�7J�ghPEk&L$q JMPdq'J 	+o¶|�HKL°{OPRQ�} fb}a|MJMPdlz��LOQ k 	3f	��JML Q/PRmrQ�Pd|MPdq'J6s(|M}a|MJMPdl J�grsUJz|�nhmrm,LOQ�J�|�J�ghP
�rox|/HKL°{OPRQ�}(LOj+HKL$q'JMPdq'J�|R¼ 	+PRm,Pdq��roxqhu L$q �7ghPRQ/PzJ�ghP HKL$q JMPdq'J�|�sUQ/P |MJMLOQ�P��8�&s k 	3f(l sd}[grs°{OP s
HKPdq'JMQ/sOixo �RP�� LOQws �rox|MJMQ/oxN�nhJMP�� sUQ/H/groxJMPdHKJ�nhQ�PO¼ � �1PRN |�PdsUQ/H/g Pdqru$oxqhPEHRsOq N,PEHKL$qr|�o �rPRQ�P�� sO| s
HKPdq'JMQ/sOixo �RP�� k 	3f j LOQ �1PRNzHKL$q'JMPdq J�|d�r|�oxqrHKP+opJ1HKQ�PdsUJMPd|ts�HKPdq'JMQ/sOixo �RP��²oxq��rP���sOq���Q�Pd|�L$ip{OPd|&sOixi#n�|MPRQ/|".
� nhPRQ/opPd|R¼<À£q²s �rox|MJMQ/oxN�nhJMP��6k 	Yf,�bqhL �hPd|�j�LOQ/l sOq²L°{OPRQ/i¶sd}²qhPRJ���LOQ�¸	�rsOq��zs�qhL �rP+HRsOq²m�nrN�ixox|�g�sOq��
mrQ�LÇ{bo �hP�HKL$q'JMPdq J�|R��o¶|�|�nhP � nhPRQ/oxPd|�ipLbLO¸bo¶qhu j�LOQ�HKL$q'JMPdq J�|R�1|MJMLOQ�P�HKL$q'JMPdq'J�|�LOQ�HKL$q'JMPdq J�|".�l�PRJ�s���sUJ�s
m�nhN#ixox|�ghP�� Nb} LOJ�ghPRQ6qhL �hPd|R�1sOq��[Q�Pd|ML$ip{OPzLOJ�grPRQ�qhL �hPd|". � nhPRQ/opPd|d¼ Â�ghQ�L$nhu$grL$nhJ�J�grox|�J�ghPd|�o¶|R� ��P
|ML$l�PRJ�o¶l�Pd|�Q�PRj PRQ�JML�s�qrL �hP*J�grsUJ�m�nhN�ixo¶|�ghPd|�HKL$q'JMPdq J&LOQtox|�|/nhP � nhPRQ/opPd|�sO|&s6¥d���¢�K�#�rLOQtsOq �K�#���h�U� �#��¼
¹<opu$nhQ/P � ¼ � |�ghL��*| sOq[P��hsOl�m�ipP²LOjYs
�rox|MJMQ�opN�nhJMP��(HKL$q JMPdq'J �ro¶|�HKL°{OPRQ�}[|M}a|MJMPdlz¼ »EP n�|MPzJ�ghP

JMPRQ/l �MHKL$q JMPdq'J ��o¶q sYNrQ�L$s���|MPdqr|MP7sOq�� opJ�|�l�PdsOq�oxqhu3l s°}��ro��,PRQ�j Q�L$lCsUmrm�ixo¶HRsUJ�opL$q�JML�sUmrm�i¶oxHRsUJ�opL$q8¼
k�L$q'JMPdq J ox|²LOj�JMPdq Q�PRmrQ/Pd|MPdq JMP�� nr|�oxqhu[s |/ghLOQ�J��hPd|�HKQ�opmrJ�opL$q8�*LOQwl�PRJ�s���sUJ�sa¼�»EP sOi¶|ML[Q�PRj�PRQ JML
J�grox| �rPd|�HKQ/opmrJ�oxL$q sO|�J�ghPz�#�U���3LOj&J�ghP HKL$q JMPdq'JR�<LOQ�¥/�O���~�K���*�#�U���R¼�¹hLOQ�P��asOl�m#ipPO�Ãoxq J�ghP�JMQ�s ��H
l�L$qroxJMLOQ/oxqhu²|MPRQ�{aoxHKPO�Ãs²m�oxPdHKP�LOj �MHKL$q'JMPdq J �wQ�PRj�PRQ/|IJMLzJ�ghP��hPd|�HKQ�opmrJ�opL$q LOj&sz|MPdqr|MLOQYLOQ�szHRsOl PRQ/sa�
�7gro¶H/g l sd}[oxq�HRixn��hP6sUJMJMQ/opN�nhJMPd|�|/nrH/g sO|����������������������� ! �"#�%$&�' '()��PRJ�HU¼ »EP sOix|ML qrLOJMPzJ�grsUJ
s qrL �hP o¶qEJ�grox|3|�}b|MJMPdl Q�PRj�PRQ/|3JML s HKL$l�m�nrJMPRQ�sOq�� opJ�l s°} HKL$qrqhPdHKJ�JML l�n�ipJ�opm�ipP �hPR{aoxHKPd|R¼6À£q s
� S � l�nr|/oxHI|�grsUQ/oxqru�sUmrm#ixoxHRsUJ�opL$q8� �MHKL$q'JMPdq J ��Q�PRj PRQ�|&JML�J�ghPYl�PRJ�s��rsUJ�s�LOjïs�l�nr|/oxH��#ipPIsOq��zopJ&l sd}
oxqrHRi¶n��hPIsUJMJMQ/opN�nhJMPd|7|�nrH/g sO|*��+,���!�-�)�/.0 !�'+)�1�!�32,4�56���-57 �PRJ�HU¼

��Pd|�o �rPd|8J�ghP!|MPRQ/{boxHKP �rox|�HKLÇ{OPRQ�}Y|MPRQ�{aoxHKPd|
sOq��Ym,PRPRQ��¢JML
�¢m,PRPRQ­LON��£PdHKJ­|�grsUQ/oxqru&|�}b|MJMPdl�|R�ÇJ�grPRQ�P�P��hox|MJ
s/�*o �hP {UsUQ/opPRJã}ELOj �rox|MJMQ/oxN�nhJMP��EsUmrm�i¶oxHRsUJ�opL$qr|YJ�g�sUJ�PdopJ�ghPRQ�J�ghPdl |MPdix{OPd|�sUQ�Pzk 	3f |�}b|MJMPdl�|3LOQ�nr|MP
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swk 	3f sO|3L$qhP LOj�J�ghPdopQ3l s �MLOQ�HKL$l�m,L$qhPdq'J�|R¼ ¹hLOQ�P��asOl m�ipPO�Ãm#nhN�ixoxHRsUJ�oxL$q |/nhN�|�HKQ/oxmrJ�opL$q |M}b|�JMPdl |
��m�nhN��¨|�nhN 	�sOi¶|ML Pdl�m#ipL°} k 	3f	¼ � nhN#ixox|�ghPRQ�|�s��r{OPRQ�J�ox|MP J�ghP �rPd|�HKQ/opmrJ�oxL$qr|�LOjYJ�ghPdopQ�m�nhN�i¶oxHRsUJ�opL$qr|R¼
fanhN#|�HKQ/opN,PRQ/|�sUQ/P�HRi¶opPdq J�|+J�grsUJY|�nrN�l opJ*J�ghPdopQI|�nhN�|�HKQ�opmrJ�opL$qr|�LOQ � nhPRQ�opPd|R¼YÂ�ghP k 	3fwoxqws6m�nrN��¨|�nhN
|M}a|MJMPdl:l�nr|MJ�l sUJ�H/g(|�nhN#|�HKQ/opmrJ�oxL$qr| �7opJ�g s��h{OPRQ/J�ox|MPdl�Pdq'J�|R¼ fbL$l�P LOJ�grPRQ�HKL$q'{OPdq J�opL$q�sOi1À£q'JMPRQ/qhPRJ
sUmrm�i¶oxHRsUJ�opL$qr|R�bPO¼öuh¼p��À£q'JMPRQ/qhPRJ�|MPdsUQ/H�g Pdqhu$o¶qhPd|tsOq��²J�ghP 	#�Yf²|MPRQ�{aoxHKPO�rHRsOq sOix|�L�N	PI{aopP"��P��zsO|*k 	3f
|M}a|MJMPdl |R¼
Â�grP1mrQ�oxl sUQ�}IJ�sO|M¸3LOj#sYk 	Yf�ox|­JMLIP���HRopPdq'J�ip}3ipLaHRsUJMP�J�grP�|MPRJ<LOj�HKL$q'JMPdq'J�|�J�grsUJ<l sUJ�H/g�s+HRixopPdq'J".Þ|

� nhPRQ�}O¼ � | �7opJ�g6J�ghP#�7o �rP+Q�sOqhuOPILOjïsUmrm#ixoxHRsUJ�opL$qr|�J�grsUJ�n�|MP�k 	3f6|M}b|�JMPdl |R�hJ�ghPRQ�PYsUQ�P3s�{UsUQ/opPRJã}�LOj
|ML$ixnrJ�opL$qr|�JML J�ghP�HKL$q'JMPdq'J �rox|�HKLÇ{OPRQ�}²mrQ�LON�ixPdlz¼ �7L��1PR{OPRQd�#J�ghPd|MP3P��hox|MJ�o¶qhu�|ML$ixnhJ�opL$q�|1LOj�JMPdq ��ox|Mm�ixs°}
L$qhPILOj
J�ghPIj�L$ixipL��7oxqhu��hP��#HRopPdqrHRoxPd|#�+� � 	�Â7ghPYk 	Yf�l s°}�mrQ/L°{ao �hP7m,L��1PRQ�j�nri,|MPdsUQ/H�groxqhu�HRsUm�sUN�o¶ixopJ�opPd|R�
N�nhJ­J�ghP&l�PdH/grsOq�ox|�l �hL'Pd|ïqhLOJ<|�HRsOipPO�$oxq�J�grsUJ �7ghPdq�J�ghP&sOl�L$nrq'J­LOj�HKL$q'JMPdq'J<sOq�� � nhPRQ/opPd|ïoxqrHKQ/PdsO|MPd|R�
J�ghP3HKL$l�m#nhJ�sUJ�opL$q8�r|MJMLOQ�sUuOP�sOq��zqhPRJ%�1LOQ/¸�N�sOq�� �7o �hJ�g�Q�P � nropQ�Pdl Pdq J�|&uOQ�L�� � nroxH/¸bip}�JML P��aHKPRP�� J�ghP
HRsUm�sOHRopJã} LOj�J�grP |M}b|�JMPdl �+��S 	�fbL$l�P�|M}a|MJMPdl |�l sd}E|�HRsOipP���Pdixi��ÃN�nhJIJ�ghPR} J~}bm�oxHRsOixix}wsUQ�P��hPd|/opu$qhP��
�7opJ�g sw|�m	PdHRo �#H�sUmrm#ixoxHRsUJ�opL$q oxq l o¶q��8�­sOq�� J�ghPRQ/PRj LOQ�P6J�ghPdopQ�j�nrqrHKJ�opL$qrsOi¶opJ~}Eox|�ixoxl oxJMP�� sOq�� J�ghPdopQ
JMPdH/g�qro � nhPd| �hL�qrLOJ�sUmrm#ip}�JML�LOJ�grPRQ�sUmrm�ixoxHRsUJ�oxL$qr|R¼<¹hLOQtP��asOl m�ipPO�a|MPdsUQ/H/g²Pdqru$oxqhPd| �hPdsOi �7opJ�g�|�J�sUJ�oxH
sOq�� oxq JMPRQ �~ixoxqh¸OP�� ��PRN m�sUuOPd|R¼ 	#�If �hPdsOix| �7opJ�g gropPRQ/sUQ/H�groxHRsOi�sOq�� ��Pdixi �~s��rl o¶qrox|MJMPRQ�P�� �rL$l sOoxq
qrsOl�Pd| � � � 	�fbL$l P�|M}b|�JMPdl |�l s°}�N,P&N,LOJ�g�|�HRsOixsUN�ixP�sOq���uOPdqhPRQ/sOi�� N�nhJ�J�ghPR}�L$qrip}�mrQ�L°{ao �hP&mrQ�oxl opJ�op{OP
|MPdsUQ/H�groxqhu3HRsUm#sUN�oxixopJã}O¼�fa}b|MJMPdl�|�nr|�oxqhuIsIN�sO|�o¶H 	+o¶|MJMQ/opN�nrJMP�� �+sO|�g ÂïsUN�ipP � 	 �*Â 	ïJML3|�nhmrm,LOQ�JïP��hsOHKJ
qrsOl�P3ixL'LO¸anhmzN,PdipL$qhu�JML J�g�ox|tHRsUJMPRuOLOQ�}O¼
À£q�J�grox|<J�ghPd|/ox|R� ��P�s����hQ�Pd|/|<J�ghP �7o �hP �~sUQ/PdsYHKL$q JMPdq'J �ro¶|�HKL°{OPRQ�}�mrQ�LON#ipPdlz¼<GYnhQ�uOL$sOirox|<JML �rPd|�opu$q

s�|M}a|MJMPdl J�grsUJ*ox|tgropu$grix}�|�HRsOixsUN�ixP �*groxipPIsOix|ML�mrQ/L°{ao �roxqhu�Q/oxH�gz|MPdsUQ/H�groxqhu HRsUm�sUN#oxixopJã}O¼ï»EP��hPd|�HKQ/oxN	P
J�ghP3J%�1L�sO|Mm,PdHKJ�|�LOjïL$nhQ�mrQ�LOm,L$|MP��z|�}b|MJMPdl oxqzl�LOQ�P �hPRJ�sOoxi8sO|�j�L$ixipL��7|R¼

� �²¯ �¨« �8¬ �����U« � � ¯ � ¯ µ �	�
k&L$q JMPdq'J�|�oxq J�grPzk 	3f l�n�|MJ�N,P�|�PdsUQ/H/grsUN#ipPO��oxq J�g�sUJ�swqhL �rP�HRsOq ipLaHRsUJMP6HKL$q'JMPdq J�|�n�|�oxqhu
m#sUQ�J�oxsOiïoxqhj�LOQ/l sUJ�opL$qwQ/sUJ�ghPRQ+J�grsOq grsd{aoxqhu6JMLz|Mm,PdHRopj�}²s²HKL$l�m#ipPRJMP�sOq��wP��hsOHKJYqrsOl�PO¼YvwLOQ�P
j�LOQ/l sOi¶ip}O�ï|�PdsUQ/H/gro¶qhu ox| �hP��#qhP�� sO|�s |/nhN�|MPRJ�l�sUJ�H/groxqruh�<o¢¼öPO¼p�ïs � nhPRQ/} l�sUJ�H/ghPd|�s HKL$q'JMPdq'J
q�sOl�P�sO|+ipL$qhu sO|*J�ghP�oxqhj�LOQ/l sUJ�oxL$qz|Mm,PdHRo���P�� oxq²J�grP � nhPRQ�}²ox|�s�|/nhN�|MPRJtLOj<J�ghP�oxqhj�LOQ/l sUJ�opL$q
|�m	PdHRo ��P�� oxq�J�grP*l sUJ�H�ghP��²qrsOl�PO¼�¹hLOQ&P��asOl m�ipPO�'s�nr|MPRQ�l sd} |�nrN�l opJ�s � nhPRQ/}�|/nrH/g�sO| �����	�
�O� �	�K�O�'¡U���K©�

� �M�R�p�/�¨�R�/��� ��������� ��JML�Q�PRJMQ/opPR{OPIJ�ghPIHKL$ixipPdHKJ�oxL$q�LOjÃ|�L$qhu$| �7opJ�ghL$nhJ�grsd{aoxqhu�JML
¸aqhL�� PdsOH/gw|ML$qhu .Þ|*qrsOl�PO¼
¹rLOQ �rox|/HKL°{OPRQ�}²sOq��²P��am�ipLOQ/sUJMLOQ�}6m�nhQ/m	L$|�Pd|R�bs�n�|MPRQ�l sd}²ox|�|/nhP � nhPRQ�opPd|&J�grsUJ�sUQ�P3l�LOQ/P3HKL$l �
m#ipP�� J�grsOq�sOq�P��hsOHKJ � nhPRQ�}O¼1GYnhQ!mrQ/LOm	L$|�P���k 	3f |/nhmrm,LOQ�J�|�HKL$l�m#ipP�� � nrPRQ/opPd|!|/nrH/g6sO|�Q/sOqhuOP
� nhPRQ/oxPd|3sOq�� |/oxl oxixsUQ�opJ~} � nhPRQ�opPd|R� �*groxH/g sUQ�P J~}bm�oxHRsOi!LOm,PRQ/sUJ�opL$qr|�oxqEJMQ/s��roxJ�opL$qrsOi �rsUJ�sUN�sO|�Pd|
sOq��[oxqhj�LOQ/l sUJ�opL$q(Q�PRJMQ/oxPR{¨sOit|M}a|MJMPdl |d¼(¹hLOQ�P��asOl�m#ipPO�!s
�hQ/ox{OPRQ l sd} ox|�|�nrP6s Q/sOqruOP � nhPRQ/}
|/nrH/g sO| ���!�#� ���a� �¢�r�/���[� �d�R�U�]� �O�����O�½�/�d� �1�/�K����$O�����[�U�	����� �a¼ � nr|�PRQ�nr|�o¶qhu s � S �
HKL$q'JMPdq'J �¢N�sO|MP��(l�nr|/oxH�oxqhj�LOQ/l sUJ�opL$q Q�PRJMQ�opPR{¨sOi�|�}b|MJMPdl l sd} ox|�|/nhP�s |�oxl o¶ixsUQ/opJã} � nhPRQ/} �����	�
���h�������K�U�b¡U�3� �¨�]�1�]� �����§�U���¢��$��¶�7��� �a¼
Â7ghP*Jã}'m,PILOjÃHKL$q'JMPdq J7J�grsUJtHRsOq�N,PI|MPdsUQ/H�ghP��²N'}�J�ghP�k 	3f�o¶|!uOPdqhPRQ�sOi8sOq���HRsOq²N,P �h}aqrsOl oxH �
� � �rµ#� ³ � µ°¬ � µ �Ç¬ � �Ç¬b®d¬ � µ��hµÇ¯�³ � � ÀÁq�J�ghP�sUm�m�ixoxHRsUJ�opL$q�|(�1P�sUQ�P7J�sUQ�uOPRJ�oxqhuh�'J�ghP �hPd|�HKQ/oxmrJ�opL$qr|
LOj�HKL$q'JMPdq'J �hL6qhLOJ*g�sd{OP�JML6N,P�gropPRQ�sUQ/H/gro¶HRsOi
oxq qrsUJ�nrQ�P�ixop¸OP �hL$l sOoxqwqrsOl�Pd|�LOQ �ropQ/PdHKJMLOQ/opPd|R¼
k&L$q JMPdq'J*qrsOl Pd|7oxq²J�ghPd|�P�sUmrm�ixo¶HRsUJ�opL$qr|&LOj�JMPdq �rox|�m�ixsd}6s-�#sUJ7|�JMQ/nrHKJ�nhQ�PO¼ º �hsOl�m�ipPd|�o¶qrHRixn��hP
J�grP �hPd|�HKQ�opmrJ�opL$qzLOj�s6|MPRQ�{aoxHKPO�#J�ghP�l�PRJ�s���sUJ�s�LOj!s �#ipPO��sOq�� J�ghP�j PdsUJ�nrQ�P�{OPdHKJMLOQILOj!sOqwl�m �
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�	ipPO¼w¹rnrQ�J�ghPRQ/l�LOQ/PO�<HKL$q'JMPdq'J�| sUQ�P²oxq��hPRm,Pdq��hPdq'JYLOj�PdsOH�g LOJ�ghPRQd��sOq�� J�ghPR} �hL qhLOJ�ixoxqh¸ JML
PdsOH�g LOJ�grPRQ7ixop¸OP ��PRN m�sUuOPd|R¼
� � � ��´(¯ � �$³ � µ°¬ � µ � Â�ghP �rPd|�HKQ/opmrJ�oxL$q LOjÃs�m�opPdHKP*LOjÃHKL$q'JMPdq J�l s°}�H/g�sOqhuOPIL°{OPRQ�J�oxl PO¼<¹rLOQ
P��hsOl�m�ixPO� �7ghPdq[sEHRsOl PRQ/sELON�|MPRQ/{OPd| s
�ro��,PRQ�Pdq'J�|�m	PRP��
�!opJ�l�n�|MJ H/grsOqruOP opJ�| �hPd|�HKQ�opmrJ�opL$q
sOq�� sOq�qhL$nrqrHKPd|YopJ+JMLzJ�ghP�k 	3fw|M}a|MJMPdlz¼ � |Y|�nrH�g8�8opJYox|7m,L$|�|/opN�ipP�j LOQIJ�ghP�k 	3fwJMLzsOqr| ��PRQ
� nhPRQ/oxPd|1|�n�H/g²sO| �����#�6�U� �8���a�Y�£�°�$���R��¥°�����O�h�3���b�O�!�U����¥/�U�b¡'�]�K�~��� �a¼1Â�grox|�ox|�oxq�HKL$q'JMQ/sO|MJtJML�s
Jã}'m#oxHRsOi­|�PdsUQ/H/gwPdqhu$oxqhPO� �7gro¶H/gzN�n�oxi �r|topJ�| �rsUJ�sUN�sO|MP�N�sO|MP��wL$q |MJ�sUJ�oxH�HKL$q JMPdq'J+o¶qhj LOQ�l sUJ�opL$q8¼
¹rLOQ�P��hsOl�m�ipPO�
sz|MPdsUQ�H/gEPdqhu$o¶qhP�l sd} N,P�sUN#ipP�JMLzQ�PRJ�nhQ/qEs²ixox|�J+LOj�ixoxqh¸a|*LOj�HRixsO|/|�oxHRsOi�l�nr|�oxH
|�J�sUJ�opL$qr|R�8N�nrJ*opJ+J~}bm�oxHRsOixix} HRsOq qrLOJ+u$ox{OP�J�grP�nr|�PRQIsOq sOqr| �1PRQIJML �����#� ���a���K�¢�O�����U� ���b�$��� �
¥d�a�����K�����Ì©��#�p�U©U� �b¡ � �/�d���b� &O�K��� �����U�#¥��R�]�¢����� � � �a�8sOq�� J�ghP�nr|MPRQIl s°}wgrs°{OP�JMLzHRixo¶H�¸ PdsOH�g
LOj<J�ghPYm,LOJMPdq'J�oxsOixip}6l sOq'}²i¶oxqh¸a|1JML �#q��²J�ghP �rPd|�opQ�P��²|MJ�sUJ�opL$q
¼

�	� ³8³�� � � � � � � ¯ � ¯ µ �	�
»EPwsUQ�P oxq'JMPRQ�Pd|MJMP�� o¶q[sUmrm�ixoxHRsUJ�oxL$qr|�J�grsUJ grsd{OP l sOq'}(qhL �hPd|�Q/n�qrqroxqhuwL$q[J�ghP'�7o �hPzsUQ�Pds
À£q'JMPRQ/qhPRJR¼�Â7ghP q'n�l�N,PRQ3LOj&qhL �hPd|3oxq J�ghP�|M}b|�JMPdl:l s°} N,P�L$q J�ghP LOQ �hPRQ�LOj1JMPdqr|�LOj&J�ghL$n �
|/sOq��r|R¼ � |�|�nrH/g
�!N,LOJ�g J�ghP sOl�L$nrq'J�LOjIHKL$q JMPdq'J�sOq��[J�grP²qbnrl�N,PRQ�LOj � nhPRQ/opPd|�sUQ�PwixsUQ�uOPO¼
��}z|�HRsOixsUN#oxixopJã} ��P�l�PdsOq J�g�sUJ7sO|�J�ghP3ixL$s�����PO¼öuh¼p��J�grP3Q�PRu$ox|MJMQ�sUJ�opL$q sOq�� � nhPRQ�}6Q/sUJMP�	�JML�J�ghP
|�}b|MJMPdlCoxqrHKQ�PdsO|�Pd|R� J�ghPtm,PRQ�j�LOQ/l sOq�HKPtLOj	J�grP+k 	3f	� |�n�H/g sO|!J�ghQ�L$nhu$ghm#nhJ�sOq���Q�Pd|Mm,L$qr|�PtJ�oxl�PO�
l�nr|MJ�qrLOJ �hPRuOQ/s��hP�|�oxu$qro��#HRsOq'J�ip}3N,PRj�LOQ�P&J�ghP�|M}a|MJMPdl sO|�s �*ghL$ipP&Q�PdsOH/grPd|�opJ�|�HRsUm�sOHRoxJ~}O¼�vwLOQ�P
|�m	PdHRo �#HRsOixip}O�aJ�ghP�k 	Yfzl�nr|�J�l�PRPRJ�J�ghP3j�L$ixipL��7oxqhu�|�HRsOixsUN#oxixopJã}�H/g�sOixipPdqhuOPd|R¼
�0� � � ¬ ��¯ µÇ«�
 �Ã¬ �¨¯�¬b®�� Â�ghP7ox|/|�nhP�ox|�J�g�sUJ!ghL�� l sOq'} l�Pd|�|�sUuOPd| �7oxixibN,P7oxq'{OL$ip{OP�� o¶q�Q�Pd|ML$ip{ �
o¶qhu�s � nhPRQ�}O¼�¹hLOQ7P��asOl�m#ipPO�bs�|M}a|MJMPdl�J�grsUJ�l�nr|MJ�NrQ�L$s���HRsO|MJts � nhPRQ�}�JML s�i¶sUQ�uOPIm	LOQ/J�opL$q�LOj
J�grP�qhPRJ%�1LOQ�¸ o¶|�oxqhP���HRoxPdq JR��sOq�� J�ghP�|�}b|MJMPdl sO|*s �7ghL$ipP �rL'Pd|*qhLOJ7|�HRsOipP �7opJ�gzJ�grP�q'n�l�N,PRQ
LOj � nhPRQ/opPd|d¼
�0� � � ¬ �6¯¶µ¨«��¨¬ �#¯�®Rµ � �hµÇ¯�³ � ®�� Â�ghP6k 	Yf l sd}ELON#|MPRQ�{OP�g�opu$g Q�PRu$o¶|MJMQ/sUJ�opL$q ipL$s�� Q�Pd|/nripJ�oxqhu
j�Q�L$l m	L$|/|�opN�ip} j Q�P � nhPdq'J �h}aqrsOl oxHzHKL$q'JMPdq'J6nhm��rsUJMPd|d¼ º �hox|MJ�o¶qhuE|M}b|�JMPdl |�|�n�H/g sO|�|MPdsUQ/H�g
Pdqru$oxqhPd|6J~}bm�oxHRsOixix} �rL(qhLOJzHKL$qrHKPRQ�q J�grPdl |MPdip{OPd|��7opJ�g Q�PRu$ox|�JMQ/sUJ�opL$q ipL$s��8�7|�o¶qrHKP J�ghPR} sUQ�P
J�sUQ/uOPRJ�oxqhu�HKL$q'JMPdq J�|+J�grsUJ�sUQ/P�l�L$|MJ�ip}²|MJ�sUJ�oxH�|�nrH/g sO| ��PRN m�sUuOPd|R¼
�0� � � ¬ ��¯ µÇ«½µÇ«­¬ � ³���� �¨¬ ������� � ¬b®d® µÇ«­¬ � ³���� �<¯�®Rµ �U¯ � �ÃµÇ¯�³ � � ��PdsOi¶ox|MJ�oxH�ipL$s�� o¶|�LOj�JMPdq
|�¸OP"�1P��8¼ ¹rLOQ�P��hsOl�m�ipPO�
J�grP��rox|MJMQ/oxN�nhJ�opL$q LOj � nhPRQ�} oxq'JMPRQ�Pd|MJ�|YsUQ�P LOj�JMPdq |M¸OP"��P�� sOq�� J�ghPdopQ
m,LOm�n�ixsUQ/opJã}wl s°} N,P �rnhP�JMLws HKPRQ�J�sOoxq PR{OPdq JR�ïJ�ghP�|ML
�~HRsOi¶ipP�� � �#sO|�g HKQ�L�� � �zP��	PdHKJR¼ � |3sOq
P��hsOl�m�ixPO�!J�ghP ��LOQ � �/GIip}al�m�oxHR|�� N,PdHKL$l�Pd| s ghPds°{bo¶ip} � nhPRQ/opP��(JMPRQ/l �*groxipP6J�ghP GIip}al�m�oxH
¿YsOl�Pd|Yox|�uOL$o¶qhu�L$q
¼+Â�g�ox|7ox|7JMQ/nhP�j LOQ+N,LOJ�g Q/PRu$ox|MJMQ/sUJ�opL$q sOq�� � nhPRQ�} ipL$s��8¼+Â�ghP�mrQ�LOm,L$|MP��
k 	Yfzl�nr|�Jtm	PRQ/j LOQ/l ��Pdixi
n�q��hPRQtJ�grox|&Jã}'m,PYLOj�|M¸OP"��P�� ipL$s��
¼
�0� � � ¬ �ã³�� �$³	´�� � ¬ 
�
 �Ã¬ �U¯ ¬b®�� �InhPRQ/oxPd|�|�nrH�g sO|�Q/sOqhuOP � nhPRQ�opPd|3sOq�� |�oxl oxi¶sUQ/opJ~} � nrPRQ/opPd|
sUQ/P�HKL$l�m�ipP��,�­sOq��EJ�ghP6k 	3f l�nr|MJ�N	P sUN#ipP�JML grsOq���ipP�J�ghPdlÒP���HRoxPdq J�ip}O¼�¹hLOQ�P��hsOl�m�ixPO�­s
n�|MPRQ�l�sd} |Mm,PdHRopj�}Es � nhPRQ�}EJ�grsUJ�HKL°{OPRQ/|�swixsUQ�uOP�Q�sOqhuOPO��J�ghP�HKL$|�J�LOj�qrsOox{OPdip}E|MPdq��roxqru J�ghP
� nhPRQ�}6JML�s qbnrl�N,PRQtLOj<qrL �hPd|&m�Q�LOm,LOQ�J�opL$qrsOi	JML J�ghP�Q/sOqhuOP�ipPdqruOJ�gzl sd}²N,PYmrQ�L$groxN�opJ�op{OPO¼

» groxipP �1P sUQ�P �hPd|�opu$q�oxqhu s(|MPdsUQ/H/g�sUN�ipP sOq�� |/HRsOixsUN�ipPEk 	3f |M}a|MJMPdl J�grsUJ²l�PRPRJ²J�ghP sUN	LÇ{OP
H/g�sOixipPdqhuOPd|R��J�ghP3|M}a|MJMPdl ��PYmrQ�Pd|MPdq'J7oxq²J�g�ox|&J�ghPd|�ox| �hL'Pd|7qhLOJ�s����hQ�Pd|/|tJ�ghPYj�L$ixipL��*oxqhuh¼

� GYnhQ3|M}a|MJMPdl �hLbPd|3qhLOJYQ/PRm�ixsOHKP sOqEÀ£q JMPRQ�qhPRJ�|MPdsUQ/H�g Pdqhu$o¶qhP�LOQ�szj�nrixi � �#P��huOP�� oxqhj�LOQ/l sUJ�opL$q
Q/PRJMQ/opPR{UsOi8|M}b|�JMPdlz¼�À£q²m�sUQ�J�oxHRnri¶sUQd�aL$nhQ�|M}a|MJMPdl �hLbPd|�qhLOJ�sOqrsOix} �RPYJ�ghP3|�Pdl sOq J�o¶H3l�PdsOqroxqru�LOj
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s�m�opPdHKP�LOj
HKL$q'JMPdq'JR�bLOQ�J�ghP�Q/PdixsUJ�opL$qr|�g�opm�N,PRJ���PRPdq�m�oxPdHKPd|�LOj8HKL$q JMPdq'J ��PO¼öuh¼p�)�1PRN�m�sUuOPd|!	��hsOq��
J�grPdopQYQ�PdipPR{UsOqrHKPd|IJML s � nhPRQ�}O¼ �*L���PR{OPRQd�ïopJYox|Im,L$|�|�opN�ixP3JML s����E|�nrH�gEsOqrsOip}a|�ox|+JML qhL �hPd|Ioxq
L$nrQ7|M}a|MJMPdl�sO|�s�HKL$l�m�ipPdl�Pdq'J�sUQ�}²j�nrqrHKJ�opL$qrsOi¶opJ~}O¼

� GYnhQ�|M}a|MJMPdl �rL'Pd|�qhLOJ�Pdqhj�LOQ/HKP�|�JMQ/oxHKJ�HKL$q'JMPdq J�HKL$qr|�o¶|MJMPdqrHK}O¼ GInhQ�|�}b|MJMPdl ox| �hPd|/opu$qhP��Ej�LOQ
i¶sUQ�uOP �~|�HRsOipP ipLbL$|MPdip} HKL$q JMQ�L$i¶ipP�� m,PRPRQ��¢JML
�¢m,PRPRQ�sUmrm�ixo¶HRsUJ�opL$qr|R¼E»EP nr|�P²|�LOj J �~|MJ�sUJMP mrQ�LOJMLaHKL$ix|
sOq�� �hL qhLOJ�Q�P � nropQ�P�HKL$q'JMPdq J�mrQ�LÇ{bo �rPRQ/|YJML sOHKJ�op{OPdix} oxq {UsOixo ��sUJMP�J�grPdopQ3Q�PRu$ox|�JMPRQ�P�� HKL$q'JMPdq J�|
�*ghPdq(J�ghPR} ipPds°{OP J�ghPz|M}a|MJMPdlz¼ Â7grox|�ox|�s Q�PdsOixox|MJ�o¶H�sO|�|/nrl�mrJ�opL$q(oxq(J�grsUJ�oxq(m,PRPRQ��¢JML
�¢m,PRPRQ
|�}b|MJMPdl�|R�1HKL$q'JMPdq J�mrQ�L°{ao �hPRQ�|�l�sd} |�oxl�m�ix} ipPdsd{OP/�*opJ�ghL$nhJ�qhLOJ�opj�}bo¶qhuwJ�grP²|�}b|MJMPdl ¼ À£q(L$nhQ
|�}b|MJMPdl � �*ghPdqws�mrQ�LÇ{bo �hPRQ7Q�PRu$o¶|MJMPRQ/|Is�m#opPdHKP�LOj1HKL$q JMPdq'JR�
opJ*l�nr|MJIsO|�|MLaHRoxsUJMP�sOqwP��bm�oxQ/sUJ�opL$q
J�o¶l�PRQ �7opJ�g�J�ghPYHKL$q JMPdq'JR�#sOq���J�grPIqrL �hP+J�grsUJtQ�PdHKPdox{OPd|&J�ghP3HKL$q JMPdq'J �7oxi¶i�m�nrQ�uOP*J�grPIHKL$q'JMPdq'J
�*ghPdq�J�grP!J�oxl�PRQ<ox|ïnhm
¼ �1PRj�LOQ�P�J�ghP�J�oxl�PRQïP��bm�oxQ�Pd|R�UopJ­ox|Ãm,L$|�|�opN�ixP�J�grsUJ­J�grP�HKL$q'JMPdq J�l�PRJ�s���sUJ�s
s�HRixoxPdq J�Q�PRJMQ/opPR{OPd|to¶|�o¶q {UsOixo �8�'opj
J�ghPYHKL$q'JMPdq JtmrQ/L°{ao �hPRQ&grs��²ipPRj JR¼ ��}6nr|�oxqhu�s�J�oxl�PRQ�j LOQtPdsOH�g
Q/PRu$ox|MJMPRQ�P�� HKL$q'JMPdq'JR����P3l sU¸OP�|�nhQ/PYJ�grsUJtJ�grox|&Jã}'m,PYLOj<oxqrHKL$qr|�o¶|MJMPdqrHK}�o¶|�qrLOJ�m,PRQ/|�ox|MJMPdq'JtsOq��
oxJ�ox|3N,L$nrq�� N'}EJ�ghP�J�oxl�PRQd¼²¹hLOQ�sUmrm�i¶oxHRsUJ�opL$qr|IJ�grsUJ�Q�P � nropQ�P�|�JMQ/oxHKJ�HKL$qr|/ox|MJMPdqrHK} |�n�H/g sO|�s
N#sOqh¸ JMQ/sOqr|�sOHKJ�opL$q |M}a|MJMPdlz�­oxJ�ox|3HKL$qrHKPdox{¨sUN�ixP J�grsUJ�l�LOQ/P�|MLOm�gro¶|MJ�oxHRsUJMP�� m�Q�LOJMLbHKL$i¶|3HRsOq N,P
s����hP��zJML L$nhQ*|M}b|�JMPdl JML�sOH�gropPR{OP3J�ghP�HKL$qr|�ox|MJMPdq�HK}�uOL$sOi�¼

� GYnhQ!|M}a|MJMPdl �hLbPd|!qrLOJ�s����hQ�Pd|�|!HKL$q JMPdq'J �rPdixop{OPRQ�}O� �*groxH/g
�$oxq�s����ropJ�oxL$q�JML�HKL$q JMPdq'J �rox|�HKLÇ{OPRQ�}O�
o¶|�szj�nrqrHKJ�opL$q�sOixopJ~} LOj�JMPdq qhPRP��rP�� oxqEJ�grP�sUmrm�i¶oxHRsUJ�opL$qr|#��P�sUQ�P�J�sUQ�uOPRJ�oxqhuh¼²À£q L$nhQ�|M}a|MJMPdlz�
��P�oxl m�ipPdl�Pdq'J&J�ghP�HKL$q'JMPdq J �rox|�HKLÇ{OPRQ�}²j�nrq�HKJ�opL$qrsOixopJã}O�hoxqzJ�grsUJ�J�grP3|M}b|�JMPdl Q�PRJ�nhQ�qr|ts |MPRJ�LOj
l�sUJ�H/groxqru qrsOl Pd|�j�LOQ�PdsOH/g � nhPRQ�}O¼wÂ7grox|�l�sd} N,P6|�n)��HRopPdq'J�j�LOQ�|ML$l�P²sUmrm�ixoxHRsUJ�oxL$qr|R�ïPO¼öuh¼p�
�*ghPdq s6n�|MPRQIJMQ/opPd|+JML²Q�PRJMQ/opPR{OP�J�ghP�|Mm,PRP�� oxqhj�LOQ/l sUJ�opL$q oxq J�ghP�JMQ/s ��H�l�L$q�opJMLOQ/oxqhu6|MPRQ�{aoxHKPO¼
�*L���PR{OPRQd�boxq�|ML$l P1LOJ�ghPRQ�sUm�m�ixoxHRsUJ�opL$q�|R�°m,L$|MJ �~HKL$q'JMPdq J ��ox|�HKL°{OPRQ/}�sOHKJ�opL$qr|R�$|/nrH/g�sO|ïQ�PRJMQ/opPR{aoxqhu
J�grP �rox|/HKL°{OPRQ�P��wHKL$q JMPdq'JR�	l�sd}zJ�sU¸OP�m#ixsOHKPO¼�¹rLOQ*P��hsOl�m�ipPO�#s�nr|MPRQ*l sd}'�&sOq J7JML�HKL$qrqhPdHKJ*JML
J�grP�Q/s��roxL |MJ�sUJ�opL$q grP3j L$n�q��zJML�ixo¶|MJMPdqzJML�J�grP�ixop{OP3l�nr|�oxHU¼tfaoxl o¶ixsUQ/ip}O�hsUj�JMPRQ �rox|/HKL°{OPRQ/oxqru J�ghP
À � s����hQ�Pd|�|YLOj&J�ghP�m,PRPRQ3J�g�sUJ3L��7q�|�szm�sUQ/J�oxHRnrixsUQ �#ipPO�ïs²m,PRPRQ�l sd} J�ghPdq HKL$qrqhPdHKJ3JML J�grsUJ
m,PRPRQ7sOq��zQ�P � nhPd|MJtJ�ghP �	ipPO¼

�
	�� � �!�/���	����� %*���

º �hox|MJ�o¶qhu6k 	3f |M}b|�JMPdl |*g�sd{OP �ro���HRn�ipJ�opPd|�oxqwsOH/groxPR{boxqru�N,LOJ�g Q�oxH/gw|MPdsUQ/H/g�sUN�oxixopJã} sOq�� |�HRsOixsUN�oxi¶opJ~}O¼
»EP |�nhQ/{OPR} J�ghP�k 	3f |ML$ixnrJ�opL$qr|+oxq P��aox|�J�oxqhu²sUmrm�ixoxHRsUJ�oxL$qr|R¼ �&sO|MP��EL$qEghL��-J�ghP�k 	3f qhPRJ���LOQ�¸ ox|
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	�
��

�� � ��! � � ����@
� ����� F �ã@
� �¢FÃA !
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¼+»EP�j�nhQ�J�grPRQ+HRixsO|/|�opj�} |M}a|MJMPdl |Ynr|�o¶qhu�s �rox|�JMQ/opN�nhJMP��
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�*L���PR{OPRQd�#J�grP3gropPRQ/sUQ/H�groxHRsOi,JMLOm,L$ipLOuO}zgrsO|�|�L$l�P3j�nrq��rsOl�Pdq'J�sOi8|�ghLOQ/J�HKL$l oxqhu$|R¼
¹<opQ/|�JR�hJ�ghP3sOl�L$nrq'J�LOj<oxqhj�LOQ/l sUJ�opL$q6J�grsUJ7l�nr|MJtN,PImrQ�LOm#sUu$sUJMP�� nhmzJ�ghPYJMQ/PRP�l sd}²N,PYgropu$g8¼�À£q

	#�If � V � �¢�
J�ghP groxPRQ/sUQ/H/g�oxHRsOi<qrsOl�Pd|YHRsOqEN,P�sUuOuOQ�PRu$sUJMP����1Pdixi ��nhP�JMLzJ�ghPdopQ3gropPRQ�sUQ/H/gro¶HRsOiïq�sUJ�nhQ�PO�
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LOj �rsUJ�s�JML N,PIJMQ/sOqr|�j PRQ�Q/P��8¼
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m�Q�LOJMLbHKL$i¶|3|�nrH�gEsO| 	  Iv � � � * � �!sUQ�P�J~}bm�oxHRsOixix}wnr|MP�� JML s°{OL$o � l Pd|�|�sUuOP ipLbLOm�oxqhuh¼�À£q J�grox|
|�L$ixnhJ�opL$q8�*s(HKL$q'JMPdq'J qrsOl�PEox|6Q�PRm�i¶oxHRsUJMP�� sUJ²sOi¶i+qrL �hPd|²oxq J�ghPE|M}a|MJMPdlz¼ » opJ�g J�gro¶|�j�nrixi
Q/PRm�ixoxHRsUJ�opL$q
� � nhPRQ�}EQ�Pd|ML$i¶nhJ�opL$q HRsOq N,P �hL$qhP�P���HRopPdq'J�ip} ��s HRi¶opPdq J�|MPdq��r|�opJ�| � nhPRQ�} JML J�ghP
qrL �hP&J�grsUJ1opJ�HKL$qrqhPdHKJ�|�JMLh�bsOq���J�ghP�qhL �hPtHKL$l�m�sUQ/Pd|�J�ghP � nhPRQ�}��*opJ�g�Pdq JMQ�opPd|�oxq�opJ�| �rsUJ�sUN#sO|MP
sOq��²Q�Pd|ML$ip{OPd|&J�ghP � nhPRQ�}O¼�Â�g�ox|�J~}bm	PILOjïl�PdH/grsOq�ox|�l�ox|&nr|MP��zoxq6l sOq'}�|M}a|MJMPdl |d�hPO¼öuh�rÀ �Yf � � �
j�LOQ7|MPRQ/{boxHKP �rox|�HKLÇ{OPRQ�}O��sOq��wfhopPdqrs � � V �Ãj�LOQ�m�nhN��¨|�nhNz|M}a|MJMPdl |R¼
Â7grox|IsUmrmrQ�L$sOH�g
�hLbPd|YqhLOJ3|�HRsOipP-�7opJ�g J�ghP sOl L$nrq JILOj&HKL$q JMPdq'JR�ÃN,PdHRsOnr|�P'� � 	IPdsOH/gEQ�Pd|�L$ip{OPRQ
l�nr|MJ+|MJMLOQ�P�sOixi
J�grP�HKL$q'JMPdq J�|Yo¶q J�ghP�|M}b|�JMPdl �	sOq��&��S 	�PdsOH/gEqhP"�½HKL$q JMPdq'J3qrsOl�P �7oxixi8HRsOn�|MP
�&sd{OPd|*LOj<NrQ�L$s��rHRsO|�J7l�Pd|�|�sUuOPd|7J�ghQ�L$nhu$grL$nhJtJ�ghP�qhPRJ%�1LOQ/¸#¼
fhopPdqrs � � V �ïJMQ/opPd|7JML�oxl�m�Q�L°{OP�|�HRsOixsUN�oxi¶opJ~}6N'}²P��am�ipLOQ/o¶qhu�J�ghP�Q/PdixsUJ�opL$qr|�g�opmzN,PRJ���PRPdq �ro �	PRQ�Pdq'J
Q/PRu$ox|MJMQ/sUJ�opL$q�|���|�nhN#|�HKQ/opmrJ�oxL$qr|!	��$PO¼öuh¼p�hs3Q/Pd|ML$ip{OPRQ�J�grsUJ!Q�PdHKPdox{OPd|�s�qhP"� HKL$q JMPdq'J�q�sOl�PO�'N�Q�L$s�� �
HRsO|�J�|!opJ<L$qrip}�opj�J�grP�qhP"� qrsOl�P�ox|<qhLOJ �MHKLÇ{OPRQ�P�� ��N'}�|ML$l�PtmrQ/PR{bopL$n�|�HKL$q JMPdq'J!qrsOl�PtJ�g�sUJ�grsO|
N,PRPdq NrQ�L$s��rHRsO|MJ*N,PRj LOQ�PO¼ �*L���PR{OPRQd�,J�ghP �hPRuOQ�PRP�LOj�sUuOuOQ�PRu$sUJ�opL$q J�grsUJ+HRsOq N,P �hL$qhP�ox|�LOj�JMPdq
i¶oxl opJMP��8��|/oxqrHKP²J�ghPzqrsOl�Pd|/��o 	��rL qrLOJ�qrPdHKPd|�|�sUQ/oxix} Q�PdixsUJMP²JMLEL$qhP sOqrLOJ�ghPRQd�1sOq�� ��oxo 	�l sd}
qrLOJ �rox|Mm�i¶sd}�s�groxPRQ/sUQ/H/g�oxHRsOi,qrsUJ�nhQ�PO¼1¿+Q/}'m�grL$q � *��Ãoxl�mrQ�LÇ{OPd|&J�ghPYQ�Pd|ML$ix{OPRQ .Þ|�ipLaHRsOi8l sUJ�H/g�oxqhu
sOixuOLOQ/opJ�grl Nb}²HKL$qr|MJMQ/nrHKJ�o¶qhu s l sUJ�H�groxqhu�JMQ�PRP�L�� �~ixo¶qhPO¼

� �YnhPRQ�} ��L'L �roxqru�|ML$i¶nhJ�opL$q
À£q J�g�ox|7|ML$i¶nhJ�opL$q8��qrL �hPd| �hL�qrLOJ*sOHKJ�op{OPdip} Q�PRu$ox|MJMPRQ*J�ghPdopQ*HKL$q'JMPdq'JIq�sOl�Pd| �*opJ�g LOJ�ghPRQIqhL �hPd|
o¶q�J�grP�qhPRJ���LOQ�¸	¼ïÀ£qr|MJMPds��
�$J�ghPR}�L$qrip}�l sOo¶q J�sOoxq�J�ghPdoxQ�L��7q�HKL$q'JMPdq J�|d¼�» grPdq�sYqhL �rP1Q�PdHKPdox{OPd|
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s � nhPRQ�}O�<opJ�H�ghPdH�¸a|�opJ�|�ipLaHRsOi!|�PRJ�LOj�HKL$q'JMPdq J�qrsOl�Pd|d�<sOq�� opjtopJ�HRsOq qhLOJ��#q�� swl sUJ�H/g(j�LOQ
J�grP � nhPRQ�}O�,opJ �7oxi¶i8j LOQ ��sUQ � J�ghP � nhPRQ�}zJML²opJ�|*qhPdopu$g'N	LOQ�|�oxq J�grP�|M}a|MJMPdlz¼ � |+|�nrH/g
�#s � nhPRQ/}
l�sd} g�sd{OPzJMLEJMQ/s°{OPRQ/|MP s ixsUQ�uOP6m,LOQ�J�opL$q(LOj�J�ghPzqhPRJ%�1LOQ�¸(N,PRj LOQ/P6s l sUJ�H�g[HRsOq N	P6j�L$nrq��8¼
Â7ghP�mrQ�LOm�sUu$sUJ�oxL$q LOj1J�ghP � nhPRQ�} l s°}wj�L$ixipL�� l�PdH/grsOq�ox|�l |Y|�n�H/gEsO| ��Q�Pds��rJ�gE¹ïoxQ/|MJ�fbPdsUQ/H�g
� �&¹�f
	*sOq�� 	+PRmrJ�g ¹ïoxQ/|MJIfaPdsUQ/H/g � 	I¹�f
	�¼Ãfb}b|�JMPdl |*n�|�oxqhu J�g�ox|7Jã}'m,P�|ML$ixnhJ�oxL$q oxqrHRi¶n��hP � S �
sUm�m�ixoxHRsUJ�opL$q�|7¿Iq'nrJMPdixixs � � T��ÃsOq�� ¹hQ�PRPdqhPRJ��öS � �¢¼
Â7ghP1|�grPRPRQïqbnrl�N	PRQÃLOj�l�Pd|�|�sUuOPd|<oxq�HRnhQ�Q�P��YNb}YPdsOH/g � nhPRQ�}YHRipPdsUQ/ix}YQ�Pd|�nripJ�|­oxqYm,LbLOQï|�HRsOi¶sUN�oxixopJã}
�*opJ�g�J�ghPtq'n�l�N,PRQ�LOj � nhPRQ�opPd|R¼<k&L$qr|MP � nhPdq J�ix}O� s � nrPRQ�}bo¶qhu+qrL �hPtl s°}�P��bm,PRQ/opPdq�HKP&ixL$qhu �hPdixsd}
o¶q Q�Pd|ML$ix{boxqru L$qhP � nhPRQ/}O�<sOq�� l s°} qhLOJ�uOPRJ�Q/Pd|�nripJ�|�PR{OPdq opj&J�ghPRQ�P6P��aox|�J�|�swl sUJ�H/g[oxq J�ghP
|�}b|MJMPdl ¼
Â7ghPRQ�P�grs°{OP!N,PRPdqY|ML$l�P�Q/PdHKPdq J$��LOQ�¸+J�grsUJ
JMQ/oxPd|8JML7oxl�m�Q�L°{OP1¿IqbnhJMPdixi¶s).Þ|
|�HRsOixsUN�o¶ixopJ~}O¼ �3s ¾,sOs � V � �
o¶l�mrQ�LÇ{OPd|7nhm,L$q ¿IqbnhJMPdixixs�Nb} �hPRm�ipLÇ}bo¶qhu |�nhm,PRQ/qhL �hPd|R�aN�nrJtJ�ghP�|M}a|MJMPdl �*o �hP ��LbL �ro¶qhu�l sd}
|�J�oxixibN,P�nr|MP�� oxq�J�grP �1LOQ/|�J!HRsO|MPO¼�Â­L�oxl�mrQ/L°{OP�|�HRsOixsUN#oxixopJã}O�$HRsOH/groxqru�ox|<LOj�JMPdq�nr|MP�� � � � �¢¼ �7L�� �
PR{OPRQ°�!HRsOH/gro¶qhu ��LOQ�¸a| �1Pdixi1L$qrip} oxj � nhPRQ/oxPd|�oxq J�ghP²|M}a|MJMPdl �rox|Mm�i¶sd} JMPdl�m,LOQ/sOi�sOq�� |�m�sUJ�oxsOi
HKLOQ/Q�PdixsUJ�opL$q8�asOq��6opJ �rL'Pd|�qhLOJ ��LOQ�¸ ��Pdixi�j LOQ �h}aqrsOl oxH�HKL$q'JMPdq'JR¼!À£q � � � �¢�h|MPR{OPRQ/sOi#JMPdH/g�qro � nhPd|
g�sd{OP�N,PRPdq mrQ�LOm,L$|MP�� JML�l sU¸OP�¿IqbnhJMPdixi¶s l�LOQ�P�|�HRsOixsUN�ipPO�,sOq��wopJ*ox|*|�ghL��7q J�grsUJIsUuOuOQ�Pd|�|/op{OP
HKL$q'JMPdq'J�Q�PRm�ixo¶HRsUJ�opL$q�l PdH/grsOqro¶|�l |�HRsOq�l sU¸OPtJ�ghPt|M}a|MJMPdl>m,PRQ�j�LOQ/l �1Pdixibj�LOQ�m,LOm�nrixsUQ � nrPRQ/opPd|R¼

� �
®Rµ°¬a´ ® � �r®d¬ � ³ � ®dµ ��� �Oµ � �¨¬ � ³��#¬ � � � �
®
GIqhP�Q/PdsO|ML$q�HRsOn�|�oxqhutJ�ghP1|�HRsOixsUN�oxi¶opJ~}+mrQ�LON�ixPdl |8oxqYsUN,L°{OP&|M}a|MJMPdl |
ox|
J�grsUJ­HKL$q'JMPdq J<qrsOl�Pd|ÃuOPdqhPRQ/sOixix}
�hL�qhLOJ�grs°{OP�sOq'}�Q�Pdi¶sUJ�opL$qr|�groxm �7oxJ�g�J�grP3qhL �rPd|1J�g�sUJ�ghL$|MJtJ�ghPdlz�rsOq��²J�ghPRQ�PRj�LOQ�PYNrQ�L$s��rHRsO|�J�oxqhu�LOQ
� nhPRQ�} ��L'L �roxqru�ox|�LOj JMPdq o¶qhPR{boxJ�sUN�ipPO¼
À£q3Q�PdHKPdq'Jï}OPdsUQ/|R� 	Iox|MJMQ/oxN�nhJMP�� �+sO|�g�ÂïsUN�ipPd|+� 	 �*Â7|!	��UPO¼öuh¼p�'k&ghLOQ � � �¨V �¢� k � � � �O� �¢� � sO|MJMQ/} � �$� �¢�

sOq�� ÂïsUm,Pd|MJMQ�} � * � �¢� grs°{OP7N,PRPdq�mrQ�LOm,L$|MP���sO|1sY|�HRsOixsUN�ixP�sOq���Q�LON�n�|MJ�ixsd}OPRQ1j LOQ�N#nroxi �ro¶qhu7ixsUQ�uOP*|�HRsOipP
�rox|�JMQ/opN�nhJMP��²sUmrm#ixoxHRsUJ�opL$qr|d¼�ÀÁq s�	 �*ÂY�	s��rsUJ�s�opJMPdl�HRsOq N	P3sO|/|MLbHRo¶sUJMP�� �7oxJ�g²J�ghP�qhL �hPYJ�grsUJ��7oxixi
ghL$|MJIopJR¼YÂ�gro¶|*ox|*J~}bm�oxHRsOi¶ip}��hL$qhP�N'}wsUmrm�ip}aoxqhu�s²nrq�opj LOQ�l�grsO|�gwj�nrqrHKJ�opL$qwJML²J�ghP �rsUJ�s²opJMPdlz�8sOq��
J�ghPdq |MJMLOQ/o¶qhu6oxJ7L$q J�ghP�qhL �hP��7grL$|MP�À 	Coxq J�grP�	 �+Â .Þ|I¸OPR}w|Mm#sOHKP�o¶|*HRipL$|�Pd|MJIJML6J�grP�grsO|/g8¼YÂ�grox|
mrQ/o¶l opJ�op{OP3l sU¸OPd|I|MPdsUQ�H/ghPd|+N�sO|MP��wL$qwP��asOHKJYqrsOl�P�ipLbLO¸bnhm#|tP���HRopPdq'JR�8sOq�� |M}a|MJMPdl � �*o �hP �#L'L �roxqhu
LOQ�NrQ/L$s��rHRsO|MJ�oxqhu o¶|�sd{OL$o �rP��8¼
Â�grPRQ�P�grsd{OP N,PRPdqEl sOq'} Q�PdHKPdq J�sOHKJ�op{boxJ�opPd|Yoxq N�nroxi �roxqhu�s²{UsUQ/opPRJã}wLOj&sUmrm�i¶oxHRsUJ�opL$qr|+L$qEJMLOm LOj

	 �*Â7|R¼ �*L���PR{OPRQd�,J�ghPd|MP�|M}a|MJMPdl |7g�sd{OP�{UsUQ/opL$n�|�ixoxl oxJ�sUJ�opL$qr|R�rsOq�� �hL�qhLOJ*l�PRPRJ7J�ghP �hPd|�opu$q uOL$sOix|
LOjÃJ�grP3k 	Yf,¼ �*PRQ�PO�)��P �rox|�HRnr|/|1s�j�P"� P��hsOl�m�ixP ��LOQ�¸6oxq�J�g�ox| �hL$l sOoxq8�asOq�� ��P#�7oxixi�mrQ�Pd|MPdq'Jtl�LOQ�P
�hPRJ�sOoxixP��6HKL$l m�sUQ/ox|ML$qzo¶q6o¶q��rop{ao �rnrsOihH�grsUmrJMPRQ/|d��|�oxqrHKP+L$nhQ�|M}a|MJMPdl ox|tsOi¶|ML�N�nroxipJ1L$q²JMLOmzLOjïs 	 �+ÂY¼
k&¹�f � ��� �tsOq�� �	� faÂ � � � ��sUQ�P²J���L
�rox|MJMQ�opN�nhJMP�� �#ipP�|�}b|MJMPdl�|�N#nroxipJ�L$q JMLOm LOjYk&ghLOQ � � �¨V ��sOq��
� sO|MJMQ�}�� �$� ��Q�Pd|Mm,PdHKJ�op{OPdip}O¼�faHKQ/opN,P � �d� ��o¶|+s²m#nhN��¨|�nhN |M}a|MJMPdl N�nroxixJ7L$q JMLOmELOj � sO|MJMQ/}�� �$� �¢¼�GIqhP
|�opu$q�o��#HRsOq'J�m�Q�LON�ipPdl �7opJ�g6J�ghPd|�P3|M}b|�JMPdl |�ox|�J�grsUJ�J�grPR} ��LOQ�¸�L$q�ip}�j�LOQ+�
�aP��zHKL$q JMPdq'J*qrsOl Pd|R�rsOq��
�hL6qhLOJ*sOixixL�� |�PdsUQ/H/gro¶qhuh¼t¹hLOQIP��asOl�m#ipPO��JML6nr|MP�J�grP 	 �*Â3�#s�HRi¶opPdq J*l�nr|�J7¸aqhL��½J�ghP�P��hsOHKJIqrsOl�P
LOjIs �#ipP opJ�ox|�ipLbLO¸aoxqhu j LOQ�N,PRj�LOQ�P grsOq��
¼(Â �*oxqhP � � T��7ox|�sE|MPRQ/{boxHKP���ox|�HKL°{OPRQ/}(|MPRQ/{boxHKPzN#nroxipJ�L$q
JMLOm LOj*k&ghLOQ �
�ïsOq��(opJ�sOixipL��*|�|MPdsUQ�H/g8��N�nrJ�opJ �rL'Pd|�qhLOJ�s����hQ�Pd|�|�ipL$s��(oxl�N#sOixsOqrHKP�o¶|�|�nhPd|R� �7gro¶H/g
sUQ�P�HKL$l�l�L$q oxq Q/PdsOixox|MJ�oxH�sUmrm#ixoxHRsUJ�opL$qr|d¼ � À º � � �$� �1ox|Ys��ro¶|MJMQ/opN�nrJMP�� ��sUJ�sUN�sO|MP N�n�oxipJIL$qEJMLOm LOj
k&ghLOQ �8�bsOq���grsOq��ripPd|1JMQ/s��ropJ�opL$q�sOi �rsUJ�sUN#sO|MPILOm	PRQ�sUJ�opL$qr|&|�nrH�g6sO| ���ro¶|MJMQ/opN�nrJMP�� �ML$oxq �a¼ �7L��1PR{OPRQ°��opJ
�hLbPd|�qhLOJ7|/nhmrm,LOQ�J�Q/oxH/g � nhPRQ�opPd|t|�nrH�g sO|�Q/sOqruOP�sOq��z|�oxl�oxixsUQ/opJã}O¼
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À£q�J�g�ox|ÃJ�grPd|�ox|R� �1�<�#�M�K�R�R���­���h�7� �K���p¡O���­� �*�#�x�K���K�#�¢�O�����O�z�O�#���#&¨�U�Ì�r�O�����U� �£�����U� �]���]�¢�K�h�~��� ���U���~�R���
¤��¶�R¥/� &O�K�]© ��©¨�K�~�K� ���a�O��� ���R�����/�O��� ���a���R�/�U�M¥K�b� �R� �Ì����©z�O�#���K¥��U�§�'�K��������©�¡'�d�U����¼

�*PRQ�P ��P3NrQ/oxP���}�gropu$g�ixopu$g'J&|�L$l�P3LOjïJ�ghP3¸OPR}²JMPdH/grq�o � nrPd| �1P�nr|MP��zoxqz|�nrmrm,LOQ�J�oxqhu�J�grox|&J�ghPd|/ox|R¼
� � ¯�®Rµ �¨¯ � �
µ°¬ � � � ª � � �r®°¬ � ��� � ®��
®Rµ°¬a´ � �*L �rPd|�oxq(L$nhQ�k 	3f LOQ/u$sOqro �RPzJ�ghPdl |�Pdip{OPd|
o¶q JML�s�|MJMQ/n�HKJ�nhQ�P�� � S � LÇ{OPRQ/ixs°}�qhPRJ���LOQ�¸ nr|/oxqhu 	 �*Â3¼'Â�ghP � S � oxqhj�Q/sO|MJMQ/nrHKJ�nrQ�PtmrQ�LÇ{bo �rPd|!s
�rPdHKPdq JMQ/sOi¶o �RP��EsOq�� Q�LON�n�|MJ+|�}b|MJMPdl �
sOq��Esd{OL$o ��|ImrQ�LON�ipPdl�|+|/nrH/g sO|3|�o¶qhu$ipP �¢m,L$oxq'J �¢LOj �¢j�sOoxixnhQ/P
sOq�� HKL$qrHKPdq JMQ�sUJ�opL$q LOj�ipL$s�� Pdq�HKL$nrq JMPRQ/P�� N'} J�ghPEHKPdq JMQ/sOi¶o �RP�� sOq�� JMQ�PRP �¢N�sO|MP�� |M}b|�JMPdl |R¼
Â7ghP�	 �+Â>ixsd}OPRQYPdqr|/nhQ�Pd|+s�|�HRsOi¶sUN�ipP�L°{OPRQ/ixs°}wqhPRJ%�1LOQ/¸wl sOqrsUuOPdl Pdq J3sOq��wQ�L$nhJ�o¶qhuh¼ �*L �hPd|
o¶qwJ�grP k 	Yf |/grsUQ�P�P � n�sOi­Q/Pd|Mm,L$qr|�opN�o¶ixopJ�opPd|#�&szqhL �hP�HRsOq m�nhN�ixo¶|�g HKL$q'JMPdq J�|d�­|MJMLOQ�P�HKL$q'JMPdq J�|
m#nhN�ixox|/ghP���Nb}6LOJ�ghPRQ*qhL �hPd|R�ro¶|�|�nhP � nhPRQ/opPd|R�hsOq�� Q�Pd|ML$ip{OP3LOJ�grPRQ/|". � nhPRQ/opPd|d¼

� �6¬ � �ï¬�� �#³	�­® � ³#¯ � µ°® � �r®d¬ � ® � � � � ��� ¬ ®d¬ ��� �¨« � � �#³��U¯ µÇ«­´ ®�� »EP²|�nhmrm,LOQ�J�|�PdsUQ/H/g(oxq
L$nrQ<|�}b|MJMPdl½Nb}3Q�PRmrQ/Pd|MPdq J�o¶qhu+HKL$q'JMPdq'J�|�sOq�� � nhPRQ�opPd| �*opJ�g �rPd|�HKQ/opmrJ�ox{OP1sUJMJMQ/opN#nhJMP �¢{¨sOi¶nhP1m#sOopQ/|R¼
» groxixP�PdqrsUN�i¶oxqhuw|�PdsUQ/H/g8� �1P²Pdqr|�nrQ�P�|�HRsOi¶sUN�oxixopJã}EJ�ghQ�L$nhu$g J�ghPznr|MP6LOj �7Pdq��hP��R{OL$nr| � L$oxq'J�|
� � � |!	tJML�s°{OL$o �w|�}b|MJMPdl � �7o �hP3l�Pd|/|�sUuOP��#L'L �roxqhu�sUJ*N	LOJ�gwHKL$q JMPdq'J+Q�PRu$ox|MJMQ/sUJ�oxL$q sOq�� � nhPRQ/}
J�o¶l�PO¼ º sOH�g6HKL$q'JMPdq'J�qrsOl�PIox|!Q/PRu$ox|MJMPRQ�P�� �7opJ�g6s�|/l sOixi�|�PRJ1LOjÃqrL �hPd|�oxq�J�ghPI|M}b|�JMPdlz�'¸aqhL��7q
sO|�J�grP6qrsOl P .Þ|�� � |MPRJR�!sOq�� � nhPRQ/opPd|�sUQ�P �ropQ/PdHKJMP�� JML mrQ�LOm,PRQ � � qhL �hPd|��hPRm,Pdq��roxqru J�ghP
� nhPRQ�} opJ�|MPdixjã¼ �InhPRQ/oxPd|�sUQ�PzQ�Pd|ML$ip{OP�� ipLbHRsOi¶ip} L$q � � qhL �hPd|�JML l�oxqroxl o �RP�J�ghP sOl�L$n�q J LOj
qrPRJ���LOQ�¸²JMQ/s ��HU¼

� � ¯�®Rµ �¨¯ � �
µ°¬ � � ³���� � � � � � � ¯ � �.µ°³.¬ � ® � �Ç¬>®��
®dµ°¬b´	�p® ® �*� � � � ¯ � ¯ µ � � � �ï¬ � ® �#¬���¬ �
� ³,��� � Â�grP�|M}a|MJMPdl'.Þ|*m,PRQ�j LOQ�l sOqrHKP �7o¶ixi��hPRuOQ/s��hP � n�oxH�¸aip}��7ghPdq � � |+sUQ�P�LÇ{OPRQ/ipL$s��hP��
¼�»EP
�rPd|�opu$q6s�qhLÇ{OPdi,l�PdH/grsOq�ox|�lCJ�grsUJ�n�|MPd| �
L$s�� ��sOi¶sOqrHRoxqhu�vwsUJMQ�oxHKPd| � � �&vw|�	�JML �h}aqrsOl oxHRsOi¶ip}
N#sOixsOqrHKP�N,LOJ�gzQ/PRu$ox|MJMQ/sUJ�opL$qwsOq�� � nhPRQ�}zipL$s��woxq s�JMQ�nrip} �rox|MJMQ/oxN�nhJMP��²j�sO|�gropL$qzJML�Pdqr|�nhQ/P3J�ghP
|�}b|MJMPdl/.Þ|IJ�ghQ�L$nhu$ghm#nhJR�#PR{OPdq nrq��hPRQ+P��bJMQ/Pdl�Pdip} |M¸OP"��P�� ipL$s��
�,|/nrH/g sO| �#sO|�g HKQ�L�� �r|R¼ � |Ys
Q/Pd|�nripJR�hJ�ghP3ixL$s��zN�sOixsOqrHRo¶qhu�l�PdH/grsOq�ox|�l sOixixL��7|tJ�grP3|M}b|�JMPdl JML�|�HRsOixP3j�nrQ�J�ghPRQd¼

� � � � ��³ �°µ¨¯ � � �$³	´�� � ¬ 
 
 �­¬ �U¯�¬'®�¬�
�� ¯�¬ � µ � � �­®°¯ � �
�ï¯�®Rµ �U¯ � �Ãµ°¬ �[µ �¨¬'¬ � � �r®d¬ � � �¨³rµÇ³ �
� ³ � ®�� Â�ghP�N�sO|�oxH3|�PdsUQ/H/gro¶qhu�l�PdH�grsOqrox|�l ox|�N#sO|MP�� L$qwP��asOHKJIl sUJ�H�groxqhu N,PRJ%�1PRPdq J�ghP � nhPRQ/}
sOq���s3|�nhN�|�PRJïLOj	J�ghP�HKL$q'JMPdq J �hPd|�HKQ/oxmrJ�opL$q8¼ïktixopPdq'J�|�nr|MPts�k 	3f�j�LOQ�P��bm#ipLOQ/sUJ�opL$q�LOj�JMPdq mrQ�PRj�PRQ
LOm,Pdq �¢Pdq��hP�� � nrPRQ/opPd|R� sO|�J�ghPR}��rL3qhLOJ�¸bqrL�� �7g�sUJ�HKL$q JMPdq'J�|1sUQ/P�sd{UsOoxixsUN�ipPO¼!fbJMQ�sOopu$g JMj�LOQ �&sUQ �
P��aJMPdqr|�oxL$q�LOj�J�ghPtN#sO|�oxH&|MPdsUQ/H�g�l�PdH�grsOqrox|�l�|<JML3grsOq��ripP&HKL$l�m�ixP�� � nhPRQ/opPd|<|�n�H/g sO|<Q/sOqruOP7sOq��
|/oxl oxixsUQ�opJ~} � nhPRQ/oxPd|tox|�oxqhP��6HRopPdq JR¼
»EP �hPR{OPdipLOm,P��zs�|MPRJtLOj �h}bq�sOl oxH+sOq��zs��rsUmrJ�op{OP ��ox|MJMQ/opN#nhJMP���JMQ/PRP �¢N�sO|MP��zmrQ/LOJMLbHKL$ix|&JML�|�nhm �
m,LOQ�J�HKL$l m�ipP�� � nrPRQ/opPd|R¼ïÀÁq m�sUQ�J�oxHRnri¶sUQd� �1P �hPd|�opu$q�s �rox|MJMQ/oxN�nhJMP���|MPdsUQ/H�g�JMQ�PRP*|MJMQ/nrHKJ�nhQ/PtJ�grsUJ
sOnrJML$l sUJ�oxHRsOixip} sUuOuOQ/PRu$sUJMPd|YQ�PRu$ox|MJMQ�sUJ�opL$qr|�JML²grsOq���ipPYQ/sOqhuOP � nrPRQ/opPd|tP���HRoxPdq J�ip}O�,sOq�� �1P �hP �
|/opu$q�s ��ox|MJMQ/opN#nhJMP��3¸ � �¢JMQ�PRP�|MJMQ�nrHKJ�nhQ�P�JML3HRnhJ �hL��*q�J�grP&|�PdsUQ/H/g�|Mm#sOHKPtj LOQ�|�oxl�oxixsUQ/opJã} � nrPRQ/opPd|R¼
» groxixP�|/nhmrm,LOQ�J�oxqhu6HKL$l�m�ipP�� � nrPRQ/opPd|IP���HRopPdq'J�ip}O�
J�grPd|MP�mrQ�LOJMLaHKL$ix|3sUQ�P�P��aPdHRnhJMP�� oxq s²j�nri¶ip}
��ox|MJMQ/opN#nhJMP��6j�sO|�g�opL$q8�hsOq����hL qrLOJ7HKQ�PdsUJMP�sOq'}6N	LOJMJ�ixPdqhPdH�¸a|7oxq²J�grP�|M}a|MJMPdlz¼

�
	�� ) %*�+�,�
�/��
��,�/%*���

Â�ghP �hPd|�opu$q8�'oxl�m�ipPdl Pdq J�sUJ�opL$q�sOq�� PR{UsOixnrsUJ�opL$q�LOj
s �rox|�JMQ/opN�nhJMP���k&L$q JMPdq'J 	Iox|�HKLÇ{OPRQ�}6fb}a|MJMPdl J�grsUJ
ox|t|�HRsOi¶sUN�ipP#�7groxixP*|�nhm�m	LOQ/J�oxqhu�HKL$l m�ipP��z|MPdsUQ/H/g�oxqhu�m�sUQ/s��roxu$l |tox|�J�ghP3|�nhN �£PdHKJtLOj­J�grox|&J�ghPd|�o¶|R¼�Â�ghP
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mrQ/o¶l sUQ�}�HKL$q'JMQ/opN�nrJ�opL$qr|&LOj<J�grox|&J�ghPd|/ox|�sUQ�P3sO|7j L$ixixL��7|#�

� � �
®Rµ°¬a´ �����U«­¯ µ°¬ �Oµ � � � � �$³ � µ �U¯ � �ÃµÇ¯�³ � �
»EP�HKL$q'JMQ/opN�nhJMPYJML�J�ghP�sUQ�H/gropJMPdHKJ�nrQ/sOi �hPd|/opu$qzLOj�ixsUQ�uOP�|/HRsOipPO�#|�HRsOi¶sUN�ipP �rox|�JMQ/opN�nhJMP��²À£q'JMPRQ/qhPRJ
sUm�m�ixoxHRsUJ�opL$q�|ÃNb}�o �rPdq J�opj�}aoxqhu�¥��U���~�R���­�U� �K¥�� &U�R��©tsO|�sIj�nrq��rsOl Pdq J�sOi'N�nroxi �roxqhutN�ixLbH/¸�j�LOQïJ�grPd|MP
sUm�m�ixoxHRsUJ�opL$q�|R¼
Â7ghP�k 	3f ixs°}OPRQ�ox|3HKL$l m�ipPRJMPdip} |MPRm�sUQ/sUJMP�� j Q/L$lÒsOqhLOJ�ghPRQ�N�nroxi ��oxqhu N�ixLbH/¸#�­J�ghP 	 �*Â3�ÃsOq��
Q�nrqr|<L$q�JMLOm�LOj,opJR¼<Â�ghP*k 	3f�ixs°}OPRQ�P��am	LOQ/J�|�sY|�oxl�m#ipP �+� À]�h���¢¡O� �]���M�O�����U��sOq�� �R���R��©&JML3sOixipL��
s �7o �hP7Q/sOqruOP+LOj­sUmrm�ixoxHRsUJ�oxL$qr|!|�n�H/g²sO|+�7o �hP+sUQ�Pds�|MPRQ�{aoxHKP �rox|�HKLÇ{OPRQ�}�sOq�� � S � oxqhj�LOQ/l sUJ�opL$q
Q/PRJMQ/opPR{UsOi
|M}a|MJMPdl |tJML N,PYN�n�oxipJ&nhm,L$q8¼

� � ¯�®Rµ �¨¯ � �
µ°¬ � � �¨³rµ°³0� ³ � �ï¬'®°¯�� � �$³ � µ �U¯ � �ÃµÇ¯�³ � �
»EP�l sU¸OP�HKL$q'JMQ/opN�nhJ�oxL$qr|7oxq s��h{UsOqrHRoxqhu��rox|MJMQ/oxN�nhJMP��zmrQ/LOJMLbHKL$ix| �hPd|�oxu$q8¼�»EP �hPdl�L$qr|�JMQ/sUJMP��
J�g�sUJ�|ML$l�PIJMQ/s��ropJ�oxL$qrsOixip} �ro��6HRnripJ�J�sO|M¸a|�oxq �rox|�JMQ/opN�nhJMP���|M}a|MJMPdl |�J�grsUJtsUQ�P �hL$qhPYoxq6HKPdq JMQ�sOi �
o �RP�� |M}a|MJMPdl |R��HRsOq oxq��hPRP��²N,P �hL$qhP3o¶qzs�j�n�ixip} �ro¶|MJMQ/opN�nrJMP���j�sO|�groxL$q8¼
À£q�m�sUQ�J�oxHRn�ixsUQd� �1P&HKL$q JMQ�opN�nhJMP&s �rox|MJMQ/oxN�nhJMP��3ipL$s���N�sOi¶sOqrHRoxqhu�m�Q�LOJMLbHKL$iaJ�g�sUJïnr|�Pd|ïs+|MJMQ/n�HKJ�nhQ�P
HRsOi¶ipP�� �ÃL$s�� �&sOixsOqrHRoxqru vwsUJMQ�o�� � � �&v 	YJML �h}aqrsOl o¶HRsOixip} N#sOixsOqrHKP N,LOJ�g Q/PRu$ox|MJMQ/sUJ�opL$q sOq��
� nhPRQ�}²ipL$s�� o¶qzs�j�n�ixip} �ro¶|MJMQ/opN�nrJMP���j�sO|�gropL$q
¼
»EP HKL$q'JMQ/opN#nhJMP J���L JMQ�PRP N�sO|MP��>mrQ�LOJMLaHKL$ix|R��qrsOl�Pdix} J�ghP � sUJ�g vwsOo¶q JMPdqrsOq�HKP � Q�LOJMLaHKL$i
� � v � 	tsOq�� J�ghP�Â­Q�PRP�v sOoxq'JMPdqrsOqrHKP � Q�LOJMLaHKL$i ��Â�v � 	��#J�grsUJ7HKL$q'{OPRQ�J*P��6HRopPdq J*HKPdq JMQ/sOi¶o �RP��
|�m�sUJ�oxsOi�oxq��hP��hoxqhu ��sUJ�s |�JMQ/nrHKJ�nhQ�Pd|d�ïJ�grP �*sOqhuOP²|MPdsUQ/H/g[Â­Q�PRP � �+fhÂ�	YsOq��(J�ghP �rox|�JMQ/opN�nhJMP��
¸ � �¢JMQ�PRP � 	#� 	IÂ�	��&oxq JML s �ro¶|MJMQ/opN�nrJMP��[|M}b|�JMPdl J�grsUJ6ox| P��6HRopPdq J�JML(|/nhmrm,LOQ�J��rox|�JMQ/opN�nhJMP��
Q�sOqhuOP � nhPRQ/opPd|tsOq�� |�oxl oxi¶sUQ/opJ~} � nhPRQ�opPd|R¼

� �8³��~µ �-���¨¬w®��
®Rµ°¬a´ �$³ � µ �¨¯ � �
µ¨¯ ³ � �
»EP�HKL$q'JMQ/opN#nhJMP���s+HKL$l�mrQ/PdghPdqr|�op{OP&|�oxl�nrixsUJ�oxL$q�oxl�m#ipPdl�Pdq'J�sUJ�opL$q�LOj�J�ghP �rPd|�opu$qhP���k 	3f	¼$GInhQ
PR{UsOixnrsUJ�oxL$qzQ�Pd|�nrixJ�|&{¨sOixo �rsUJMP��zJ�ghPYP��,PdHKJ�op{OPdqhPd|�|*LOjïJ�ghP�|M}a|MJMPdlz¼
»EP�HKL$q JMQ/oxN�nhJMP��zs�mrQ/LOJMLOJ~}bm	P3o¶l�m�ipPdl�Pdq'J�sUJ�opL$q6LOjïJ�ghP�k 	3f6J�grsUJ�ox|&N#nroxipJ1L$qzJMLOm LOj<s�Q�PdsOi
	 �+ÂY��sOq�� Q/nrqr|&L$qzJ�grPYÀÁq'JMPRQ/qhPRJR¼!Â7ghPYmrQ�LOJMLOJã}'m,P�oxl m�ipPdl�Pdq'J�|&J�ghP�HKLOQ�P�Q�PRu$ox|MJMQ/sUJ�oxL$q sOq��
� nhPRQ�} mrQ�LOJMLaHKL$ix|IsOq�� J�grP ��ox|MJMQ/opN#nhJMP�� ipL$s�� N�sOixsOq�HRoxqhu�l PdH/grsOqro¶|�l |R¼IÂ�ghP�mrQ�LOJMLOJã}'m,P�sOq��
oxJ�| �hPRm�ipLÇ}bl Pdq J �hPdl L$qr|MJMQ/sUJMP3J�grP3j PdsO|/opN�oxixoxJ~} LOj<J�ghPYmrQ/LOm	L$|�P�� k 	3f²|M}a|MJMPdlz¼
»EP�HKL$q'JMQ/opN�nhJMP��ws mrQ/L'LOj �¢LOj �~HKL$q�HKPRmrJ+o¶l�m�ipPdl�Pdq'J�sUJ�opL$qzLOj�s � S � HKL$q'JMPdq J �¢N�sO|�P�� l�nr|�o¶H3oxq �
j�LOQ/l sUJ�oxL$qzQ�PRJMQ/opPR{UsOi
sUmrm#ixoxHRsUJ�opL$q6J�grsUJ7nrJ�oxixo �RPd|&J�ghP�k 	3f	¼

�
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Â�ghPYQ/Pdl sOoxq��hPRQtLOjïJ�grox|&J�grPd|�ox|�ox|&LOQ/u$sOqro �RP�� sO|�j L$ixixL��7|R¼
À£q k&grsUmrJMPRQ Sb� �1PzmrQ/Pd|MPdq J�J�ghPwk 	Yf |M}a|MJMPdl sUQ�H/gropJMPdHKJ�nrQ�PO¼ »EP���ox|�HRnr|�|�ghL�� J�ghP k 	3f(ox|

ixs°}OPRQ�P��²L$q²JMLOmzLOj­s 	 �+ÂY¼a»EP �hPRJ�sOoxi	J�ghPIN�sO|�oxH � � �¢N�sO|MP��6Q�PRu$o¶|MJMQ/sUJ�opL$qzsOq�� � nhPRQ�}�l PdH/grsOqro¶|�lz�
sOq�� |/ghL�� J�g�sUJ�J�ghPd|MP3LOm,PRQ/sUJ�oxL$qr|tsUQ�P�|�nrmrm,LOQ�JMP��zoxqzsOqzP���HRoxPdq J7sOq�� |�HRsOixsUN�ixP ��s°}O¼
À£q k&grsUm�JMPRQ � � �1P m�Q�Pd|MPdq'J3L$nhQ �ro¶|MJMQ/opN�nrJMP�� ixL$s�� N�sOixsOq�HRoxqhuzl�PdH/g�sOqrox|�l:J�grsUJ �h}aqrsOl oxHRsOi¶ip}

N�sOixsOq�HKPd|7Q�PRu$o¶|MJMQ/sUJ�opL$q sOq�� � nhPRQ/} ipL$s�� �*ghPdq � � qhL �rPd|7sUQ�P�L°{OPRQ/ixL$s��hP��8¼+»EP�sOq�sOip} �RP�J�ghP�mrQ�L
�
JMLaHKL$i .Þ|zm,PRQ�j�LOQ/l sOqrHKP sOq�� mrQ�Pd|MPdq'J HKL$l�mrQ/PdghPdqr|�op{OP PR{UsOixnrsUJ�opL$q Q�Pd|/nripJ�|�J�grsUJ��hPdl�L$qr|�JMQ/sUJMPEJ�ghP
P��,PdHKJ�op{OPdqhPd|�|*LOj­J�grP�l�PdH/g�sOqrox|�lz¼
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À£q k&grsUmrJMPRQ<Vh� ��P&|/ghL��[ghL��&��P&mrQ�LÇ{bo �rP1P���HRoxPdq J<|�nhmrm,LOQ�J­j LOQ<Q/sOqruOP � nhPRQ/oxPd|­oxq�J�ghP7k 	3f	¼¨»EP
|MJ�sUQ�J1N'} o¶q JMQ�L �rnrHRo¶qhuYs�|MPdsUQ/H�g²|MJMQ/nrHKJ�nhQ/PO� J�ghP �7sOqhuOPYfbPdsUQ/H/g6Â­Q�PRPO�hsOq�� J�ghPdq�uOL�L$q�JML�m�Q�Pd|MPdq'J1s
|MPRJ�LOj,mrQ/LOJMLbHKL$ix|!sOq�� s��rsUmrJ�ox{OP7l�PdH/g�sOqrox|�l |�J�grsUJ!|�nhm�m	LOQ/JïQ�sOqhuOP � nhPRQ/opPd|�P��6HRopPdq J�ix}O¼ï»EP*mrQ�Pd|MPdq'J
N,LOJ�g � nrsOq J�oxJ�sUJ�op{OP�sOqrsOip}a|�ox|tsOq��²P��bJMPdqr|/op{OP�|�oxl�nrixsUJ�oxL$q²Q�Pd|�nripJ�|&JML�{OPRQ/opj�}�L$nhQ �hPd|�opu$q8¼
À£q k&grsUmrJMPRQ � ����P �hPd|�HKQ/opN,P ghL�� J�ghP k 	3f |�nhmrm,LOQ�J�|�|�oxl o¶ixsUQ/opJã} � nhPRQ/oxPd|R¼ GInhQ �hPd|�opu$q ox|

N�sO|MP�� L$q 	Iox|MJMQ/oxN�nhJMP��'� 	 �~Â­Q�PRP � 	#� 	IÂ�	��#s �rox|MJMQ/oxN�nhJMP��6{OPRQ/|�opL$q LOjïs�¸ � �¢JMQ�PRPO¼!»EP�P��bJMPdq�� J�ghP
mrQ�LOJMLaHKL$ix|Yj�LOQ3Q/sOqruOP � nrPRQ/opPd|IJML/��LOQ�¸ j LOQ�J�ghP�	#� 	IÂY¼
»EP�sOi¶|MLzmrQ�Pd|MPdq'J3|MPR{OPRQ/sOi!LOmrJ�oxl o �dsUJ�opL$qr|
J�grsUJ�JMQ�} JMLwLÇ{OPRQ/HKL$l�PzJ�ghP �roxl�Pdq�|�opL$qEHRnhQ/|�P�mrQ�LON#ipPdlz¼ GInhQ�|�oxl�nrixsUJ�opL$qEQ/Pd|�nripJ�|�sUu$sOoxq |/ghL���P��
J�ghP3P��,PdHKJ�op{OPdqhPd|/|�LOj<J�ghP3|M}a|MJMPdlz¼
À£q k&g�sUmrJMPRQ �b� ��P �hPd|/HKQ/opN,P s mrQ/LOJMLOJ~}bm	P oxl�m#ipPdl�Pdq'J�sUJ�opL$q[LOjYJ�ghP |M}b|�JMPdlz�tHRsOixipP�� ktsOl�Pdi�¼

k&sOl�Pdi�ox|²N�nroxixJ6L$q JMLOm LOj k&ghLOQ �8�IsOq�� sO|ws |MPRm�sUQ�sUJMP ixopNrQ�sUQ�} j�LOQ �rox|MJMQ�opN�nhJMP�� sUmrm�i¶oxHRsUJ�opL$qr|
JML ixoxqr¸zJMLh¼�k&sOl Pdi�oxl�m�ipPdl Pdq J�|+J�ghP�N�sO|�o¶H�|�}b|MJMPdl �hPd|�opu$q sOq�� J�ghP �ro¶|MJMQ/opN�nrJMP�� ipL$s�� N�sOi¶sOqrHRoxqhu
l�PdH�grsOqrox|�l�|R¼­»EP�sOi¶|MLY|�ghL�� |�L$l�PtP��bm,PRQ/o¶l�Pdq J�sOibQ�Pd|/nripJ�|­LONrJ�sOoxqhP���j�Q�L$l-s �hPRm�ipLÇ}bl Pdq J<LOj,ktsOl�Pdi
L$q � ixsOqhPRJ �ÃsUN � �a� �¢�rs�m�i¶sOqhPRJ�sUQ�}²|�HRsOipP3LÇ{OPRQ/ixsd} qrPRJ���LOQ�¸²JMPd|MJMN,P��zL$qzJ�ghP3À£q'JMPRQ/qhPRJR¼
»EP�HKL$qrHRixn��hPIJ�ghP�J�ghPd|�ox|�sOq��²mrQ�Pd|MPdq'J7|ML$l�P�j�nhJ�nrQ�PIQ�Pd|MPdsUQ/H�g �ropQ/PdHKJ�opL$qr|toxq k&g�sUmrJMPRQ *'¼
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À£q�J�g�ox|1H�grsUmrJMPRQd� ��PImrQ�Pd|MPdq'J�J�ghP�k 	3f�|�}b|MJMPdl sUQ�H/gropJMPdHKJ�nrQ�PO¼�ÀÁq fbPdHKJ�oxL$q Sb¼ � � �1PY|MJ�sUQ�J&Nb} u$op{aoxqhu
s j�LOQ/l sOi �hPd|�HKQ/opm�J�opL$qzLOj�ghL��>HKL$q'JMPdq J�|IsUQ�P�Q�PRmrQ�Pd|MPdq'JMP�� o¶qzL$nhQ*|�}b|MJMPdl �#sOq�� �7grsUJ ��P�l�PdsOq N'}
|MPdsUQ/H�g8¼ ÀÁq fbPdHKJ�opL$q[Sb¼ Sb� �1P �rox|/HRnr|�|�o¶q �hPRJ�sOoxi�swJ�ghQ�PRP �~ixs°}OPRQ�P�� |MLOj J%��sUQ/P²sUQ�H/gropJMPdHKJ�nrQ�P�L$q(PdsOH�g
k 	3fEqrL �hPO¼�ÀÁq m�sUQ�J�oxHRn�ixsUQd�$��P�P��am�ixsOoxqEgrL���k 	Yf nhJ�oxixo �RPd|IJ�ghP�nrq��hPRQ/ip}aoxqhu 	 �*ÂC|�nhN�|MJMQ�sUJMP JML
j�LOQ/l s m	PRPRQ �¢JML
�¢m	PRPRQ�LÇ{OPRQ/ixs°} qrPRJ���LOQ�¸#��sOq��[ghL�� opJ�PdqrsUN�ipPd|�sUmrm�i¶oxHRsUJ�opL$qr|�JMLEQ�PRu$ox|MJMPRQ HKL$q'JMPdq'J
qrsOl�Pd|�sOq�� JMLwHKL$q��rn�HKJ�|MPdsUQ/H�ghPd|R¼zÀ£q(fbPdHKJ�oxL$q Sb¼ � � ��P��hPd|�HKQ�opN,P sOq P��hsOl�m�ipP�sUm�m�ixoxHRsUJ�opL$q J�grsUJ
nr|MPd|�J�ghP�k 	3f6JML�HKL$q��rnrHKJ�HKL$q'JMPdq J �¢N�sO|�P��wl�nr|�oxHYo¶qhj LOQ�l sUJ�opL$q6Q�PRJMQ/opPR{UsOi�¼
fbPdHKJ�oxL$q�Sb¼öV+mrQ�Pd|MPdq'J�|­J�ghP �7Pdq��hP��R{OL$nr| � L$oxq'J+� � � 	,N#sO|MP���Q/PRu$ox|MJMQ/sUJ�opL$q�sOq�� � nhPRQ/}3l�PdH/grsOq�ox|�l

oxq J�ghP�k 	3f	¼8Â�g�ox|7N#sO|�oxH � � N#sO|MP��El�PdH/g�sOqrox|�l |YsOi¶ipL��-J�ghP�k 	3fwJML sOH�gropPR{OP J�ghP |�PdsUQ/H/grsUN#oxixopJã}
sOq�� |/HRsOixsUN�oxixoxJ~} �hPd|�opu$qzuOL$sOi¶|R¼1»EP �rox|/HRnr|�|&J���L�i¶oxl opJ�sUJ�opL$q�|&LOjïJ�g�ox|tN�sO|�o¶H �hPd|�opu$q oxqwfbPdHKJ�opL$q Sb¼ � �
qrsOl�Pdix}O�aoxJ �rL'Pd|tqhLOJtgrsOq��ripPI|M¸OP"�1P�� ipL$s��zsOq��²opJ �hLbPd|tqhLOJt|�nhmrm,LOQ�J&HKL$l�m�ipP�� � nhPRQ�opPd|&P���HRopPdq'J�ip}O¼
»EP �*oxixi­mrQ�Pd|MPdq'J�|ML$ixnrJ�opL$qr|+JML J�ghPd|�P�mrQ�LON�ipPdl�|Yoxq J�ghP�qhP��aJYJ�ghQ�PRP�H/grsUmrJMPRQ�|R¼ »EP mrQ/Pd|MPdq J��1LOQ�¸
Q�PdixsUJMP�� JML J�ghP3N�sO|/oxHY|M}a|MJMPdl oxq fbPdHKJ�oxL$q Sb¼�� sOq�� |�nrl l sUQ�o �RPIJ�ghP�H/g�sUmrJMPRQ*oxq faPdHKJ�opL$q Sb¼ *'¼
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Â­LzmrQ�L°{ao �hP�HKL$q'JMPdq J�|�PdsUQ/H/grsUN#oxixopJã}O�
sUmrm�ixoxHRsUJ�oxL$qr|7N#nroxipJ*L$q JMLOmELOj1J�ghP�k 	3f ixs°}OPRQ3nr|MP�s���P��hopN�ipP
sUJMJMQ/opN#nhJMP �¢{¨sOi¶nhP N�sO|MP�� qrsOl oxqhu |/H/ghPdl�PO��|/oxl oxixsUQ�JML��7grsUJ�ox|�nr|MP�� oxq � � �¢�!� � V �¢¼ k�L$q'JMPdq J�|6sUQ�P
Q�PRmrQ/Pd|MPdq JMP�� n�|�oxqhu(sUJMJMQ/opN�nhJMP �¢{UsOixnhP m�sOopQ�| � �  �¢m�sOopQ/|!	�¼C¹hLOQzP��asOl m�ipPO�*o¶q s |MPRQ/{boxHKP
�ro¶|�HKL°{OPRQ�}
|M}a|MJMPdlz�&s
�hPR{aoxHKP l sd} N,P��hPd|�HKQ�opN,P����*opJ�g sUJMJMQ/opN�nhJMPd|�|�nrH/g sO|
	,.��& r��� �������������,��
��,"! �h�1PRJ�HU¼
À£qwl�nripJ�oxl P��roxs sUmrm#ixoxHRsUJ�opL$qr|d�#|�nrH�gwsO|+J�ghP � S � l�nr|�o¶H�oxqhj�LOQ/l sUJ�oxL$q Q�PRJMQ/oxPR{¨sOiï|M}a|MJMPdl �hPd|�HKQ/opN,P��
oxq �öS � �¢� sUJMJMQ�opN�nhJMPd|ïJ�grsUJ�sUQ�Ptnr|�P���JML �rPd|�HKQ/opN,P1sOq�l m � �#ipP&oxqrHRixn��rP1qhLOJ<L$qrip}�l sOq'n�sOixip}�HKL$q)�#u$nhQ�P��
L$qhPd|<|�nrH�g�sO|��,+,��� � �3sOq��
�,�3����� �-5� ��UN�nhJïsOix|ML+j PdsUJ�nhQ/Pd|­P��aJMQ/sOHKJMP���j�Q�L$l J�ghP�sOn��ropL*|/opu$qrsOix|R�U|�nrH�g
sO|�	0 50���IsOq��
�'�!+  ����,���,¼ � JMJMQ�opN�nhJMPd|<l s°}�sOix|�L+oxq�HRixn��hP!o¶qhj LOQ�l sUJ�opL$q�|�nrH/g�sO|<J�ghP���� ��"!",+  &�,�tLOj
J�ghPIqhL �hP�J�grsUJ�L��7q�|!J�ghPIHKL$q'JMPdq J&j�LOQ�HKL$q'JMPdq J �rPdixop{OPRQ�}�m�nhQ/m	L$|�P�sUj JMPRQ&J�ghPIHKL$q JMPdq'Jtox| ��ox|�HKL°{OPRQ/P��8¼
»EPwQ�PRj PRQ�JML J�ghP HKL$i¶ipPdHKJ�opL$q LOjIJ�ghP �  �¢m�sOopQ/|�sO| J�ghP �MHKL$q'JMPdq'J6qrsOl P��¢k+� 	 �a�!LOQ �MHKL$q'JMPdq'J

�hPd|�HKQ�opmrJ�opL$q �a¼&À£q L$nhQ+JMPRQ/l o¶qhL$ipLOuO}O���MHKL$q'JMPdq'J ��ox|�HKL°{OPRQ/} �6l�PdsOqr|*J�ghP ��ox|�HKL°{OPRQ/}zLOj�J�ghP �MHKL$q'JMPdq'J
qrsOl�P �a�
qrLOJ+J�grP�sOHKJ�n�sOi�HKL$q JMPdq'JR¼�»EP HKL$q�|�o �hPRQYl�PdH�grsOqrox|�l�|+|/nrH/g sO|YHKL$q'J�sOHKJ�oxqhuzJ�ghP �hPR{aoxHKP�LOQ
Q�PRJMQ/oxPR{boxqru�J�ghP sOHKJ�n�sOi(�#ipP�sUj JMPRQ�J�ghP �MHKL$q JMPdq'J �ro¶|�HKL°{OPRQ�}�� |MJMPRm sO|�sz|MPRm�sUQ/sUJMP�j�nrqrHKJ�opL$q
�	¸aqhL��7q
sO|�J�grP �MHKL$q JMPdq'J �rPdixop{OPRQ�}��a¼
À£q swHKL$q JMPdq'J�qrsOl�PO�<sOq �  �¢m#sOopQ�ox|�|Mm,PdHRo���P�� nr|/oxqhu sOq P � nrsOi¶opJ~} mrQ�P���oxHRsUJMP�oxq J�ghP�j�LOQ/lÒLOj
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¹ïoxu$nhQ�P�Sb¼ � � � qzP��hsOl�m�ipP3HKL$q'JMPdq'J*qrsOl�PO¼

��
 � � � � �$� �7grPRQ�P 
 � o¶|�sOq[sUJMJMQ�opN�nhJMPO�!sOq�� � � ox|�opJ�|�{¨sOi¶nhPO¼ À£q[HKL$q JMQ/sO|�JR�1sO|���P �7oxixi �hPd|�HKQ/oxN	P
|�ghLOQ/J�ip}O� �  �¢m#sOopQ/|Yoxq s � nhPRQ/} l s°}EHKL$q J�sOoxq oxqhP � nrsOixopJã} mrQ/P��roxHRsUJMPd|R¼�¹<opu$nrQ�P�Sb¼ � ox|�sOqEP��asOl m�ipP
k+��¼hÀãJ*ox|&Q�PRmrQ�Pd|�Pdq JMP��wnr|�oxqhu�J�ghPYj�L$ixipL��7oxqhu�j�LOQ/l sUJ#�
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� ����ox|�J�grP�|�ghLOQ�J*j LOQ�l j�LOQ 
 � �*���Á¼ �ÃsOqhu$nrsUuOPd|+|�nrH�gwsO| � v �(l sd} N	P3n�|MP�� JML �hPd|�HKQ/oxN	P
HKL$q'JMPdq J+qrsOl�Pd|R¼!¹<opu$nrQ�P�Sb¼ S�ox|�sOq P��asOl�m#ipP3qrsOl�PYj�LOQ*s�groxu$g*�&sd}zl�L$qroxJMLOQ/oxqhu�HRsOl�PRQ/sa¼
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¹<opu$nhQ/P�Sb¼ S �1Â�ghP3HKL$q'JMPdq'J*qrsOl�PYj�LOQ7s g�opu$g*�&sd}zHRsOl�PRQ�sa¼

Â�grPRQ�PzsUQ�P²J���LEJ~}bm	Pd|�LOjIsUJMJMQ/opN#nhJMPd|#� ���#� �Á�h�K�	� �K���7sOq�� � �ã�h�R�#� �R����¼ � |�opJ�|�qrsOl�Pzoxl m�ixopPd|R�
sOq oxq��hPRm,Pdq��rPdq J3sUJMJMQ/oxN�nhJMP��rL'Pd|�qhLOJ �hPRm,Pdq�� L$q LOJ�ghPRQ�sUJMJMQ/opN#nhJMPd|R¼ À£q(¹ïoxu$nhQ�P6Sb¼ � � 
 ��sOq�� 
 �
sUQ�P�oxq��rPRm	Pdq��hPdq J*sUJMJMQ/opN�nhJMPd|d¼YÀÁq HKL$l�m�sUQ/o¶|ML$q8���hPRm,Pdq��hPdq'J+sUJMJMQ�opN�nhJMPd|Il�nr|MJIHKL
�¢P��aox|�J �*opJ�g |ML$l�P
LOJ�ghPRQ6sUJMJMQ/opN�nhJMPd|d¼ ¹hLOQ²oxqr|�J�sOqrHKPO�1J�grP ��� �3� �'4�5 2& �+(sUJMJMQ/oxN�nhJMP oxq[¹<opu$nrQ�PwSb¼ S o¶| s �hPRm,Pdq��rPdq J
sUJMJMQ/opN#nhJMPzLOj � � � � (0��. �'4�502� �+#�1|�oxqrHKP opJ o¶|�qhLOJ l�PdsOqroxqruOj�nri�JML |�PdsUQ/H/g j LOQ�HRsOl PRQ/sO| N�sO|�P��[L$q
J�ghP�P��aoxJ+qbnrl�N	PRQ+L$qrip}O¼3GIq J�ghP�LOJ�ghPRQYgrsOq��8�,opj�J�ghP�sUmrm�i¶oxHRsUJ�opL$q sOixipL��*|*|MPdsUQ�H/ghPd|IN�sO|�P��wL$q P��hopJ
qbnrl�N,PRQ�sOipL$qrPO�rJ�ghPdq ��� �3� �'4�502� �+�HRsOq N	PImrQ/L$l�LOJMP�� JML�sOq oxq��hPRm,Pdq��hPdq'J&sUJMJMQ/opN�nhJMPO¼
� q sUJMJMQ/oxN�nhJMP�HRsOq N	P��K�¢�O����¥7LOQ��U©U�#�U����¥R¼tÂ�ghP3{UsOixnhPYLOj�s�|MJ�sUJ�oxH�sUJMJMQ�opN�nhJMP �rL'Pd|�qrLOJ*H/g�sOqhuOP

L°{OPRQ�J�ghP�ixopj�PRJ�oxl�P�LOj�s²HKL$q'JMPdq J�q�sOl�PO�$�7ghPRQ/PdsO|Ys �r}bqrsOl�oxH�sUJMJMQ�opN�nhJMP�l s°}wJ�sU¸OP L$qEs �ro �	PRQ�Pdq'J
{UsOixnhP�sUJ �ro��,PRQ�Pdq'JIJ�oxl�Pd|Ij�LOQ3J�ghP |�sOl�P HKL$q'JMPdq'JR¼ ÀÁqE¹<opu$nrQ�P�Sb¼ Sb�Ãj�LOQ3oxqr|MJ�sOq�HKPO� � �-57 '+0�����EsOq��
� � 57 '+0� 	,.��& �sUQ�P*|MJ�sUJ�oxH7sUJMJMQ�opN�nhJMPd|R�bsOq�� �3�� ! ," 
� !����4 +0 ,"�sOq�� � �!��" � �3��"&�-��������sUQ/P �h}aqrsOl oxH
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sUJMJMQ/opN#nhJMPd|R�a|�oxqrHKP�J�grP*|Mm,PRP�� LON#|MPRQ�{OP��²sUJ1s�|MPdHKJ�opL$q�LOj8J�ghP+Q�L$s���o¶|!HKL$qr|MJ�sOq'J�ip} H�grsOqhu$oxqhuh�asOq���J�ghP
Q�L$s�� HKL$q��roxJ�opL$qwl�sd} N,P �hQ�}zLOQ#��PRJR¼3Â�ghP�sUJMJMQ/opN�nhJMPd|+Q�Pdi¶sUJMP��wJMLzipLaHRsUJ�opL$q oxqhj�LOQ/l sUJ�oxL$qw|�n�H/g sO|
� � � �!(���.���4�5 2& '+�l sd}�sOix|MLYN,P �h}aqrsOl oxH&opj,�1P*HKL$qr|�o �hPRQ�HRsOl PRQ/sO|�J�grsUJ1sUQ�P�l�L$nrq'JMP���L$q�{OPdgro¶HRipPd|R¼
» ghPdq J�ghP�{¨sOixnrP�LOj�s �r}bqrsOl�oxH�sUJMJMQ�opN�nhJMP�H/grsOqruOPd|R�
J�ghP�HKL$q'JMPdq J3qrsOl P�H�grsOqhuOPd|R�­sOq�� J�grox|+l sd}
Q�P � nropQ�PYHKL$q'JMPdq J+qrsOl�Pd|7JML N,P+j�Q�P � nhPdq'J�ip}6nrm ��sUJMP��8¼

�8¬ ��� �U«­¯ � � � �r®d¬ � ³ � � � � ®d¬'µ�� �hµ��U«ï¯ � �
Â­L�|MPdsUQ/H�g�j�LOQ&HKL$q JMPdq'J�|R�hs�nr|�PRQ1l s°} |�nhN�l oxJ�s � nhPRQ�}�JML�J�grP*|M}a|MJMPdlz¼ � � nhPRQ�}�ox|!sOi¶|ML�HKL$l�mrQ�ox|MP��
LOj*s |MPRJ�LOj �  �¢m�sOopQ/|R��PO¼öuh¼p� � � ��
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 � ��� �zHKL$q'J�sOoxqr|�� �  �¢m�sOoxQ/|R¼ �7LOJMP²J�grsUJ-��P

sOixipL�� oxqrP � nrsOi¶opJ~}²|�opu$qr|*|�nrH�g sO| ��� ���
��� �6sOq�� ��	 ��oxq � nhPRQ�opPd|R¼�ÀÁq J�grox|7sOq�� J�ghP�qhP��bJ+H/grsUm�JMPRQd�
��P3HKL$qr|�o �hPRQ � nhPRQ/oxPd|&J�grsUJ�L$qrip}6HKL$q J�sOo¶qzP � n�sOixopJ~}�mrQ�P��ro¶HRsUJMPd|R�rsOq�� oxq k&g�sUmrJMPRQ�Vh� ��P3P��bJMPdq��zJ�ghP
|M}a|MJMPdl'.Þ|<j�nrqrHKJ�opL$q�sOixopJ~}3sOq���sOi¶ipL�� � nhPRQ/opPd|­JMLYHKL$q J�sOoxq�o¶qhP � n�sOixopJ~}Ym�Q�P��roxHRsUJMPd|R¼ïÀÁj�s � nhPRQ/}�HKL$q J�sOo¶qr|
�hPRm,Pdq��hPdq'J*sUJMJMQ�opN�nhJMPd|R�	opJ*l�nr|MJIsOix|ML6HKL$q J�sOo¶qwJ�grP�sUJMJMQ/oxN�nhJMPd|*J�grsUJ*J�grPR} sUQ�P �hPRm,Pdq��hPdq'J�L$q8¼*¹rLOQ
P��hsOl�m�ipPO��� � � ��
 � � � � 
 ��� � ��� � � 
 � � � �²ox|�s {UsOixo � � nrPRQ�}O�<N�nhJ � � ��
 ��� � ��� � 
 � � � �zox|�qhLOJ�s {UsOixo �
� nhPRQ�}O¼
k�L$q'JMPdq'J­qrsOl�Pd|ÃQ�PRu$ox|MJMPRQ/P���oxqIJ�ghP&k 	3fIsUQ�P1|�PdsUQ/H/ghP���{bo¶sI�����]�d�R�#� �O�¢¥K� ���'¡$¼<vwLOQ�P�|Mm,PdHRo��#HRsOixip}O�

s6HKL$q JMPdq'JYqrsOl�P�l sUJ�H/ghPd|Ys � nhPRQ�} sO|IipL$qhu6sO|*J�grP�|MPRJILOj �  �¢m�sOoxQ/|*o¶q J�ghP � nrPRQ�} ox|+s�|�nrN�|MPRJ7LOj
J�ghP6|MPRJ�LOj �  �¢m#sOopQ/|�o¶qEJ�ghP�HKL$q'JMPdq'J�qrsOl PO¼ Â�ghP�HKL$q'JMPdq J�qrsOl�P6l sd} HKL$q'J�sOoxq P��bJMQ�s �  �¢m#sOopQ/|
J�grsUJ�sUQ�P�qhLOJ�oxqEJ�ghP � nrPRQ�}O¼ ¹hLOQ�P��asOl�m#ipPO�­j�LOQ � nhPRQ/} � � ��
 � � � � 
 � � � �$�ïJ�grP�l sUJ�H�ghP�� HKL$q'JMPdq'J
qrsOl�Pd|7l�nr|�J7HKL$q J�sOo¶qzN,LOJ�g 
 � � � ��sOq�� 
 � � � �¨¼
v sOq } � nhPRQ�opPd|*HRsOq l sUJ�H�g s�u$op{OPdq HKL$q'JMPdq JYqrsOl PO¼7À£q m�sUQ/J�oxHRnrixsUQd�#j LOQIs6HKL$q JMPdq'J3qrsOl�P�HKL$q �

|�ox|�J�oxqhu6LOj�
 oxq��hPRm,Pdq��hPdq'J �  �¢m�sOoxQ/|R�8J�ghP qbnrl�N	PRQYLOj&l sUJ�H�ghP�� � nhPRQ/opPd|d�
���1�­o¶|*P��am,L$qhPdq'J�oxsOi�oxq
�¼Iv LOQ�P�|Mm,PdHRo��#HRsOi¶ip}O�#opJ+ox|*P � nrsOi­JML²J�ghP�q'nrl�N,PRQ7LOj!|/nhN�|MPRJ�|-��P��aHRi¶n��roxqhu�J�ghP�Pdl�mrJ~}w|MPRJ!	7LOj�J�ghP
HKL$q'JMPdq J+qrsOl�P �
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¹hLOQ7q�sOl�Pd|&J�grsUJ�HKL$q'J�sOoxq��hPRm,Pdq��hPdq'J �  �¢m�sOopQ/|d�bJ�grP3sOHKJ�nrsOi
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 ��� � ��� �$¼zÂ�grP P��bm,L$qhPdq'J�oxsOi!Q�PdixsUJ�opL$qr|/gropm N,PRJ���PRPdq��� sOq���
 �rPdl sOq��r|YszHRsUQ�PRj�nri �hPd|/opu$q LOj1J�ghP HKL$q'JMPdq'J3Q�PRu$ox|MJMQ�sUJ�opL$qEsOq�� � nhPRQ�}w|/H/ghPdl�P�J�grsUJ3ox|
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�*L �hPd|+m�sUQ/J�oxHRopm�sUJ�oxqru�oxqwJ�ghP�k 	3fwHKL$qrqhPdHKJIJML²PdsOH/gELOJ�ghPRQ3o¶qws6m,PRPRQ��¢JML
�¢m,PRPRQIj�sO|�g�opL$q JMLzj�LOQ/l s
k 	3f²LÇ{OPRQ/ixs°} qhPRJ���LOQ�¸	¼t¹ïoxu$nhQ�P�Sb¼ � |�ghL��*|�J�ghP�|MLOj J%��sUQ/P�sUQ/H�gropJMPdHKJ�nhQ/P�L$q s�qhL �hPO¼1ÀÁJ7HKL$qr|/ox|MJ�|�LOj
J�ghQ�PRP�ixs°}OPRQ/|3sUN,L°{OP�J�grP�qrPRJ���LOQ�¸ ��Â+k � �ÇÀ � 	*ixs°}OPRQd¼�Â�grP�k 	3f ixs°}OPRQ3ox| �hPd|�opu$qrP�� sO|YszHKL$l�l�L$q
HKL$l l�nrqroxHRsUJ�oxL$q i¶sd}OPRQ3L$q �7g�oxH/g gropu$ghPRQYipPR{OPdi�sUm�m�ixoxHRsUJ�opL$q�|R�	|/nrH/g sO|3|MPRQ/{boxHKP �rox|/HKL°{OPRQ�} sOq�� �#ipP
|�grsUQ�oxqhuh�rHRsOqwN	P�N�nroxipJR¼1Â�ghP�k 	3f ixsd}OPRQIox|7o¶qzJ�nhQ/qzN#nroxipJ&L$q JMLOm LOj�s |�HRsOi¶sUN�ipP �ro¶|MJMQ/opN�nrJMP��zgrsO|�g
J�sUN�ipP � 	 �+Â�	���|�n�H/g sO|Ik&ghLOQ � � �¨V��¢�#k � � � �O� �¢� � sO|MJMQ�} � �$� �¢��LOQ7Â­sUm,Pd|MJMQ/} � * � �¢¼!»EP�qhL�� �hPd|�HKQ/oxN	P
J�ghP3j�nrqrHKJ�oxL$qrsOixopJ�opPd|1LOj<PdsOH/g ixsd}OPRQ*oxq��hPRJ�sOoxi¢¼
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DHT−based overlay

CDS
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Â�ghP�k 	3fz|M}a|MJMPdl�n�|MPd|�J�ghP�	 �*Â ixsd}OPRQ � � �Ãj�LOQ*J%�1L�m�nhQ�m,L$|MPd| ��� � 	tHKL$qr|�JMQ/nrHKJ�oxqhu�sOq�� l sOq�sUu$oxqhu
J�ghP3LÇ{OPRQ/ixs°}²qrPRJ���LOQ�¸#�	sOq��
��S 	 �rPdixop{OPRQ/oxqru�l Pd|�|�sUuOPd| �*opJ�groxq6J�ghPYLÇ{OPRQ/ixsd} qrPRJ���LOQ�¸#¼
À£q s 	 �*ÂY�,�7ghPdqws�qhL �hP �#Q/|MJ �ML$oxqr|7J�ghP�|M}a|MJMPdlz�,opJ�LON�J�sOoxqr|+s�qbnrl�PRQ/oxHRsOi­o �hPdq'J�o���PRQd�h¸aqhL��7q

sO|�opJ�|!qhL �rP�À 	��Oj Q/L$l sOq � �¢N�opJ�¸OPR}�|Mm�sOHKP ��PO¼öuh¼p�aoxq k&ghLOQ � � �¨V �¢� � � � S � 	�¼�Â7ghP�qhL �hP&À 	 l s°}�N,P
HKL$l�m�nrJMP�� ipLaHRsOixip}O�rPO¼öuh¼p�	Nb}²sUm�m�ip}aoxqhu�s�|M}a|MJMPdl � �*o �hP�grsO|/gzj�n�qrHKJ�opL$qzJML6|ML$l�P�ixLbHRsOi­oxqhj�LOQ/l sUJ�opL$q
|�nrH�g�sO|1J�ghP*qrL �hP .Þ|!À � s����hQ/Pd|�|R¼ 	InhQ/oxqhuYJ�grP �ML$oxqroxqhuYm�Q�LbHKPd|/|R� J�ghP+qhL �hP7l�nr|MJ �#Q/|MJ!HKL$q'J�sOHKJt|ML$l�P
qhL �hPd|�J�grsUJ sUQ�P sOixQ�Pds��h} oxq(J�ghP |M}a|MJMPdlz�1sOq��[J�ghPdq[sOHRHKLOQ �ro¶qhuEJML opJ�|�qhL �hP²À 	�� �Mo¶qr|MPRQ�J � opJ�|MPdixj
oxq'JMLwJ�grP�mrQ/LOm	PRQ�m�ixsOHKP²oxq J�ghP�LÇ{OPRQ/ixs°} qhPRJ%�1LOQ�¸	¼EÂ�ghP²qhL �hP�À 	�|MPRQ/{OPd|�sO|�J�gro¶|�qhL �hP .Þ|�L°{OPRQ/i¶sd}
qhPRJ%�1LOQ�¸ s����hQ�Pd|�|d�ïsOq�� J�ghP�qrL �hP6ox|YQ�Pd|�m	L$q�|�opN�ipP�j�LOQ�s HKL$q'J�opu$nhL$nr|�Q�PRu$opL$q sUQ�L$nrq�� opJ�|�qhL �hP�À 	
oxq J�ghP�¸OPR}E|Mm�sOHKPO¼�GI{OPRQ/ixsd} qhPRJ%�1LOQ�¸a|YN�n�oxipJInr|�oxqhu²s 	 �*Â sUQ�P�|MJMQ/n�HKJ�nhQ�P�� oxqE|�nrH�gEs'�&sd} J�grsUJ
qhL �hP+À 	I|&PdqrHKL �hPIL°{OPRQ/i¶sd}zqhPRJ���LOQ�¸�JMLOm	L$ixLOuO}�oxqhj�LOQ/l sUJ�oxL$q���Â�ghPIqhL �rP*À 	��rPRJMPRQ/l oxqhPd|�J�ghPY|MPRJtLOj
qhL �hPd|&J�grsUJtJ�gro¶|�qrL �hP#�7o¶ixirN,PYqhPdopu$g'N,LOQ/oxqhu �7opJ�g8�hsOq�� �7g�oxH/g²qhPdopu$g'N,LOQ&JML nr|MP#�7ghPdq6j�LOQ ��sUQ �roxqhu
s l�Pd|/|�sUuOP�oxq²J�ghP�L°{OPRQ/ixs°} qhPRJ���LOQ�¸	¼
Â�grP�k 	3f²qhPRJ���LOQ�¸²j�LOQ/l�P�� nr|/oxqhu�s�	 �*Â grsO|tJ�ghP3j�L$ixipL��7oxqhu�oxl m	LOQ/J�sOq J&mrQ�LOm,PRQ�J�oxPd|#�

� �8¬ � ���/³������ � ¯ � ¯ � � � Â�ghPwqhPRJ���LOQ�¸ ox|�j LOQ�l�P�� oxq s j�nrixip} �hPdHKPdq'JMQ/sOixo �RP�� j�sO|�gropL$q8�tsOq�� qhL
HKPdq'JMQ/sOixo �RP�� Pdq'J�opJ~}zox|tqhPRP��rP��8¼

� �0� � � � ��� ¬ � 	 �+Â �¢N�sO|�P�� |M}a|MJMPdl |*sUQ�P�|�HRsOixsUN#ipP �7opJ�gzJ�grP�q'n�l�N,PRQtLOj�qhL �hPd|�oxqzJ�grP�|M}a|MJMPdlz�
Nb} ¸OPRPRm�o¶qhuwN,LOJ�g(J�ghP²q'n�l�N,PRQ�LOj�Q�L$nhJ�oxqru J�sUN�ipP6Pdq'JMQ/opPd|�L$q s qrL �hP6sOq��(J�ghP²q'nrl�N,PRQ�LOj
LÇ{OPRQ/ixs°} ghLOm�|�N,PRJ���PRPdq sOq'} J���L qhL �rPd|�|�l sOi¶i��1PO¼öuh¼p�*N,LOJ�g sUQ�P
� ��ipLOu���� 	 oxq k&grLOQ � � �¨V �¢�
�*ghPRQ�P
� � ox|tJ�ghP3qbnrl�N	PRQtLOj�qhL �hPd|toxq²J�grP�qhPRJ���LOQ�¸	¼

� �6³ � �­®Rµ � Â�ghP7|�}b|MJMPdl.ox|!Q�LON�nr|MJ1oxq�J�grsUJ&qhL �hPd|!HRsOq�j Q/PRPdip} �£L$oxq LOQ�ipPds°{OP*J�grP*qhPRJ%�1LOQ�¸	�hsOq��
szqrL �hP �ML$oxq LOQ �hPRm�sUQ/J�nhQ�P �¨HKQ/sO|�gEg�sO|YszipLbHRsOi¶o �RP�� P��	PdHKJ#�3L$q�ip} sz|�l sOi¶iïqbnrl�N,PRQ+LOj&qhL �hPd|
qrPRP���JML�H/g�sOqhuOPIJ�ghPdopQ�Q�L$nhJ�oxqhu�J�sUN�ipPd|R¼�¹rLOQ�P��hsOl�m�ixPO� �*ghPdq�s�qhL �hP*ixPdsd{OPd|&J�ghPI|M}a|MJMPdlz�aJ�ghP
|�PRu$l�Pdq J�J�grsUJ�opJ ��sO|�Q�Pd|Mm,L$qr|/opN�ipP�j�LOQ-�7oxixi<N,P�J�sU¸OPdq LÇ{OPRQ�N'} LOJ�ghPRQ�ixop{OP�qhL �hPd|�J�grsUJ�sUQ�P
HRixL$|MP3JML J�gro¶|tqhL �rP3oxq²J�ghP3¸OPR}z|Mm�sOHKPO¼
� ixi 	 �*Â7|�P��bm,LOQ�J sEHKL$l l L$q |�oxl�m#ipP �+� À�JML J�ghP nhm�m	PRQ�ixs°}OPRQd� �,�!���,4,�����0 �.�� � � �¢� �7gro¶H/g

m,PRQ�j�LOQ/l |Is �1Pdi¶i � �hP��#qhP��wJ�sO|M¸ �Yu$op{OPdqEs²¸OPR}O�$�	q�� J�grP qhL �rP�o¶qwJ�grP |M}b|�JMPdl Q�Pd|Mm,L$qr|�opN#ipP�j�LOQYJ�ghP
¸OPR}O¼�À£q�J�ghPYk 	3f	� |�oxl�oxixsUQ<JML�LOJ�ghPRQ 	 �*Â �¢N�sO|MP���|�}b|MJMPdl.|�nrH�g�sO|&k&¹�f � ��� �¢� �1P*nr|MP�J�ghP*P��bJMPdq��hP��
	 �*Â �+� À]�7�!4 ������ �.#� 5� &�!�3� �! �� � � � � �7ghPdq u$op{OPdqEs��� '.wsOq��Es 5� &�,��� �! ��,J�ghP 	 �+Â-qhLOJYL$qrix}
�#q���|1J�grP�qhL �hPIQ�Pd|Mm,L$qr|�opN#ipP*j�LOQtJ�ghP��� �.#�aN�nhJ�sOi¶|ML��hPdixop{OPRQ�|&J�ghP
5� &�!�3� �! �JML�opJR¼�Â�ghP 	 �+Â ixs°}OPRQ
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�hLbPd|�qhLOJ �roxHKJ�sUJMPtghL��[J�ghP7k 	3f�H/ghLbL$|MPd|�J�ghP �� '.�j LOQ 57 ��!�3� �  r¼ïÂ�ghP 	 �+Â[ixs°}OPRQ�L$q�J�ghP&Q�PdHKPdop{aoxqhu
qhL �hP �hL'Pd|�qrLOJïP��hsOl oxqrP�J�grP&l Pd|�|�sUuOPO�$N�nrJïopJ�|�o¶l�m�ip}Im�sO|�|�Pd|<J�ghPtl�Pd|�|�sUuOPtJMLYJ�ghP7k 	3f�ixs°}OPRQd¼�Â�ghP
k 	3f�i¶sd}OPRQ!m�Q�LbHKPd|/|MPd|�J�ghP+l�Pd|�|�sUuOP+sOq�� J�sU¸OPd| �ro��,PRQ�Pdq'J!sOHKJ�opL$qr|d�'|�nrH�g�sO|�sOHRHKPRmrJ�oxqhu�Q�PRu$ox|MJMQ�sUJ�opL$qr|
sOq��wQ�Pd|ML$ip{aoxqhu � nrPRQ/opPd|R�	N�sO|MP��wL$q J�ghP�Jã}'m,P�LOj�J�ghP�l�Pd|�|/sUuOPO¼ � |+|�nrH�g8�,J�ghP�k 	Yfwixs°}OPRQYnr|MPd|+J�ghP
	 �*Â m�nhQ�Pdix}�sO|7s�JMQ�sOqr|Mm,LOQ�J&{OPdgroxHRipPO¼
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� mrm�ixoxHRsUJ�oxL$qr|&N�nroxixJ1L$q JMLOm LOj<J�ghP�k 	3f²HRsOq m,PRQ�j LOQ�l�J���L�LOm,PRQ/sUJ�opL$qr|d�rQ�PRu$ox|MJMPRQ*s HKL$q JMPdq'JIqrsOl�P
LOQ ox|�|/nhP6s � nhPRQ�} JML |MPdsUQ/H�g[j LOQ HKL$q'JMPdq'J�|R¼[Â�ghPzsUmrm�ixo¶HRsUJ�opL$q HRsUQ/Q/opPd|�L$nhJ�J�ghPd|�P6LOm,PRQ/sUJ�oxL$qr|�N'}
oxq'{OLO¸bo¶qhu�L$qhPYLOj<J�ghPYJ���L�l PRJ�ghL ��|tmrQ�LÇ{bo �rP��²N'}6J�ghP�k 	3f �+� À �

� +0 ��� � �0 �+ � �����0�  �� � �&� 57 �'¼z» ghPdq J�g�ox|3j�nrqrHKJ�opL$q ox|�o¶q {OLO¸OP��8�<J�ghP k 	3fEi¶sd}OPRQ-�7oxixi!|MPdq��
J�grP�HKL$q JMPdq'J*q�sOl�P3JML�s |�PRJ�LOj�|MPdipPdHKJMP�� qrL �hPd|7oxq²J�ghP�qhPRJ%�1LOQ/¸#�	nr|�oxqhu�J�ghP 	 �+Â mrQ�oxl opJ�op{OP
�!40� � � ¼

� �� !�'+�� ������4& '+!. � ¼ » ghPdq J�grox|Yj�nrqrHKJ�oxL$q ox|3o¶q {OLO¸OP��8�<J�ghPzk 	3fEixs°}OPRQ-�7oxixi�|MPdq�� J�ghP � nhPRQ/}
JML mrQ�LOm,PRQYqhL �rPd|Yoxq J�ghP qhPRJ���LOQ�¸ JML Q�PRJMQ/oxPR{OP�J�ghP |MPRJYLOj&HKL$q JMPdq'J�qrsOl�Pd|3J�grsUJ3l sUJ�H/g J�ghP
� nhPRQ�}O¼�Â�ghP�l�Pd|�|/sUuOP�m�sO|�|�oxqru6sUu$sOoxq ox| �hL$qhP�N'} oxq'{OLO¸boxqru�J�ghP n�q��hPRQ/ip}aoxqhu�	 �+Â .Þ|*�!4 ��� �
j�nrqrHKJ�oxL$q8¼

Â�grP3m�sUQ/sOl�PRJMPRQ�| �'�3�0�0 3�0� ���-57 �sOq��	��4& �+,.²sUQ�P�J�grP �  �¢m�sOoxQ�Q�PRmrQ�Pd|�Pdq J�sUJ�opL$q�|7LOj�s�HKL$q'JMPdq'J
qrsOl�PYLOQ+s � nhPRQ�}�sO| �1P �hP��#qhP��²PdsUQ/i¶opPRQd¼
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Â�ghPwl sOoxq J�sO|�¸[LOjYJ�ghP k 	3f ixsd}OPRQzox|�JML �hPRJMPRQ/l�oxqhP/�7grPRQ�P JML Q/PRu$ox|MJMPRQ²s HKL$q'JMPdq JzqrsOl�P sOq��
�7ghPRQ/P�JML�|MPdq�� s � nhPRQ�}�j LOQ1Q�Pd|ML$ixnrJ�opL$q8�$L$qrHKP+opJ�Q�PdHKPdox{OPd|1s3HKL$q'JMPdq'J�qrsOl P7LOQ � nhPRQ�}O¼�Â�grP�mrQ/oxl�sUQ�}
�hPd|�oxu$q�uOL$sOiho¶|­JMLYl�PRPRJ�J�grP&|/HRsOixsUN�oxixoxJ~}3sOq���HKL$q'JMPdq J�|�PdsUQ/H/grsUN#oxixopJã}3Q�P � nropQ�Pdl�Pdq'J�|R¼ï»EP+��Q/|MJïNrQ/oxP���}
P��hsOl oxqhPYJ�ghP �hPd|�opu$qz|Mm#sOHKP3j LOQ7J�ghP�k 	3f	¼hÀ£q²m�sUQ�J�oxHRn�ixsUQd�)�1P�grsd{OP�J���L�HKL$qrHKPRQ/qr| �
� ¼ �6¬ �#¯�®Rµ � �hµÇ¯�³ � �$³#®Rµ �
�*L��½l sOq'} 	 �+Â qhL �hPd| �hLbPd|�s HRi¶opPdq J�qrL �hPYgrs°{OP�JML Q/PRu$ox|MJMPRQ7s HKL$q'JMPdq'J*qrsOl�P��7opJ�g��

Sb¼ � �­¬ � � �$³#®Rµ �
�*L��½l sOq'} 	 �+Â qhL �hPd| �hLbPd|�s HRi¶opPdq J�qrL �hPYgrs°{OP�JML�HKL$q'J�sOHKJ+JML Q�Pd|ML$ip{OP�s � nhPRQ/}��
»EP3oxi¶ixnr|MJMQ/sUJMP*J�ghPd|MPIJ���L�l�PRJMQ/oxHR|&oxq²¹<opu$nhQ/PISb¼öV�sOipL$qhu-�7oxJ�g�|MPR{OPRQ�sOiÃk 	3f �rPd|�opu$q�LOmrJ�opL$qr|R¼�À£q

s�HKPdq JMQ/sOi¶o �RP�� �hPd|�opu$q8�asOixi	qrsOl�Pd|�sOq�� � nrPRQ/opPd|!sUQ/PI|�Pdq J�JML�L$qhP+HKPdq'JMQ/sOi,ipLaHRsUJ�opL$q8¼�» groxipP*J�grox|1l sd}
ipLbLO¸�sUJMJMQ/sOHKJ�ox{OP7|�oxqrHKP&J�ghP�o¶q��rop{ao �rnrsOi HKL$|MJ�LOj#sIQ�PRu$o¶|MJMQ/sUJ�opL$q�sOq�� � nhPRQ�}�ox|<l oxqro¶l o �RP��8�¨J�ghP�HKPdq'JMQ/sOi
ipLaHRsUJ�opL$q HKL$qr|MJ�opJ�nhJMPd|*J�ghP�|M}b|�JMPdl'.Þ|*|/oxqhu$ipP3m,L$oxq'J �¢LOj �¢j�sOoxi¶nhQ�P3sOq��wN,LOJMJ�ipPdqhPdH�¸	¼�À£q J�ghP�Q�PRu$ox|MJMQ�sUJ�opL$q
NrQ�L$s���HRsO|MJ�oxqhu��hPd|/opu$q8�Ãs HKL$q'JMPdq'J�qrsOl�P�ox|Y|MPdq'J3JML PR{OPRQ�}EqhL �hP oxq J�ghP�|M}b|�JMPdlz�­sOq�� J�ghP HKL$|MJ�LOj
Q�PRu$ox|�JMQ/sUJ�opL$q ox|�J�gbnr| g�opu$g8¼ �7L��1PR{OPRQd�tJ�grP � nhPRQ/}(HKL$|MJ�ox|�ipL�����sO| sOq'} � nrPRQ�} HRsOq N	P²Q�Pd|�L$ip{OP��
ipLaHRsOixip}O¼+fhoxl oxixsUQ�ip}O�roxq J�grP � nhPRQ�} ��LbL ��oxqhu �hPd|/opu$q8��J�grP�Q�PRu$ox|�JMQ/sUJ�opL$q HKL$|MJ+o¶|*Ta�,oxq J�g�sUJ+sOixiïqhL �hPd|
¸OPRPRm J�ghPdoxQIHKL$q'JMPdq'J3qrsOl�Pd|IJMLzJ�ghPdl |�Pdip{OPd|R¼ �*L���PR{OPRQd�­oxJIo¶|*P��am,Pdqr|�op{OP�JML²Q�Pd|ML$ip{OP � nhPRQ/oxPd|R�8|�oxqrHKP
s � nhPRQ�} l sd}Egrs°{OP�JML N,P |MPdq'J3JML sOi¶i�qhL �hPd|3oxq J�ghP�|M}b|�JMPdl JML uOPRJ3Q/Pd|ML$ip{OP��8¼��7PdopJ�grPRQ3LOj1J�grPd|MP
sUmrmrQ/L$sOH/ghPd|*ox|t|�HRsOixsUN�ixP �rnhPYJML J�ghP�mrQ�L$gropN#opJ�op{OP*qbnrl�N,PRQ�LOj­Q/PRu$ox|MJMQ/sUJ�opL$q LOQ � nrPRQ�}6l Pd|�|�sUuOPd|R¼
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¹<opu$nhQ�P3Sb¼öV �tk 	3f �hPd|�opu$q |Mm�sOHKPO¼

À£q�L$nrQ&|�}b|MJMPdl � ��PIoxq JMQ/L �rn�HKP*s�|�HRsOixsUN�ipP+sUmrmrQ�L$sOH�g²N�sO|MP���L$q����K�#�'���'&U�U�b�*¦��U������������¦����Ç¼�À£q
J�grox| �rPd|�opu$q8�rs HKL$q'JMPdq'J*qrsOl�P�ox|&L$qrip}6Q�PRu$ox|MJMPRQ/P��'�7opJ�gzs |/l sOixi8qbnrl�N,PRQtLOj�qhL �hPd|�oxq²J�grP�|M}a|MJMPdlz�
J�ghP � � | ��J�gbnr|�J�grP�j�nrixi ��nhm�ixoxHRsUJ�oxL$qELOj7HKL$q'JMPdq J qrsOl Pd|�sUJ�sOixi�qhL �rPd|�ox|�sd{OL$o �rP��8¼
�YnhPRQ/opPd|�sUQ�P
�ropQ/PdHKJ�ip} |MPdq'J�JML�J�ghP+mrQ�LOm,PRQ � � |1j�LOQ&Q�Pd|ML$ixnrJ�opL$q�sOHRHKLOQ �roxqhu�JML�J�ghP �  �¢m�sOopQ/|�oxq�J�ghP � nrPRQ/opPd|R�asOq��
qhL6qhPRJ���LOQ�¸ � �7o �hP�|�PdsUQ/H/gro¶qhu�ox|7qhPRP��hP��8¼�Â�grP3JMPRQ/l��£Q�Pdq��hP��R{OL$nr|���ox|*nr|MP�� N,PdHRsOnr|�P3J�ghP � � |+sUQ�P
�7ghPRQ/P � nhPRQ�opPd|tsOq��zJ�ghP�l sUJ�H/ghP��wqrsOl�Pd|�l PRPRJR¼

� 	�� ) � � �C5�5��/�������8��%+� 	 ;���4 5�����
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��	�/��
r���d%7�
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� �<�,�
����0t��� �32����	�!4

À£q J�gro¶|�|MPdHKJ�opL$q
� �1P �hPd|�HKQ/oxN	P sOq(P��hsOl�m�ipPzk 	3f sUm�m�ixoxHRsUJ�opL$q J�grsUJ �1P6N�nroxixJYj LOQ�HKL$q JMPdq'J �¢N�sO|MP��
l�nr|�oxHYoxqrj LOQ/l�sUJ�opL$q6Q�PRJMQ/opPR{UsOi �öS � �	�$� �¢¼
� |/nhN�|MJ�sOq'J�oxsOi­m	PRQ�HKPdq J�sUuOP�LOj�J�ghP�À£q JMPRQ/qrPRJ+JMQ�s ��H�JML �rs°}wHKL$qr|�o¶|MJ�|7LOj1l�nr|/oxH �#ixPd|7P��hH/grsOqruOP��

Nb}wÀ£q JMPRQ�qhPRJ�nr|MPRQ�|YL°{OPRQ � S � qhPRJ���LOQ�¸a|R¼�À£q |�nrH�g s |M}a|MJMPdlz�­PdsOH/g m	PRPRQ�l sd}EHKL$q'JMQ/opN�nhJMP�JML J�ghP
l�nr|�oxH HKL$i¶ipPdHKJ�opL$q[Nb} l sU¸aoxqhu s |�PRJ�LOj �#ipPd|�L$q J�ghP ixLbHRsOi*l sOH/gro¶qhP sd{UsOoxixsUN#ipP JML LOJ�grPRQ/|R¼ Â�ghP
� S � m�Q�LOJMLbHKL$i,sOixixL��7|&s�m	PRPRQ&JML �rox|�HKLÇ{OPRQ+�#ipPd|�|MJMLOQ�P��6L$q6LOJ�ghPRQ&m,PRPRQ/|R¼�y+qrixop¸OP*JMQ/s��ropJ�opL$q�sOi�HRixopPdq'J �
|MPRQ�{OPRQ�N�sO|MP�� |�}b|MJMPdl �­J�ghP��hPdHKPdq JMQ�sOixo �RP�� sOq�� |MPdipj �¢LOQ�u$sOqro �doxqru qrsUJ�nhQ�P�LOj � S � qhPRJ%�1LOQ�¸a|�l�sU¸OPd|
J�ghPdl s�l�LOQ/P�|�nroxJ�sUN�ipP3sOq�� m	L��1PRQ/j�nri
m�ixsUJMj�LOQ/l j�LOQ*Q/Pd|ML$nhQ/HKP�|/grsUQ/oxqhuh¼ �*L���PR{OPRQd�,J�ghP�n�|MPRj�n�ixqhPd|�|
LOj&P��ao¶|MJ�oxqhu � S � |�}b|MJMPdl�|�ox|YLOj�JMPdq i¶oxl opJMP�� Nb} J�ghPdopQ�|MPdsUQ�H/groxqru HRsUm�sUN�oxi¶opJ~}O¼6¹hLOQ�P��hsOl�m�ixPO�­J�ghPR}
L$qrip} mrQ/L°{ao �hP�mrQ/o¶l opJ�op{OP�|MPdsUQ/H�groxqhuwl�PRJ�ghL �r|R�<|�nrH/g sO|�¸OPR} ��LOQ � |�PdsUQ/H/gro¶qhuh�­LOQ�|MPdsUQ/H�groxqhu N#sO|MP��
L$q(s HKL$l�N�oxqrsUJ�opL$q LOj�|�oxl m�ipP l�PRJ�s��rsUJ�sa¼ y*|�PRQ/|�LOj�s � S � |M}a|MJMPdl l sd} �rPd|�opQ�P�l LOQ�P�m,L���PRQ�j�nri
|MPdsUQ/H�groxqhu6HRsUm�sUN�oxi¶opJ�opPd|7|/nrH/g sO|I|MPdsUQ/H/g�oxqhu�N#sO|MP�� L$q J�ghP�l�n�|�oxH�HKL$q'JMPdq'JIoxJ�|MPdipjÁ¼ � |IsOqwP��asOl m�ipPO�
J�ghPR}�l s°} �&sOq'J�JML�|MPdsUQ�H/g j�LOQ�J�ghP*sOipN�nrl>J�grsUJ1HKL$q J�sOoxq�|!sOq nrqr¸bqhL��7q�|ML$qhu�Q�PdHKLOQ �hP���j�Q�L$l-Q�s��ropLh�
LOQYJ�ghPR} l sd} �&sOq JYJML �#q��wl�LOQ/P |ML$qhu$|IJ�grsUJ3sUQ�P �M|�o¶l oxixsUQ���JMLzJ�ghP�nrqh¸aqhL��7q |ML$qhu oxq JMPRQ/l |ILOj
�~�K�*�a�O¼
»EP��hPd|�opu$qhP�� s |�HRsOixsUN�ixP � S � |M}b|�JMPdl J�grsUJ7|/nhmrm,LOQ�J�|tHKL$q'JMPdq J �¢N�sO|�P�� Q�PRJMQ�opPR{¨sOi
LOj<l�nr|�o¶H �#ipPd|
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DHT−based Overlay

Registration Searching

MFD Specification

MFEE

Content Discovery System
MFD

Database

¹<opu$nhQ�PYSb¼ � �1fbLOj�J��&sUQ�PYsUQ/H/g�opJMPdHKJ�nhQ�PIL$q²s�m	PRPRQ&qhL �hPIoxq J�ghPYl�nr|�oxH*oxqhj�LOQ/l sUJ�opL$q�Q�PRJMQ/opPR{UsOi,|M}a|MJMPdlz¼

sO|��1Pdixi­sO|7J�grP�JMQ/s��roxJ�opL$qrsOi
sUJMJMQ/oxN�nhJMP �¢{UsOixnhP3N�sO|�P��w|MPdsUQ�H/g nr|�oxqhu |/oxl�m�ipP3l PRJ�s��rsUJ�sa¼*Â�grP�|M}a|MJMPdl
ox|!N�nroxipJ<L$q�JMLOm�LOj8J�ghPYk 	3f	¼ ¹<opu$nhQ/P*Sb¼ � |/ghL��7|!J�ghP*|�LOj J%��sUQ�PIsUQ/H�gropJMPdHKJ�nhQ�P*L$q PdsOH�g�m,PRPRQ�qhL �rPO¼ �
nr|MPRQYl s°} m,PRQ�j�LOQ/l J%�1LzJã}'m,Pd|+LOj!LOm,PRQ/sUJ�oxL$qr|#��Q�PRu$o¶|MJMPRQ/oxqhu6|�grsUQ�P�� �#ixPd|*sOq�� oxq�opJ�oxsUJ�oxqhu�|MPdsUQ/H/grPd|R¼
¹hLOQIQ�PRu$ox|�JMQ/sUJ�opL$q8��s�|�grsUQ�P��wsOn��ropL �#ipP�ox|7Q�PRmrQ�Pd|�Pdq JMP�� nr|�oxqru s�HKL$q'JMPdq JYqrsOl�PO�,�7groxH�g HKL$qr|/ox|MJ�|�LOj
s�|�PRJ�LOj �  �¢m�sOopQ�|R¼ � HKL$q'JMPdq JIqrsOl�P�ghPRQ�P�ox|7sOix|ML ¸aqhL��*q sO|7s�vwn�|�oxHY¹<oxipP 	+Pd|�HKQ�opmrJ�opL$q
��v ¹ 	 	�¼
Â�ghP�v ¹ 	I|1sUQ�P7PdopJ�ghPRQ!|Mm,PdHRo��#P���N'}�J�ghP7n�|MPRQ�LOQ1sOnrJML$l sUJ�oxHRsOixip}�uOPdqhPRQ�sUJMP���Nb}�J�grP7vwn�|�oxH�¹hPdsUJ�nrQ�P
º �aJMQ/sOHKJ�opL$q º qhu$oxqhP���v ¹ º1º 	�¼�Â7ghP+HKQ�opJMPRQ/oxs�LOj­s�|MPdsUQ�H/g ox|�j�LOQ/l�nrixsUJMP��zsO|ts � nhPRQ�}O�)�7groxH�g²ox|&sOix|ML
oxq²J�ghP�j LOQ/l LOjïsOq v ¹ 	�¼
Â�grP*v ¹ º1º HKL$l�m,L$qhPdq'J1J�sU¸OPd|tsO|&oxqhm#nhJ!sOq²sOn��ropL �#ipP*o¶q�HKL$l�m�Q�Pd|�|MP���j LOQ�l sUJR�h|�nrH/g6sO|&v ��� �

J�ghP v �1º ¿ sOn���opL HKL$l�m�Q�Pd|�|�opL$q |MJ�sOq���sUQ �8�7sOq�� L$nhJMm�nrJ�|6s j�PdsUJ�nhQ�P {OPdHKJMLOQ LOj �  �¢m#sOopQ/|�J�grsUJ
H/g�sUQ/sOHKJMPRQ/o �RPd|�J�ghP�m�sUQ�J�oxHRn�ixsUQYl�nr|/oxHRsOi<HKL$q JMPdq'J�LOj1J�ghP-�#ipPO¼�ÀÁq L$nhQ3|�}b|MJMPdl �$�1P n�|MP�J�ghP�j PdsUJ�nrQ�P
|MPRJ�mrQ�LOm,L$|MP��[oxq � � � �*j�LOQ J�ghP m#nhQ�m,L$|MP²LOjYl�nr|/oxHRsOituOPdqhQ�P HRixsO|�|�o �#HRsUJ�opL$q8¼ Â�grox|�j�PdsUJ�nhQ�P {OPdHKJMLOQ
HRsUmrJ�nhQ/Pd|*sO|Mm,PdHKJ�|*LOj�oxqr|MJMQ�nrl�Pdq'J�sUJ�opL$q sOq��w|ML$nrq�� JMP��bJ�nrQ�P�� �7g�sUJ*oxqr|�JMQ/nrl�Pdq'J�|7sUQ�P�m�ixs°}boxqru�sOq��
J�ghPdopQ �hPdqr|/opJ~} ��ox|MJMQ/opN#nhJ�opL$qELÇ{OPRQ J�oxl�P�	���Q/g'}bJ�grl ��j�sO|MJ �~|/ipL��3�1|MJMQ�L$qhu
� ��PdsU¸ 	���sOq��(m�opJ�H�g(HKL$q'JMPdq'J
��grsUQ/l L$q }
	&sOq��zgrsO|�N	PRPdq |�ghL��*qzJML N,P3sOqzP��,PdHKJ�op{OP�Q�PRm�Q�Pd|MPdq'J�sUJ�opL$qzj�LOQ�J�ghP3m�nrQ�m,L$|MPd|�LOj<HRi¶sO|�|�o �
�#HRsUJ�opL$qwsOq��zQ�PRJMQ�opPR{¨sOi,LOj�l�nr|�oxHU¼ º �hsOl�m�ipPd|tLOj�|�n�H/gzj�PdsUJ�nhQ�Pd|*oxqrHRixn��rP��~�R�7�h� �������O�!�]�����K�b¡$��� sOq��
� �~¡O���/�²�£���b�U�]� �U�r��¥ ¥K�a�U�'¡'�R¼�Â7ghP �ro��,PRQ�Pdq JIJã}'m,Pd|YLOj&oxqhj�LOQ/l sUJ�opL$q Q�PRm�Q�Pd|MPdq'JMP�� N'} J�ghP�j PdsUJ�nrQ�P
{OPdHKJMLOQYHKL$l�N#oxqhP��'�7oxJ�g²J�ghP � nhPRQ�}���P��hopN�oxixoxJ~} LOj<J�ghP�|�}b|MJMPdl |�nhmrm,LOQ�J�|ts Q/oxH/g {¨sUQ/oxPRJ~}zLOj � nrPRQ/opPd|R¼
¹hLOQIP��hsOl�m�ipPO�	s�nr|MPRQIHRsOq |MPdsUQ/H/g L$qrix}6L$qwJ�ghP�N�sO|�ox|7LOj�Q/g }bJ�grl o¶HYHKL$q JMPdq'J#�7groxipP3oxu$qhLOQ/oxqhu�LOJ�ghPRQ
|�oxl�oxixsUQ/opJã}�sO|Mm,PdHKJ�|R¼

�7PRu$ox|MJMQ/sUJ�opL$q�|7sOq�� � nhPRQ/oxPd|�sUQ�P�HRsUQ�Q�opP�� L$nhJ*nr|�oxqhu�J�ghP�k 	3f	¼��&sO|MP��wL$q J�ghP �  �¢m�sOopQ/|�o¶qzJ�ghP
v ¹ 	��#J�ghP�k 	3fzH�ghLbL$|MPd|7s�|MPRJ�LOj<m,PRPRQ/|�oxqzJ�grP�|M}a|MJMPdl J�grsUJ*|�ghL$nri �²Q/PdHKPdop{OP�J�ghP�Q�PRu$ox|MJMQ/sUJ�oxL$qzLOQ
� nhPRQ�}O�hHKL$l�m�nhJMPd|&J�grPdopQ�qhL �hP*À 	I|R�hsOq��²J�ghPdq²nr|MPd|&J�grP 	 �+Â ixsd}OPRQ7JML��hPdixop{OPRQ�J�ghPIQ�PRu$ox|MJMQ�sUJ�opL$q²LOQ
� nhPRQ�} l�Pd|�|�sUuOPd|�JML J�ghPdlz¼�»EP6nr|MP ¹<opu$nhQ�P Sb¼�� JML oxixixn�|MJMQ/sUJMP�J�ghP�|MJMPRm�|�oxq {OL$ix{OP�� oxq Q�PRu$ox|�JMPRQ/oxqhu
sOq v ¹ 	�¼ïÂ�ghP |MJMPRm#|Yj LOQ�ox|�|�nro¶qhu6s � nhPRQ�} sUQ�P�|/oxl oxixsUQ°¼�À£q fbJMPRm � �­J�ghP�sUmrm�i¶oxHRsUJ�opL$q m�sO|�|�Pd|YJ�ghP
v ¹ 	 JML�J�ghP3k 	3f	�'sOq��6J�ghP3k 	3f J�ghPdq �hPRJMPRQ/l oxqrPd|1s��hPd|MJ�oxq�sUJ�opL$q�qrL �hP*À 	 N�sO|MP��6L$q6J�ghPIqrsOl�PO�
sOq�� m�sO|�|�Pd|+oxJ7JML²J�ghP 	 �+Â-ixs°}OPRQ3oxq fbJMPRm Sb¼3Â�grP 	 �*Â-i¶sd}OPRQY|MPdq��r|+J�ghP�l�Pd|�|/sUuOP�J�grQ�L$nhu$g J�ghP
L°{OPRQ�ixsd} qhPRJ���LOQ�¸(JML J�ghP �hPd|MJ�oxqrsUJ�oxL$q(qrL �hP²oxq fbJMPRm � ¼ � J�J�ghP²Q�Pdl LOJMP qhL �rPO��J�ghP 	 �+Â ixs°}OPRQ
m�sO|�|�Pd|1J�grPIl Pd|�|�sUuOPIJML�J�ghP�k 	3f�i¶sd}OPRQ��¢fbJMPRm²V 	��rsOq��6J�ghPdq6J�ghP3k 	3f�ixsd}OPRQ�|MJMLOQ/Pd|topJ�o¶q�J�ghPYipLaHRsOi
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¹<opu$nhQ/P�Sb¼�� �1Â�ghP3|�JMPRm�|�oxq'{OL$ip{OP�� oxq²Q/PRu$ox|MJMPRQ/oxqru s�HKL$q JMPdq'J+q�sOl�PO¼

v ¹ 	 �rsUJ�sUN#sO|MP
�¢fbJMPRm � 	�¼ faJMPRm � � � sUQ�P HKL$q)��Q/l�sUJ�opL$q l�Pd|�|�sUuOPd|�JMLEipPRJ�J�ghPzQ/PRu$ox|MJMPRQ/oxqru qhL �hP
¸aqhL�� �*ghPRJ�ghPRQ�J�ghP�Q�PRu$ox|MJMQ/sUJ�oxL$q ox|tHKL$l�m�ixPRJMP�� |�nrHRHKPd|�|�j�nri¶ip}�LOQ7qrLOJR¼
y*m,L$q�J�ghP7sUQ�Q�op{¨sOiaLOj,s � nhPRQ�}O�'J�ghP�m,PRPRQ�P��hsOl oxqhPd|�oxJ�| �rsUJ�sUN�sO|MP*sOq���Q�PRJ�nhQ�qr|<J�ghP7|MPRJ!LOj,v ¹ 	I|

J�grsUJ�l sUJ�H/g J�grP � nhPRQ�}EJML J�ghP � nhPRQ/} oxqropJ�oxsUJMLOQ°¼ Â�ghP�l�sUJ�H/ghP��[v ¹ 	+|�l s°} HKL$q'J�sOoxq(|�n)��HRopPdq'J
oxqhj�LOQ/l sUJ�oxL$q J�grsUJ�J�ghP � nhPRQ/} oxqropJ�oxsUJMLOQ�ox|!ixL'LO¸aoxqhu�j LOQd�bPO¼öuh¼p�hJ�ghP+|ML$qhu�qrsOl�P+LOj
sOq6n�qh¸bqrL��7q�m�opPdHKP
LOj8l�n�|�oxHU¼<Â�ghP � nhPRQ�}�oxqropJ�o¶sUJMLOQ�l sd}�j�nhQ�J�ghPRQ �hL��7qripL$s�� J�ghP7sOHKJ�nrsOi#l�nr|/oxH �#ipPtj�Q�L$l-J�ghP7m	PRPRQ!J�grsUJ
L��*qr|�opJR¼

� 	�� � �!�������<0*%*
��>�(%*���+�	�r"b���t�#�!� �C�!�	�/9*�

»EPYqhL�� �hPd|/HKQ/opN,P�J�ghPIsOipuOLOQ/opJ�g�l |�J�ghP3k 	3f�ixsd}OPRQ�nr|�Pd|!JML�|MPdipPdHKJtqhL �hPd|�oxq J�ghPI|M}a|MJMPdl.JML�g�sOq��ripP
Q�PRu$ox|�JMQ/sUJ�opL$qr|�sOq�� � nhPRQ�opPd|R�rsOq��zP��am�ixsOo¶q6grL�� s�qhL �rPIl�sUJ�H/ghPd| � nrPRQ/opPd|&JML Q�PRu$o¶|MJMPRQ�P�� HKL$q'JMPdq J�|d¼

� 
��"
�	 � ��� ��! � �$D � �~FÃA
Â­L�Q�PRu$ox|�JMPRQ*s HKL$q'JMPdq JIqrsOl�PO� � � � � ��
 � � � � 
 � � � �

�����
� 
 � � � �$�#J�grsUJ*grsO| 
 oxq��rPRm	Pdq��hPdq J �  �¢m#sOopQ/|R�J�ghP6k 	Yf ixsd}OPRQ�L$q J�ghP�mrQ�LÇ{bo �rPRQ3qhL �rP�l�n�|MJ �hPRJMPRQ/l�oxqhP�J�ghP�|�PRJ�LOjtqhL �hPd|YJ�grsUJ�|�ghL$nri � Q/PdHKPdop{OP

J�grox|�q�sOl�PO¼[ÀãJ H�ghLbL$|MPd| J�ghP |�PRJ LOj+qrL �hPd|�Nb} sUmrm�ip}aoxqhu s |M}a|MJMPdl � �7o �hPzgrsO|�g j�nrqrHKJ�opL$q8���w�1JML
PdsOH/g �  �¢m�sOopQtoxq6J�ghPYHKL$q'JMPdq J7q�sOl�PO¼	��HRsOqzN,PIsOq }6nrqropj�LOQ/l.grsO|�g6j�n�qrHKJ�opL$q²|�nrH�g6sO|7f � � � � � V��¢¼
Â�ghP ¥/�U�*�#�x�R�~��HKL$q'JMPdq J�qrsOl�P�ox|3J�ghPdq |MPdq'J�JML PdsOH�g LOjtJ�grP�qhL �hPd|�oxq J�ghP 	 �*Â �7ghL$|�P À 	I|�sUQ�P
qbnrl�PRQ/oxHRsOi¶ip}�HRipL$|MPd|�J7JML PdsOH�g LOjïJ�ghP�grsO|/gz{¨sOi¶nhP3nr|�oxqru�J�grP�nrq��hPRQ�ip}bo¶qhu�	 �+Â .Þ| �!40� � �3mrQ�oxl opJ�op{OPO¼
»EP HRsOixi<PdsOH�g |MPdipPdHKJMP�� qrL �hP�s ��Pdq��hP��R{OL$nr| � L$oxq'J � � � 	*j�LOQYJ�grox|IHKL$q'JMPdq J�qrsOl�PO�ÃsOq�� JMLOuOPRJ�ghPRQ
J�ghPd|MP3qrL �hPd| � 
 LOjïJ�ghPdl sO|�|/nrl oxqhu�qhL�grsO|�gzHKL$i¶ixox|�opL$q 	�j�LOQ/l�J�ghP � � |MPRJtj�LOQ�J�grox|&HKL$q'JMPdq J+qrsOl�PO¼
¹<opu$nhQ�P�Sb¼ � ox|�sOq oxi¶ixnr|MJMQ/sUJ�ox{OP*P��hsOl�m�ipP3|/ghL��7o¶qhu�J�ghPYQ�PRu$ox|�JMQ/sUJ�opL$qzLOj<J���L�HKL$q'JMPdq'J*qrsOl�Pd|d¼
Â�grP+m#|MPdn��hL�HKL �hPIj LOQ�J�grP+Q/PRu$ox|MJMQ/sUJ�opL$qzsOixuOLOQ/opJ�grl ox|&ixo¶|MJMP��²oxq²¹ïoxu$nhQ�P3Sb¼ *'¼!ÀÁJ ��Q/|MJtsUmrm�i¶opPd|��

JML�PdsOH/g �  �¢m�sOopQ�� �Ão¶qhP � 	��rsOq���J�grP+Q/Pd|�nripJ�LOjÃJ�ghPYgrsO|/g6o¶|1nr|�P��6sO|&J�grP�
$�K©IsUQ�u$nrl�Pdq'J&JML HRsOixi	J�ghP
	 �*Â j�nrqrHKJ�oxL$q
�����­¼ �Ão¶qhP*V�N�n�oxi �r|1s � º ¿IÀMfaÂ � � ÂtÀ�G#� l�Pd|/|�sUuOP3J�grsUJ�HKL$q'J�sOoxqr|&J�ghPYHKL$l�m#ipPRJMP
HKL$q'JMPdq J²qrsOl�PO¼ Â�ghP l Pd|�|�sUuOPwo¶| J�ghPdq |�nhmrm�i¶opP��(JML������ sO| J�ghP |MPdHKL$q�� sUQ/u$nrl�Pdq'J � �ÃoxqrP � 	�¼
fanhN#|MP � nrPdq J�ip}O� J�ghP 	 �+Â ixs°}OPRQ �*oxixi �hPdixox{OPRQ!J�ghP+l�Pd|�|�sUuOP*JML�J�ghP+qhL �hP �7ghL$|�P�À 	 ox|!HRipL$|�Pd|MJ!JML�� �Á¼
¹hLOQ+HRixsUQ/opJã}O�
�1P�Q�PRj PRQ7JML J�grox|tqhL �hP3sO|*qhL �rP � �Á¼
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¹<opu$nhQ�P3Sb¼ * ��Â�ghP3sOipuOLOQ/oxJ�grl�j LOQ*Q�PRu$ox|MJMPRQ�oxqhu�s HKL$q'JMPdq J+qrsOl�PO¼
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N3

N1 N2

N5
N6

RP1

CN2:{a1v1, a2v2, a5v5, a6v6}CN1:{a1v1, a2v2, a3v3, a4v4}

Q:{a1v1, a6v6}

RP2

X

¹<opu$nhQ�P3Sb¼ � � º �asOl m�ipPYQ�PRu$ox|�JMQ/sUJ�opL$q sOq�� � nhPRQ�}6mrQ�LaHKPd|�|�o¶qhu-�7opJ�g � � |MPRJR¼

¹hLOQ+s��hPRm,Pdq��hPdq'J�sUJMJMQ/opN#nhJMPO�hJ�ghP�grsO|/gzj�n�qrHKJ�opL$qzox|tsUmrm#ixopP��²JML N,LOJ�g²J�ghP �rPRm	Pdq��hPdq J �  �¢m�sOopQ
sOq�� sOi¶i8LOj�opJ�|�m�sUQ/Pdq J �  �¢m�sOopQ/|tJMLOuOPRJ�grPRQd¼&ÀÁqzJ�grP�P��hsOl�m�ipP3oxq ¹ïoxu$nhQ�P�Sb¼ Sb�,sUJMJMQ/opN�nhJMP	
 �*grsO|7J���L
�hPRm,Pdq��hPdq'J!sUJMJMQ/oxN�nhJMPd| 
 ���1sOq�� 
 � �U� �7groxH�g J�sU¸OP+L$q {UsOixnhPd| � ����sOq�� � � ��Q/Pd|Mm,PdHKJ�op{OPdip}O¼�Â ��L�qhL �hPd|
sUQ�P �rPRJMPRQ/l oxqhP�� �*opJ�g²J�ghPYj�L$ixipL��*oxqhu�HKL$l�m�nhJ�sUJ�oxL$q��
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�
y*m,L$q3Q�PdHKPdop{aoxqhu*s7Q�PRu$o¶|MJMQ/sUJ�opL$q8�¨J�ghP&qhL �hP!|MJMLOQ�Pd|­J�ghP&HKL$q JMPdq'J<qrsOl�P&oxq3s+ipLbHRsOi��#�U���*�$�O�¢� �/�¨�R�R¼

Â�ghP6qhL �hP�J�ghPdq(|MPdq���|�s HKL$q)��Q/l sUJ�oxL$q l�Pd|/|�sUuOP�N#sOH�¸ JML J�ghP�Q�PRu$ox|MJMPRQ/o¶qhuwqhL �hPO¼ ¹rQ�L$l sOq � �
qhL �hP .Þ|tm,L$oxq'J&LOj­{aopP"�3�ropJtN,PdHKL$l�Pd|*s�|Mm,PdHRoxsOixo �RP��zqrL �hPIj�LOQ�J�ghP �  �¢m�sOopQ/|&J�grsUJ*sUQ�P�l sUmrm,P��²L$q'JML
opJR¼�¹hLOQ*P��asOl m�ipPO� � ��HKL$q J�sOoxq�|7sOixi,J�ghP�qrsOl�Pd|�oxq²J�grP�|M}a|MJMPdl J�grsUJ7HKL$q'J�sOoxq ��
 � � ���$¼
�*L �rPd|�l sOo¶q J�sOoxq(HKL$q'JMPdq J�qrsOl�Pd|�oxq sw|MLOj�J�|�J�sUJMP6j�sO|�groxL$q8¼ � q P��am�opQ/sUJ�opL$q J�oxl�PRQ�ox|�|�PRJ�j�LOQ

PdsOH/g�Q�PRu$ox|MJMPRQ/P�� HKL$q JMPdq'J!qrsOl P �hPRm,Pdq��roxqhu*L$q�J�ghPtJã}'m,PtLOj,sUmrm�ixoxHRsUJ�oxL$q8¼­¹hLOQ1P��asOl m�ipPO�$j�LOQ�l�L$|MJ�ip}
|MJ�sUJ�oxH�HKL$q'JMPdq J�|�|�nrH�gEsO| �#ipP �hPd|�HKQ/opm�J�opL$qr|R�#J�ghP�m,PRQ/opL � l s°}wN,P�L$qwJ�grP�LOQ �hPRQILOj1ghL$nrQ/|+LOQ ��sd}a|R�
N�nhJ6j�LOQ �r}bqrsOl�oxHw|�PRQ�{bo¶HKP �hPd|/HKQ/opmrJ�opL$q�|R�7s HKL$q JMPdq'J qrsOl�PEl s°} P��am�opQ�P oxq l oxqbnhJMPd|R¼-» ghPdq s
HKL$q'JMPdq J�q�sOl�P�P��bm#opQ�Pd|R�,J�ghP qhL �hP-�7oxi¶iÃQ�Pdl L°{OP opJIj�Q�L$l J�ghP qrsOl�P �rsUJ�sUN#sO|MPO¼ � |3|/nrH/g8�
HKL$q'JMPdq'J
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mrQ�LÇ{bo �hPRQ/|+l�nr|�J+m,PRQ/oxL �ro¶HRsOixip}6Q�PRj Q/Pd|�g J�ghP�qrsOl�Pd|+J�ghPR}wg�sd{OP�Q�PRu$ox|�JMPRQ�P�� N,PRj LOQ�PO¼3Â7ghP�Q�PRj Q/Pd|�groxqhu
l�PdH�grsOqrox|�l�m�Q�L°{ao �hPd|�mrQ�LOJMPdHKJ�oxL$q sUu$sOoxqr|MJtHKPRQ�J�sOo¶qzJ~}bm,Pd|&LOjÃj�sOoxixnhQ�Pd|d¼<¹rLOQ�P��asOl m�ipPO� �7ghPdq²sOq � �
qhL �hP�ixPdsd{OPd|�LOQ�HKQ/sO|�ghPd|R��J�grP�Q�PRj�Q�Pd|�g(l�Pd|�|�sUuOPd| �7o¶ixi�N,P��hPdi¶op{OPRQ�P�� JML s ixop{OP�qrL �hP �7ghL$|MP�À 	 ox|
qhL��.HRipL$|�Pd|MJ�JML J�ghP�g�sO|�ghP�� {UsOixnhPO¼ ¹rLOQ�P��hsOl�m�ixPO�ïoxq ¹<opu$nhQ�P�Sb¼ � ��|/nhmrm,L$|MP � ��ipPds°{OPd| �¨HKQ/sO|�ghPd|d�
qhL�� o¶q�J�grP 	 �+ÂY�hqhL �rP!���� �*ghL�o¶|1HRipL$|�Pd|MJ&JML�� � �7oxixirQ�PdHKPdop{OPYJ�ghP+Q�PRj�Q�Pd|�g6LOj �
� � sOq�� � � � ¼�ÀÁJ
ox|+��LOQ�J�g m,L$oxq'J�oxqhu�L$nhJ�J�g�sUJ �7ghPdqzs q�sOl�P3HKL$q J�sOo¶qr| �h}aqrsOl o¶H+sUJMJMQ�opN�nhJMPd|R�hJ�grP3Q�PRj�Q�Pd|�gzl�Pd|�|/sUuOPd|
�7oxi¶i#Jã}'m#oxHRsOixip}�Q�PRu$ox|MJMPRQ�J�grP�qrsOl�P3sUJ7s �ro��,PRQ�Pdq J�|�PRJ�LOj � � | �*ghPdq sUJMJMQ/opN#nhJMPY{¨sOi¶nhPd|tH/grsOqruOPO¼
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� mrm�ixoxHRsUJ�oxL$qr|�l sd} |�PdsUQ/H/g j LOQ6HKL$q JMPdq'J�|²Nb} o¶|�|�nroxqru � nhPRQ/oxPd|R¼ Â7ghPwk 	3f[ixs°}OPRQ�L$q s � nhPRQ�}aoxqhu
qhL �hP�l�nr|�J �hPRJMPRQ�l oxqhP�J�ghP�|MPRJILOj � � |+J�grsUJ3l s°}wHKL$q'J�sOoxqEl sUJ�H/g�oxqhu²HKL$q JMPdq'J�qrsOl�Pd|d¼�faoxqrHKP�sOixi
HKL$q'JMPdq J3qrsOl Pd|*J�g�sUJ+HKL$q'J�sOoxq J�ghP�m�sOopQ ��

������� sUQ�P�|MJMLOQ�P�� oxqwJ�ghP�qhL �hP�� � ��� � ��
 � ����	 	��8s � nhPRQ/}� � ��
 � � � � 
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 � ��� �IHRsOq�N,P�|MPdq'J!JML�sOq }�L$qrP7LOj,J�ghP � qhL �rPd|R��� � �

�����
� � ����¹<opu$nhQ�PISb¼ � 	�¼�Àãj

J�ghP � nhPRQ/}+HKL$q'J�sOoxqr| �hPRm,Pdq��hPdq'J
sUJMJMQ/opN�nrJMPd|R�¨|/oxl oxixsUQ8JML*J�ghP�Q�PRu$o¶|MJMQ/sUJ�opL$q�l�PdH/grsOq�ox|�lz�¨J�ghP � nhPRQ�}aoxqhu
qhL �hP �rPRJMPRQ/l oxqhPd|7J�ghP�qrL �hP�HKLOQ�Q�Pd|Mm,L$q���oxqhu�JML6J�ghP��rPRm	Pdq��hPdq J*sUJMJMQ/opN�nhJMP�N'}wsUmrm�ip}aoxqhu � JML6J�ghP
�hPRm,Pdq��hPdq'J �  �¢m�sOopQ*sOq�� sOixi,LOj�opJ�|&m�sUQ/Pdq J �  �¢m�sOopQ/|R¼
¿Iox{OPdq�J�ghPd|MP � HRsOq���o �rsUJMP�qhL �hPd|R�OJ�ghP � nhPRQ�}aoxqhuYqhL �hPtl s°}�m�o¶H�¸�L$qhPtQ/sOq��hL$l�ip}�sOq�� |�Pdq���L$qhP

� nhPRQ�}²l�Pd|�|�sUuOP3JML�J�grsUJ7qhL �hPO¼�ÀÁJ7l sd}zsOix|�L H/ghLbL$|MP�s�qrL �hPYJ�g�sUJ7grsO|tN,PRJMJMPRQ7m,PRQ�j�LOQ/l sOq�HKP+N#sO|MP��
L$q m�Q�PR{boxL$nr|3P��am,PRQ/opPdqrHKPO¼6ÀÁq J�ghP�P��hsOl�m�ixP�|�ghL��7q oxq ¹ïoxu$nhQ�P�Sb¼ � ��JMLwQ�Pd|ML$ip{OP � � ��
 � � � � 
������'�$�
PdopJ�ghPRQ � � LOQ � � l�sd}�N,P+nr|MP��8¼�ÀÁj
J�ghP � nrPRQ�}bo¶qhu�qhL �hPIgrs��6mrQ�PR{aopL$nr|1P��bm,PRQ/oxPdqrHKP7J�grsUJ � � u$s°{OP�s
|�ghLOQ/JMPRQ�Q�Pd|Mm,L$qr|MPYJ�o¶l�PO�hPO¼öuh¼p� �rnrPYJML�s |�l sOi¶ipPRQ�qrsOl�P ��sUJ�sUN�sO|MP3LOQ7HRixL$|MPRQ*qhPRJ%�1LOQ/¸6m�Q�L �hoxl opJã}O�ropJ
�7oxi¶i
|MPdq��wJ�ghP � nrPRQ�}zJML ����Q/sUJ�ghPRQIJ�grsOq ���R¼IÀ£q J�ghP�qhP��aJ+H�grsUmrJMPRQd�0�*ghPdq ��P�oxq JMQ/L �rn�HKP�s6ipL$s��
N�sOixsOq�HRoxqhu²l�PdH/grsOq�ox|�l JML grsOq��ripP�|M¸OP"�1P�� ipL$s��r|R�8J�grP oxl�m,LOQ�J�sOqrHKP�LOj&HRsUQ�PRj�n�ixip}w|�PdipPdHKJ�oxqhu �7gro¶H/g
�  �¢m�sOoxQ�JML�nr|MPYJML�Q�Pd|ML$ip{OP�s � nhPRQ�}��7oxi¶i#N,PdHKL$l�P�HRipPdsUQ�PRQd¼
GIq�HKP1sOq�� � qhL �hP�Q�PdHKPdop{OPd|<s � nhPRQ/}O�UoxJ­|�oxl m�ip}7P��hsOl oxqrPd|­opJ�|­qrsOl�P �rsUJ�sUN�sO|MPO�OsOq����hPRJMPRQ/l�oxqhPd|

J�ghP3|MPRJtLOjïqrsOl�Pd|tJ�g�sUJ�l sUJ�H/gzJ�grP � nhPRQ/}�Nb}�HKL$l�m�sUQ�oxqhu�PdsOH/gwqrsOl�P .Þ| �  �¢m�sOoxQ�ixox|MJ �7opJ�g²J�grsUJtLOj
J�ghP � nhPRQ/},.Þ|R¼tÀ£q ¹<opu$nrQ�P�Sb¼ � �,|�nhmrm,L$|MP����3o¶|7H/grL$|MPdq JML�Q�PdHKPdop{OP�J�ghP � nhPRQ/}O¼ ��� �7oxixi,Q�PRJ�nrQ/q �
���
JML J�ghP � nhPRQ/}boxqru�qrL �hPYsO|*opJ�l sUJ�H/grPd|�N,LOJ�g 
 � � ��sOq�� 
������¨¼
fao¶qrHKPts3qhL �hPtHRsOq Q�Pd|ML$ix{OP � nhPRQ�opPd|�ipLaHRsOixip}O�$qhL3HKL$l�l�nrq�oxHRsUJ�opL$q�N,PRJ���PRPdq � � qhL �hPd|�ox|�qrPRP��hP��8¼

� qwsOipJMPRQ�qrsUJ�op{OP�JML6grs°{bo¶qhu � nhPRQ/opPd|*j�nrixip}6Q�Pd|ML$ip{OP�� sUJIL$qhP � � qhL �hP�ox|*JML6g�sd{OP�s�HRi¶opPdq J+|MPdq�� opJ�|
� nhPRQ�}3JML3l�nripJ�opm#ipP1qhL �hPd|R�UPdsOH�g LOj��*groxH/g�Q�Pd|ML$ix{OPd|�J�ghP � nrPRQ�}3m�sUQ�J�o¶sOixip}3sOq���Q�PRJ�nhQ�qr|<sOq }�l sUJ�H/grPd|R¼
Â�ghP�HRixopPdq'JIJ�ghPdq m,PRQ�j LOQ�l |Is � �ML$oxq �6LOm,PRQ/sUJ�opL$q JML��hPRJMPRQ�l oxqhP�J�ghP �#qrsOi<|MPRJILOj1l�sUJ�H/ghP�� q�sOl�Pd|R¼
» groxipPYJ�gro¶|7sUmrmrQ/L$sOH/gwQ�P��rnrHKPd|7J�ghP�HKL$l�m#nhJ�sUJ�opL$qrsOi­ipL$s�� L$q Q�Pd|ML$ip{OPRQIqhL �hPd|R��oxJ7s����r|7m	LOJMPdq'J�oxsOixix}
|�opu$q�o��#HRsOq'J�HKL$l l�nrqro¶HRsUJ�opL$q(L°{OPRQ/ghPds�� �rnhP²JML J�ghP²P��aH�grsOqhuOP LOj+ixsUQ�uOPz|MPRJ�|�LOj7m#sUQ�J�oxsOi&l sUJ�H/grPd|
sOHKQ�L$|�|²J�grP qhPRJ%�1LOQ/¸#¼C¿Iox{OPdq J�g�sUJ6P��hsOHKJ l sUJ�H�groxqhu(j LOQ �  �¢m#sOopQ/|6ox|²s Q�Pdi¶sUJ�op{OPdip} ixoxu$g J%�1Pdopu$g'J
LOm,PRQ/sUJ�opL$q8�roxJ�ox|tl�LOQ�P3P��6HRopPdq J7JML �hL�J�ghP�HKL$l m�ipPRJMP�l sUJ�H�groxqhu�L$q J�ghP�|MPdipPdHKJMP�� � � qhL �rPO¼
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»EP�|/nrl l sUQ/o �RP+J�grPYN�sO|�oxH � � �¢N�sO|MP�� |M}b|�JMPdl'.Þ|�mrQ/LOm	PRQ/J�opPd|tghPRQ�PO¼
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��'¯ ¬ � ���	� Â�ghP � � �¢N#sO|MP��6k 	3f �rPd|�opu$q�o¶|�P���HRopPdq'J!j�LOQ!N,LOJ�g
Q/PRu$ox|MJMQ/sUJ�opL$q�|�sOq�� � nhPRQ/opPd|d¼ �+sO|�gro¶qhuIPdsOH/g �  �¢m�sOopQ!o¶q��rop{ao �rnrsOi¶ip}Ij LOQ�Q/PRu$ox|MJMQ/sUJ�opL$q }bopPdi �r|�sOq
� � |MPRJ�LOj�|�o �RP 
(j�LOQ�s q�sOl�P�J�grsUJ3grsO| 
 �  �¢m�sOopQ/|R�ÃJ�g'nr|IQ/P � nroxQ/oxqhu � � 
 	+l�Pd|/|�sUuOPd|3m,PRQ
Q/PRu$ox|MJMQ/sUJ�opL$q
¼wÀ£q Q/PdsOi � �1LOQ�i � sUm�m�ixoxHRsUJ�opL$q�|R� 
 ox|�J~}bm�oxHRsOixip} s |�l sOi¶i!qbnrl�N,PRQ'��PO¼öuh¼p� � � T*	��
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sOq���Q�PRu$o¶|MJMQ/sUJ�opL$qr|&HRsOq6N,P �hL$qrP7P���HRopPdq'J�ip}O¼�Â�grP+|M}a|MJMPdl�ox|1sOix|ML�P���HRopPdq'J�j�LOQ � nhPRQ�opPd|R�a|�oxqrHKP
Jã}'m#oxHRsOixip}�L$qrip}6L$qhP�qhL �hPYox|�qhPRP��rP��zJML Q�Pd|ML$ix{OP�sOq } � nhPRQ�}O¼
��Pdoxqru�P���HRopPdq'J�j�LOQtPdq��hm,L$oxq'J�|&sOix|ML�oxl�m#ixopPd|1J�grsUJtJ�ghPY|M}a|MJMPdl ox|&|�HRsOixsUN#ipP#�7opJ�g6J�ghPYq'n�l�N,PRQ
LOj	Q�PRu$ox|�JMQ/sUJ�opL$qr|<sOq�� � nhPRQ/opPd|d�U|/oxqrHKP&L$qrip}�sY|/l sOixiaq'n�l�N,PRQ<LOj#l�Pd|/|�sUuOPd|�ox|�qhPRP��rP���JML3g�sOq��ripP
PdsOH�g Q/PRu$ox|MJMQ/sUJ�opL$q sOq�� � nrPRQ�}O¼

� �8¬ �����U« � � ¯ � ¯ µ � � Â�ghP �hPd|�opu$qzPdq�|�nhQ�Pd|�HKL$q'JMPdq'J+|MPdsUQ�H/grsUN�o¶ixopJ~}O¼ � q'} � nrPRQ�}6HRsOq/�#q�� sOi¶i8J�ghP
HKL$q'JMPdq'J&q�sOl�Pd|!J�g�sUJ!j�nrixip}�HKL$q J�sOoxq6J�ghP � nrPRQ�}O¼�¹hLOQ1P��hsOl�m�ixPO�'J�ghP � nrPRQ�} � �%��
 � � �)�$� �7gro¶H/g
g�sO|�L$qrip}6L$qhP �  �¢m�sOopQd��HRsOq �rox|�HKLÇ{OPRQ*sOixiÃHKL$q JMPdq'J+q�sOl�Pd|�J�grsUJ*HKL$q J�sOoxq ��
 � � � ��Nb}²{bo¶|�opJ�oxqhu
qrL �hP
� �R¼
� q²sOipJMPRQ/qrsUJ�ox{OPIsUm�mrQ�L$sOH/g6J�grsUJ+��L$nri �6sOix|ML�Pdqr|�nhQ/P7J�grsUJts�HKL$q JMPdq'J�qrsOl�PIHRsOq²N,P7j�L$nrq���N'}
sOq'} � nhPRQ�}zJ�g�sUJ+ox|*J�ghP�|�nhN�|�PRJ*LOj�J�grP�HKL$q'JMPdq J3q�sOl�P�o¶|7JML6Q�PRu$ox|MJMPRQIJ�ghP�qrsOl�P �7opJ�g qhL �hPd|
HKLOQ/Q�Pd|Mm,L$q��roxqru�JML�PdsOH/gwLOjïopJ�|*S � � � |�nhN�|MPRJ�|d¼!Â�grox|&sUmrm�Q�L$sOH/gwox|�HRipPdsUQ/ix}6oxqrP���HRopPdq'JR�r|�oxqrHKP
J�grP�q'n�l�N,PRQtLOjïQ�PRu$ox|MJMQ/sUJ�oxL$q l�Pd|�|�sUuOPd|+qhPRP��hP�� ox|&P��bm,L$qhPdq'J�oxsOi,JML�
�¼

� ± ��� � ¬ µ ��³ � � ® �*� � � � ¯ � ¯ µ � � � � �¨³ � �­®Rµ � ¬'®d® � faoxqrHKP�J�ghP�k 	3fwnr|MPd|Ys 	 �+Â>JMLzN�nroxi �
sOq��El sOqrsUuOP�J�ghP�k 	3fwLÇ{OPRQ/ixsd}EqhPRJ%�1LOQ/¸#�ÃsOq�� Q�L$nhJMP l�Pd|�|/sUuOPd| �7opJ�gro¶q J�gro¶|+qrPRJ���LOQ�¸#�­J�ghP
|�}b|MJMPdl oxqrghPRQ/oxJ�|
J�ghPtuOLbL ��|/HRsOixsUN�oxixoxJ~}3sOq���Q�LON#nr|MJ�qhPd|�|­L��,PRQ�P���Nb}�J�ghP 	 �*Â3¼$v L$|MJ�qrLOJ�sUN�ip}O�
J�grP�sOl�L$nrq'J�LOj#Q�L$nrJ�oxqhuI|MJ�sUJMP7l sOoxq'J�sOoxqhP���L$q�PdsOH�g qhL �hPtox|�|�l sOi¶i��OsOq���J�ghP�qbnrl�N,PRQ<LOj,ghLOm�|
N,PRJ%�1PRPdqwsOq }²J���L�qrL �hPd|to¶|�sOix|ML |�l�sOixi�¼
Â7ghP6n�|MP²LOj*s 	 �*Â�sO|�J�ghPz|�nhN#|MJMQ/sUJMPzsOix|ML |�oxl�m#ixo���Pd|YJ�grP � � �rox|/HKL°{OPRQ�}(|MJMPRm
� �7g�oxH/g(ox|
Jã}'m#oxHRsOixip}�Q�P � nropQ�P���j�LOQ!Pdq��rm	L$o¶q J�|<JML�ipLbHRsUJMP*J�ghP � � m,L$oxq'J�|�oxq |�o¶l oxixsUQ�|M}a|MJMPdl |R¼�¹hLOQ�P��hsOl �
m#ipPO�hJ�ghP3À � l�nripJ�oxHRsO|�JtmrQ�LOJMLaHKL$i � À£v��Áfhv �öSUT �­nr|MPd|tN,LbLOJ�|MJMQ/sUm HKL$q ��u$nhQ/sUJ�opL$qzl PdH/grsOqro¶|�lz¼
fhoxqrHKP3N,LOJ�g Q/PRu$ox|MJMQ/sUJ�opL$q�|*sOq�� � nrPRQ/opPd|7|�PdipPdHKJ7mrQ/LOm	PRQ � � qhL �hPd|�N�sO|�P�� L$qwJ�ghPdopQ*L��7q �  �
m#sOopQ/|R�	J�ghPRQ�P�ox|IqhL²qhPRP�� JMLzPd|MJ�sUN�ixo¶|�g s²|MPRm�sUQ�sUJMP��rox|�HKLÇ{OPRQ�}wl�PdH�grsOqrox|/l�j�LOQYJ�ghPdl JML��#q��
J�grP�sUmrmrQ�LOm�Q/oxsUJMP � � |R¼
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» groxipP�J�ghP k 	3f .Þ| � � �¢N#sO|MP�� Q�PRu$ox|MJMQ�sUJ�opL$q sOq�� � nhPRQ/} �hPd|�opu$q(ox|�|�HRsOixsUN#ipP6sOq�� Pdq�sUN�ipPd|�|MPdsUQ/H�g8�
��P�LON�|MPRQ/{OP�J�grsUJ�J�ghP�|�}b|MJMPdl �7oxi¶i<m	PRQ/j LOQ/l:m,L'LOQ/ix} nrq��hPRQ�|M¸OP"��P�� ipL$s��8�<sOq�� J�grsUJ�opJ �rL'Pd|�qhLOJ
|�nhm�m	LOQ/J&HKL$l m�ipP�� � nhPRQ�opPd|&P���HRopPdq'J�ip}O¼
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 FÃD �
À£q J�ghP�N�sO|/oxH � � �¢N�sO|MP�� �hPd|/opu$q8�	PdsOH/g �  �¢m#sOopQ+o¶|+n�|MP��wsO|+J�ghP�sUQ�u$n�l�Pdq J+Nb} J�ghP�grsO|�gwj�n�qrHKJ�opL$q
sOq�� ox|+l sUmrm,P�� L$q'JML6s6qhL �hPO¼ �+sO|�gro¶qhu�sUJMJMQ/oxN�nhJMP�sOq�� {UsOixnhP�JMLOuOPRJ�ghPRQYJML �rPRJMPRQ/l oxqhP�J�ghP�|MPRJ*LOj
� � qhL �rPd|­m�Q�L°{ao �hPd|<sIqrsUJ�nhQ/sOi �&sd}�LOj#|Mm�Q�Pds��roxqhu*Q�PRu$ox|MJMQ�sUJ�opL$qr|<sOq�� � nhPRQ/opPd|­JML3l�LOQ�PtqhL �hPd|<oxq�J�ghP
|M}a|MJMPdlz¼1fao¶qrHKPIPdsOH/g qhL �hPIoxq6J�ghP 	 �*Â o¶|1Q/Pd|Mm,L$qr|�opN�ixP�j LOQ�sOq²P � nrsOi �~|/o �RP��²|MPRu$l�Pdq'JR�rJ�ghPYq'n�l�N,PRQ
LOj �  �¢m�sOopQ/|&PdsOH�g qhL �hPIQ�PdHKPdop{OPd|�ox|�j�sOopQ/ip}�nrqropj�LOQ/lz¼ �7L��1PR{OPRQ°��J�ghPIQ�PRu$ox|�JMQ/sUJ�opL$qzsOq�� � nhPRQ�}�ixL$s��r|
LON�|MPRQ/{OP�� N'}wJ�ghP�qhL �rPd|YsUQ�P �hPRJMPRQ/l oxqrP��wNb} J�grP �  �¢m�sOopQ �rox|�JMQ/opN�nhJ�oxL$qr|�oxq HKL$q'JMPdq J�q�sOl�Pd|YsOq��
� nhPRQ/opPd|R�,o�¼öPO¼p�8ghL��½l sOq'} HKL$q'JMPdq J3q�sOl�Pd|+LOQ � nhPRQ/oxPd|7HKL$q'J�sOoxq J�grox| �  �¢m�sOopQYsOq�� ghL��>j�Q�P � nhPdq J�ix}
J�ghPR} sUQ�Q/op{OP�sUJYJ�grox|+qhL �hPO¼�Â�grP�N#sO|�oxH��hPd|�opu$q m,PRQ�j�LOQ/l |��1Pdixi �7grPdqwJ�grP ��ox|MJMQ/opN#nhJ�opL$qr|*sUQ�P�PR{OPdq8�
oxq �7g�oxH/gzHRsO|MP�qhL �hPd|toxq²J�ghP�|�}b|MJMPdl LON�|MPRQ�{OP�|/oxl oxixsUQtipL$s��
¼
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¹<opu$nhQ/P�Sb¼�� � � LOm�nrixsUQ�opJ~} �rox|MJMQ�opN�nhJ�opL$q�LOj<j PdsUJ�nhQ/P�sUJMJMQ/opN�nrJMPd|R¼

À£q Q/PdsOi � �1LOQ�i � sUmrm#ixoxHRsUJ�opL$qr|d�hJ�ghP���ox|MJMQ/opN#nhJ�opL$q6LOj �  �¢m�sOopQ�|*oxq Q�PRu$ox|MJMQ�sUJ�opL$qr|7sOq�� � nhPRQ/opPd|+sUQ�P
ixop¸OPdix}3JML3N,Pt|M¸OP"�1P���sO|�|ML$l�P �  �¢m�sOopQ/|�sUQ/P�HKL$l l�L$q�LOQ!|/opu$qro��#HRsOq'J�ip}�l LOQ�Ptm,LOm�nrixsUQ<J�grsOq�LOJ�grPRQ/|R¼
� |�s |Mm,PdHRo��#H�P��hsOl�m�ixPO� �*groxipP�PR{UsOixnrsUJ�oxqru J�ghP²l�n�|�oxH oxqrj LOQ/l�sUJ�opL$q Q�PRJMQ�opPR{¨sOi�|M}a|MJMPdl mrQ�Pd|MPdq'JMP��
oxq fbPdHKJ�opL$q Sb¼ � � �1P sOqrsOix} �RP��Esz|MPRJILOj � �ÞTOTOT l�m � sOn���opL �	ipPd|+Q�PRmrQ�Pd|MPdq'J�oxqhu²s²{UsUQ/opPRJ~}wLOj1uOPdqrQ�Pd|
sOq�� |MJ~}aipPd|R¼*¹hLOQIPdsOH/g �#ipPO�,�1P�P��aJMQ/sOHKJMP�� � T�j�PdsUJ�nhQ�P�sUJMJMQ/opN�nrJMPd|7J�grsUJIH/g�sUQ/sOHKJMPRQ/o �RPd|IJ�ghP�l�n�|�oxHRsOi
HKL$q'JMPdq JILOj�J�ghP �#ipPO¼+¹<opu$nhQ�P�Sb¼���o¶|7s6ipLOu
�~ipLOu6m�ipLOJ+LOj�J�ghP�j�PdsUJ�nhQ�P �  �¢m�sOoxQ �ro¶|MJMQ/opN�nrJ�opL$qzoxq J�grPd|MP
�#ipPd|d¼ Â�ghPRQ�P6sUQ�P6Sb� � * � �ro¶|MJ�oxqrHKJ �  �¢m#sOopQ/|R�<sOq�� J�ghP��ro¶|MJMQ/opN�nrJ�opL$qEox|�g�opu$grip} |M¸OP"��P�����J�ghP²l�L$|MJ
HKL$l l�L$q �  �¢m#sOopQ-��Q�sOqh¸OP�� � 	�sUmrm,PdsUQ/|+oxq �O��� LOj�J�ghP �	ipPd|*sOq�� V ���  �¢m�sOoxQ/|�L$qrix} sUmrm,PdsUQ+oxq �
�#ipPO¼
Â�grP!|M¸OP"��P�����ox|MJMQ/opN#nhJ�opL$qIsOix|ML�LaHRHRnhQ/|ïoxq3l�sOq }YLOJ�ghPRQ<sUmrm�i¶oxHRsUJ�opL$qr|R¼­¹hLOQ�oxqr|MJ�sOqrHKPO�UopJÃg�sO|ÃN,PRPdq

LON�|MPRQ/{OP���J�grsUJ1J�ghP�m,LOm�nri¶sUQ/opJ~}�LOj8¸OPR} ��LOQ �6|MPdsUQ/H�g�|MJMQ�oxqhu$|�oxq N	LOJ�g�JMQ/s��ropJ�oxL$qrsOi ��PRN�|MPdsUQ/H�ghPd| � � � �
sOq�� ¿IqbnhJMPdixixs m	PRPRQ �¢JML
�¢m	PRPRQzqhPRJ%�1LOQ/¸b| � � � �Ij�L$ixipL��*|�s[¾,opmrj �~ixop¸OP���ox|MJMQ/opN#nhJ�opL$q8� �7groxH�g ox|6gropu$g�ip}
|M¸OP"��P��8¼'�7LOJMP6J�grsUJ�¸OPR} ��LOQ � �¢N�sO|�P�� |MPdsUQ�H/g(ox|3s |�m	PdHRo¶sOi�HRsO|MP�LOj �  �¢m�sOopQ3N�sO|�P�� |MPdsUQ/H�g
�*ghPRQ�P
sUJMJMQ/opN#nhJMPYqrsOl�Pd|tsUQ�PYL$l oxJMJMP��8¼�Â�ghPY|M¸OP"��P����rox|�JMQ/opN�nhJ�oxL$q�oxl�m#ixopPd|�J�g�sUJ�|ML$l�P3qhL �hPd|&oxq6J�ghP�k 	3f
|M}a|MJMPdl l sd}EN,P LÇ{OPRQ/ipL$s��hP��&�7gro¶ipP�LOJ�ghPRQ/|�sUQ�P�nrq��hPRQ/nhJ�oxi¶o �RP��8¼�vwLOQ�P²|Mm,PdHRo��#HRsOixip}O�­HKL$qr|�o �hPRQ�J�ghP
HRsO|MP �*ghPRQ�PYJ�ghP�qbnrl�N,PRQtLOjïqrsOl Pd|�J�grsUJ7HKL$q'J�sOoxq ��
 � � � �$� ���������M�rj�L$ixipL��*|ts�¾,opmrj �rox|MJMQ/oxN�nhJ�opL$q��
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���$� �*ghPRQ�P ���*o¶|!J�ghP+q'n�l�N,PRQ!LOj �ro��,PRQ�Pdq J �  �¢m�sOopQ�|!oxq�J�ghP+|�}b|MJMPdl ¼�� sOq���� sUQ�P+J���L

m�sUQ/sOl PRJMPRQ/|R� �7grPRQ�P�� ox|�HRipL$|�P�JML � ¼ � ��ox|<J�ghP&JMLOJ�sOirqbnrl�N,PRQïLOj	qrsOl�Pd|�o¶q�J�grP&|�}b|MJMPdl-sOq�� 
 ox|<J�ghP
Q/sOqh¸ LOj �  �¢m�sOoxQ ��
 ������� oxq JMPRQ/l |+LOj�opJ�|+j Q�P � nhPdqrHK} LOj!LaHRHRnhQ�Q/oxqru6oxq qrsOl�Pd| � 
 � � HKLOQ�Q/Pd|Mm,L$q��r|
JML J�grP �  �¢m�sOopQ�J�grsUJ�o¶|3HKL$q J�sOo¶qhP�� o¶qEJ�ghP�l�L$|�J�qbnrl�N,PRQ3LOjtqrsOl Pd|R¼ � |�sOq P��hsOl�m�ipPO�ï|�nhmrm,L$|MP
sOq[sUmrm�i¶oxHRsUJ�opL$q grsO| � � � � T��²qrsOl Pd|R�1sOq���� � T

�
� � � � � ¼ �*sOixj7LOj7J�grP � T��zqrsOl�Pd|-��L$nri �

HKL$q'J�sOoxq J�ghP�l�L$|MJtm,LOm�nrixsUQ �  �¢m�sOopQd� �7g�oxH/g ��L$nri �²N,P3|MPdq'J�JML L$qhP�qhL �rPO¼�ÀÁq²J�grP�l�PdsOq'J�oxl�PO�rj�LOQ
qhL �hPd|*J�grsUJYHKLOQ�Q�Pd|Mm,L$q�� JML �  �¢m�sOopQ/|*Q/sOqh¸OP�� j�Q�L$l � T���JML � T��O�,PdsOH/g ��L$nri � Q/PdHKPdop{OP�j P"��PRQIJ�grsOq
� T�q�sOl�Pd|R¼&ktipPdsUQ/ip}O�rs�j�P"� qrL �hPd| �1L$nri �zN,P3oxq'n�q��rsUJMP��²Nb}6Q/PRu$ox|MJMQ/sUJ�opL$q�|R�
�7gro¶ipPIJ�ghP�l s �MLOQ/opJã}6LOj
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J�ghP�qrL �hPd|to¶q²J�ghP�|M}a|MJMPdl ��L$nri �²N,PYQ/sUQ�Pdix}6nr|�P��8¼
¹hLOQ�J�ghP�k 	3fwJML'�1LOQ/¸ ��Pdixiïj LOQYQ/PdsOi�sUmrm�ixoxHRsUJ�oxL$qr|R�8opJYl�n�|MJYgrsOq��ripP�J�ghP ipL$s��EHKL$q�HKPdq JMQ/sUJ�oxL$q

mrQ�LON#ipPdlz¼�À£qzJ�ghP�qhP��aJ�H/g�sUmrJMPRQd����P �7o¶ixi	P��bm�i¶sOoxqzoxq �hPRJ�sOoxiÃs |MPRJ�LOj�ipL$s��zN#sOixsOqrHRoxqhu l PdH/grsOqro¶|�l |
J�grsUJ�Pdq�sUN�ipPYJ�ghP3|M}a|MJMPdl�JML m,PRQ�j LOQ�l �1Pdixi8n�q��hPRQ�|M¸OP"��P�� ipL$s��
¼

� 
��

�� � F � � � ��� � @ � � � � !
Â�ghP�N#sO|�oxH �hPd|�opu$q ��LOQ�¸a| ��Pdixi<j�LOQ�|MPdsUQ/H�groxqhu'�7grPdq J�ghP HKL$l�m�sUQ/o¶|ML$q ox|IN�sO|�P��EL$qEP��hsOHKJ�l sUJ�H�g �
oxqhu LOjtJ�ghP �  �¢m�sOopQ/|R�ïPO¼öuh¼p� �K���R���a��� ���a�6�Ì�¶�K�I�M�6¥/�O� �R�£�U�²���b�$�3� �]�d�K� &U�]�²�w�¢�h����� �£� � �U�*��� �a�1LOQ
�'���� ! �"
� 
��%�$¼ �7L��1PR{OPRQd�#J�grox|&|�oxl m�ipP*g�sO|�groxqhu�l�PdH/g�sOqrox|�l�l sU¸OPd|�oxJ ��o���HRnripJ1JML |�nhmrm,LOQ�J � nrPRQ/opPd|
�7ghPRQ/P7J�ghPY|MPdsUQ/H�g²HKQ/opJMPRQ/oxs�ox|�ipPd|�|�|Mm,PdHRo��#HU�bPO¼öuh¼p�rs � nhPRQ�} |�n�H/g²sO| �K�M�d���b�]� ���a�Y�Ì� �]���£�3¥/�O� �R�£�U�<�R�U��<� ��¥K�w���h��� �]�d�K� &U�/���¢�h�����z� ���x�]�������b�U� ���U�*��� �²l sd}zN,P�n�|MP�� JML �#q�� sOixi
J�ghP�groxu$g*�&sd} |MPdHKJ�oxL$qr|
�7ghPRQ/PYJ�ghPYJMQ/s ��H#�#L�� ox|7ghPdsd{b}O¼!Â�gro¶| � nhPRQ/}�l s°}6N,PYQ�PRm�Q�Pd|MPdq'JMP�� sO| �'���� ! ,"����	

�+�$¼�»EP�HRsOixi
J�grox|&Jã}'m,P3LOj � nhPRQ/opPd|R�hQ�sOqhuOP � nhPRQ/opPd|R¼
� qrsOop{OP�LOj �&sd}zLOj�grsOq���ixoxqhu�Q/sOqhuOP � nhPRQ/oxPd|tox|tJML NrQ/PdsU¸²nrm s�Q/sOqhuOP � nhPRQ/}6oxq'JML l sOq'}²m	L$o¶q J

� nhPRQ/opPd|YsOq�� Q/Pd|ML$ip{OP J�ghPdlÒL$qhP�N'} L$qhPO¼ ¹hLOQ�P��asOl m�ipPO�Ãopj �1P�¸aqhL�� � �#�����U�]�<J�grsUJ3J�ghP |�l�sOixipPd|MJ
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GInhQ*k 	Yfzox| �rox|MJMQ�opN�nhJMP��²sOq�� n�|MPd|�s�l�LOQ�P�Q�LON�nr|MJ&LÇ{OPRQ/ixsd}zQ/Pd|ML$ip{OPRQ*qrPRJ���LOQ�¸#¼
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sO| �hL$l sOoxq qrsOl�Pd|�sOq�� �ropQ�PdHKJMLOQ�opPd| � *¨T �¢¼wÂ­LwmrQ/PR{OPdq J�L°{OPRQ/ixL$s��roxqhu Q�Pd|ML$ip{OPRQ�|�g�opu$g oxq J�ghP6JMQ�PRPO�
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ipL$s�� mrQ�LOm�sUu$sUJMP�� nhm J�ghP�JMQ�PRPO¼²ÀÁq HKL$q'JMQ/sO|MJR�<L$nhQ�|M}a|MJMPdl:ox| �hPd|�opu$qhP�� JMLwgrsOq���ipP l�LOQ�P uOPdqrPRQ/sOi
HKL$q'JMPdq J+qrsOl�Pd|�J�g�sUJ �hL�qhLOJ�qhPdHKPd|/|�sUQ/oxip}²grs°{OP�s gropPRQ�sUQ/H/gro¶HRsOi8qrsUJ�nhQ�PO¼
fb}a|MJMPdl |7N�sO|MP��zL$qwsOq nrq�|MJMQ/nrHKJ�nhQ/P��²uOPdqhPRQ/sOi
Q/Pd|ML$ip{OPRQ7qhPRJ%�1LOQ/¸ |�nrH/gwsO|�À �If � � �¢�	faopPdq�s � � V �¢�

¿IqbnhJMPdixixs � � T �¢��sOq�� ¹rQ�PRPdqhPRJ �öS � �&Q�P � n�opQ�P �#L'L �roxqhu J�ghP�qhPRJ%�1LOQ/¸ sUJ�PdopJ�ghPRQ�HKL$q JMPdq'J�Q�PRu$ox|MJMQ�sUJ�opL$q
J�oxl�PtLOQ � nrPRQ�}�Q�Pd|�L$ixnhJ�opL$q�J�oxl PO¼ �*PdqrHKP�J�grPd|MP7|M}a|MJMPdl | �hL3qhLOJ!|�HRsOixP �7opJ�g�J�ghP�qbnrl�N,PRQ�LOj,HKL$q'JMPdq'J
qrsOl�Pd|YsOq�� � nhPRQ�opPd|R¼�v LOQ�P�Q/PdHKPdq J�|�}b|MJMPdl�|Y|�nrH/gEsO|��3s ¾,s � � V � �!|�HRsOipP�N,PRJMJMPRQYNb} ipPR{OPRQ�sUu$oxqhu s
J���L
�¢J�opPRQ�oxqhj�Q/sO|MJMQ/nrHKJ�nrQ�P1sOq���Q/Pdip}bo¶qhu*L$q �M|/nhm,PRQ/qhL �hPd| �*JML3|�nhmrmrQ/Pd|�|ïJ�ghP ��L'L �roxqruh¼ÃÀ£q�L$nhQ�|M}a|MJMPdlz�
��P Pdixoxl�oxqrsUJMP qhPRJ%�1LOQ/¸�� �7o �hP'��LbL ��oxqhu sUJ6N	LOJ�g Q�PRu$ox|MJMQ�sUJ�opL$q sOq�� � nrPRQ�} J�oxl�P Nb} Pd|MJ�sUN�ixo¶|�groxqhu
��Pdq��hP��R{OL$nr| � L$oxq'J�|R¼
y+|�oxqhu � � |6JML oxl�mrQ�LÇ{OP s �ro¶|MJMQ/opN�nrJMP�� |M}a|MJMPdl'.Þ|z|�HRsOi¶sUN�oxixopJã} ox|²qhLOJzs qhP"� HKL$qrHKPRmrJR¼C¹rLOQ

P��hsOl�m�ipPO�&oxq J�ghP LOQ�opu$oxqrsOi �hPd|/opu$q LOjIJ�ghP À � l�nripJ�oxHRsO|MJ�m�Q�LOJMLbHKL$i�� � � �¢�&J�ghP uOQ�L$nhm oxqhj�LOQ/l sUJ�opL$q
ox|�m�nr|�ghP�� JMLwPR{OPRQ�} Q�L$nhJMPRQ�|ML J�grsUJ�sOq'} ghL$|MJ�HKL$q�qhPdHKJ�oxqhuwJMLwJ�grsUJ�Q�L$nhJMPRQ�HRsOq �£L$oxq J�ghP�uOQ/L$nhm
¼
Â�gro¶|*ipPds���|IJMLzJ�ghP�P��bm#ipL$|�opL$qwLOj1uOQ/L$nhm |MJ�sUJMP�J�grsUJ3l�nr|MJIN,P�l sOoxq'J�sOoxqhP�� L$q PR{OPRQ�} Q�L$nhJMPRQd¼�Â�ghP
� À£v �Áfav �öSUT�� �7o �hP7sUQ/Pds�P��aJMPdqr|�oxL$q�JML�J�ghP7LOQ�opu$oxqrsOi�mrQ�LOJMLaHKL$i �ro¶|MJMQ/opN�nrJMPd|�J�ghP+uOQ�L$nhm²oxqhj�LOQ/l sUJ�opL$q
L$qrip}zJMLzs6|�l sOixiï|MPRJILOj�Q�L$nrJMPRQ/|R�8HRsOixipP�� ��Pdq��rP��R{OL$nr| � L$o¶q J�|R�
sOq�� J�ghP�sO|�|�n�l�mrJ�opL$q ox|*J�grsUJYl�L$|MJ
HRixopPdq'J�|�sUQ�P3qrLOJ7oxq'JMPRQ�Pd|MJMP�� oxq²J�grPYuOQ�L$nhm�|R�rsOq�� s�HRixopPdq'JtJ�grsUJ �&sOq J�|7JML �ML$oxqzs�uOQ�L$nhm l�nr|MJ �hL |ML
Nb}�P��am�ixoxHRoxJ�ip}3HKL$q J�sOHKJ�o¶qhu3J�ghP � � m,L$oxq'J�|R¼ � |�sIQ�Pd|�n�ipJR�OJ�ghP�sOl�L$nrq'J�LOj,|MJ�sUJMP7l�nr|MJ�N,Ptl sOoxq'J�sOoxqhP��
L$qzQ�L$nrJMPRQ/|�ox| �rQ/sOl sUJ�oxHRsOixix}�Q�P��rn�HKP��8¼
� grsO|�g �¢N�sO|�P�� m,PRPRQ��¢JML
�¢m,PRPRQ |M}a|MJMPdl |�nrH�g½sO| k&grLOQ � � �¨V��¢��k � � � �O� �¢� � sO|MJMQ�} � �$� �¢��sOq��

ÂïsUm	Pd|�JMQ�} � * � �¢�7nr|�Pd|�s(|�HRsOixsUN�ixP mrQ�LOJMLaHKL$i+JML j�LOQ/l s |�Pdipj �¢LOQ/u$sOqro �doxqhu |MJMQ/nrHKJ�nhQ/P�� L°{OPRQ�ixsd} qhPRJ �
��LOQ�¸#¼z» groxixP�qhLOJ ��opQ�PdHKJ�ip}E|�nhm�m	LOQ/J�oxqhu²uOPdqhPRQ/sOi�HKL$q JMPdq'J�|MPdsUQ/H�grsUN�oxixoxJ~}O�<J�ghPd|MP6|M}b|�JMPdl |�m�Q�L°{ao �hP
sOqwP���HRopPdq'J+|ML$i¶nhJ�opL$q JML²HKL$q'JMPdq JYqrsOl�P�ipLbLO¸bnrm N'} N�oxq��ro¶qhu�s�HKL$l�m#ipPRJMP�HKL$q'JMPdq J3q�sOl�PO�	|/nrH/g sO|
s��#ipP�qrsOl PO�ÃJML s |Mm,PdHRo��	H�qhL �hP�oxq J�ghP |�}b|MJMPdl:nr|�oxqhuzszgrsO|/g j�nrq�HKJ�opL$q8¼�Â�ghPd|MP |M}a|MJMPdl |3Q�PdixsUJMP
JML L$nhQ �1LOQ�¸zoxq J���L ��s°}b|d¼�¹<opQ/|�JR�hJ�ghP 	 �*Â sUN�|MJMQ/sOHKJ�oxL$q�� � �­oxq²J�grPd|MP�l�PdH�grsOqrox|�l�|tmrQ�LÇ{bo �rPd|tJ�ghP
k 	3f²|M}a|MJMPdl s |�HRsOixsUN�ixP3sOq��zQ�LON�n�|MJ�|�nhN�|�JMQ/sUJMP3j�LOQ�N�nroxi �roxqhu�J�ghP�k 	3f6LÇ{OPRQ/ixsd}wqhPRJ���LOQ�¸zsOq��zj�LOQ
Q�L$nhJ�o¶qhu�k 	3f�l�Pd|�|�sUuOPd|R¼1faPdHKL$q��8�$L$nhQ&k 	3f�|M}b|�JMPdl-P��bJMPdq��r|�J�ghPtN�sO|/oxHtipLbLO¸bnhm�j�nrqrHKJ�opL$q�sOixopJ~}�sOq��
|�nhm�m	LOQ/J�|�HKL$q'JMPdq'J+|MPdsUQ�H/grsUN�o¶ixopJ~}�N'}znr|/oxqhu �  �¢m�sOopQ/|d¼
vwLOQ�PIQ�PdHKPdq'J�ip}O�hl sOq }6|M}a|MJMPdl |&grsd{OPIN,PRPdq�N�nroxipJ!L$q�JMLOm²LOj 	 �+Â�|�JML�ipPR{OPRQ/sUuOP 	 �*Â7|". �rPdHKPdq �

JMQ/sOixo �RP��8�r|�HRsOixsUN�ixP3sOq�� Q�LON#nr|MJ&mrQ�LOm,PRQ�J�opPd|d¼�»EP�NrQ�opP���} �ro¶|�HRnr|�|t|ML$l P3LOj<J�ghPd|MP���LOQ�¸a|R�
�7grPRQ�PYJ�ghP
qhLOJ�opL$q LOj �7Pdq��hP��R{OL$nr| � L$o¶q J7sUm�m	PdsUQ�|R¼
faHKQ�opN,P � �d� �Ãox|�s ixsUQ/uOP �~|�HRsOipP3PR{OPdq'J*qhLOJ�o �#HRsUJ�opL$q oxqrj Q/sO|�JMQ/nrHKJ�nhQ�P+j�LOQ�JMLOm�oxH �¢N�sO|�P�� m�nhN��¨|�nhNzsUm �

m�ixo¶HRsUJ�opL$qr|R¼!faHKQ/oxN	PY|�g�sUQ�Pd|�|ML$l�P�LOjïJ�grP �hPd|�opu$qzH�ghL$oxHKPd|*l s��hP�oxq²L$nrQ+k 	3f	¼hÀÁJ7ox|�sOix|�L ixsd}OPRQ�P�� L$q
JMLOmELOj&s 	 �+ÂY�
qrsOl�Pdix} � sO|MJMQ�} � �$� �¢¼ � ��Pdq��hP��R{OL$n�| � L$oxq JYoxq faHKQ�opN,P�Q�PRj�PRQ/|IJMLzJ�ghP�qhL �hP�J�grsUJ
HKLOQ�Q�Pd|�m	L$q��r|tJML6J�ghP�grsO|�g LOj�s JMLOm�o¶H3oxq J�grP�m�nhN��¨|�nhN |M}a|MJMPdlz¼tÂ�ghP�� � sOHKJ�|*sO|*J�ghP�Q�L'LOJ*LOj�J�ghP
l�nripJ�oxHRsO|MJtJMQ/PRP3j LOQ*J�ghP3|�nhN#|�HKQ/opN,PRQ/|�JML J�gro¶|&JMLOm�oxHU¼!Â�grP3l sOoxq��ro �	PRQ�Pdq�HKPYN	PRJ%�1PRPdq L$nhQ ��LOQ�¸zsOq��
faHKQ/oxN	P+ox|�J�grsUJ ��PIn�|MP � � |�JML�PdqrsUN#ipP*P��6HRopPdq J�HKL$q'JMPdq'J7|MPdsUQ/H�g8� �7groxixPIfaHKQ/oxN	P*j LaHRnr|MPd|�L$qzghL�� JML
N�nro¶i ��P��6HRopPdq J*l�nrixJ�oxHRsO|MJtJMQ�PRPd|7j LOQ�PR{OPdq'J ��ox|�|MPdl o¶qrsUJ�opL$q8¼
fbPR{OPRQ�sOi1m�Q�L��£PdHKJ�|�N�n�oxipJ3|M}a|MJMPdl |�L$q JMLOm(LOj 	 �+Â�|�JML PdqrsUN�ipP6HKL$q JMPdq'J |MPdsUQ/H�g8¼wÀ£q � � � �¢��J�ghP

j�LbHRnr|�ox|3L$q P���HRopPdq'J�¸OPR} �1LOQ � �¢N�sO|MP��(|MPdsUQ/H�groxqhuh¼zy+qrixop¸OP L$nrQ�|M}a|MJMPdlz�<s � nhPRQ�}Eox|3|�Pdq J�JMLwPdsOH�g
qhL �hP7J�g�sUJ�ox|1Q�Pd|Mm,L$qr|/opN�ipPtj�LOQ&L$qhP*LOjÃJ�ghP*¸OPR} ��LOQ �r|&oxq J�grP � nhPRQ�}O�hsOq���m�sUQ�J�oxsOi¶ip}�l sUJ�H/ghP��6Q�Pd|/nripJ�|
sUQ�P���Q/|�J�HKL$ixixPdHKJMP�� L°{OPRQ J�ghPzqhPRJ%�1LOQ/¸(sOq��(J�ghPdq � �ML$oxq � LOm,PRQ/sUJ�opL$qr|�sUQ�P²m,PRQ�j�LOQ/l�P�� JMLEuOPRJ�J�ghP
�#qrsOi#l sUJ�H/grPd|R¼!Â­PdH/grqro � nhPd|�|�nrH�g²sO|1N#ipL'L$l��#ipJMPRQ/|�sOq��6HRsOH/gro¶qhu�sUQ/P+nr|�P���JML�Q�P��rn�HKP7J�ghPIqhPRJ���LOQ�¸
N�sOq��
�7o �hJ�g�HKL$qr|�nrl mrJ�opL$q8¼­»EP7sd{OL$o � J�ghPtJMQ/sOqr|�l�ox|�|�opL$q�LOj	m	LOJMPdq'J�oxsOixix}�ixsUQ�uOP�qbnrl�N	PRQ<LOj	m�sUQ�J�oxsOi¶ip}
l sUJ�H�ghP�� Q�Pd|/nripJ�|INb} |�JMLOQ/oxqhu HKL$l�m#ipPRJMP�HKL$q'JMPdq J�qrsOl�Pd| ��sOixi�¸OPR} ��LOQ �r|�LOj�s��rLbHRnrl Pdq J3oxq � � � � .Þ|
HKL$q'JMP��bJ!	�L$q�� � qhL �hPd|&JML�sOixixL�� j�nrixi,Q�Pd|ML$i¶nhJ�opL$q²ipLaHRsOixip}O¼
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Â �*oxqhP � � T��­o¶|7s�Q�Pd|�L$nhQ/HKP ��ox|�HKL°{OPRQ/}²|�}b|MJMPdl�N�nroxixJ�L$qwJMLOm LOj!k&grLOQ �8¼ �7Pd|ML$nhQ/HKP��hPd|�HKQ/oxmrJ�opL$qr|
sUQ�P |MPRm�sUQ/sUJMP�� oxq'JML �M|MJMQ/sOq��r| �a�+�7groxH�g sUQ�PwPd|�|MPdqr|�J�oxsOixip}(J�ghPwHKL$l�N�oxq�sUJ�opL$q LOj �  �¢m�sOoxQ/|�oxq L$nhQ
|M}a|MJMPdlz�8sOq��wJ�ghPdq l sUmrm,P�� L$q'JMLzqhL �hPd|*o¶q J�ghP�Q�Pd|ML$ip{OPRQILÇ{OPRQ/ixsd} qhPRJ���LOQ�¸	�
|�oxl o¶ixsUQ�JML6L$nhQIN�sO|�oxH
|M}a|MJMPdlz¼ � Q�Pd|ML$ip{OPRQtJ�g�sUJ&HKLOQ/Q�Pd|Mm,L$q��r|�JML s�Q/sOq��hL$l�|MJMQ�sOq��zoxq�J�ghP � nrPRQ�}�ox|&nr|MP��²JML�Q�Pd|�L$ip{OPYJ�ghP
� nhPRQ�}O¼ �*L���PR{OPRQd��Â �7o¶qhP �hLbPd|&qhLOJts����hQ�Pd|/|1J�grPIHKQ�opJ�oxHRsOi	ipL$s��6N�sOixsOqrHRoxqru�mrQ/LON�ipPdlz� �7groxH�g ��P#�7oxixi
�rox|/HRnr|�|toxq²J�ghP3qrP��bJ7H�grsUmrJMPRQd¼

� 	�� ) 
 ��5��	������
�4 4Ò�t�,2

À£q J�grox|�H/grsUm�JMPRQd� �1P6mrQ�Pd|�Pdq JMP�� J�ghP��rPd|�opu$q LOj*s �rox|�JMQ/opN�nhJMP��EsOq�� |�HRsOi¶sUN�ipP6k�L$q'JMPdq'J 	Iox|/HKL°{OPRQ�}
fb}a|MJMPdlz¼&Â�ghP�k 	Yfzox|�j�nrixip} �rox|MJMQ�opN�nhJMP��²oxqzJ�g�sUJ*qhL�HKPdq'JMQ/sOiÃPdq J�opJã} ox|�qhPRP��rP�� j�LOQ7N,LOJ�g Q�PRu$o¶|MJMQ/s��
J�opL$qr|!sOq�� � nrPRQ/opPd|R¼ ��PRu$ox|�JMQ/sUJ�opL$qr|�sOq�� � nrPRQ/opPd|�sUQ�P�HRsUQ�Q�opP���L$nhJ�P���HRoxPdq J�ip}�Nb}�nr|/oxqhu � � |R� sOq��-��P
sd{OL$o � qrPRJ���LOQ�¸'�7o �hP�l�Pd|�|�sUuOP ��LbL �ro¶qhu�j LOQ+N,LOJ�g Q�PRu$o¶|MJMQ/sUJ�opL$qr|+sOq�� � nhPRQ�opPd|R¼�Â�ghP�P���HRopPdqrHK}zj�LOQ
oxq���op{bo �rnrsOi,Q�PRu$ox|�JMQ/sUJ�opL$qr|YsOq�� � nhPRQ/opPd|Il�PdsOq�|IJ�grsUJYJ�ghP�k 	3f |�HRsOipPd|#��Pdixi<sO|IJ�ghP�Q�PRu$ox|MJMQ�sUJ�opL$q LOQ
� nhPRQ�} ipL$s��Eo¶qrHKQ�PdsO|MPd|R¼�» gro¶ipP�l�sOoxq J�sOo¶qroxqhu�P���HRopPdqrHK}O�
J�grP k 	Yf .Þ| �  �¢m�sOopQYN�sO|MP�� HKL$q'JMPdq J�Q�PRm �
Q�Pd|MPdq'J�sUJ�opL$qEHKL$nhm#ipP�� �7opJ�g |�nhN�|MPRJYl sUJ�H�groxqhu²sOixipL��7| ��P��hopN�ipP�|MPdsUQ/H�groxqhuh¼3¹<oxqrsOi¶ip}O�,��P l�nr|MJIqhLOJMP
J�grsUJ*J�ghP�k 	3f |M}a|MJMPdl n�|MPd|7s�	 �+Â JML�j�LOQ/l J�grP�k 	3f²LÇ{OPRQ/ixs°} qhPRJ���LOQ�¸ sOq�� �hPdixox{OPRQ*l�Pd|�|/sUuOPd|R�
sOq�� sO|7|�nrH/g
�rJ�ghP3qhPRJ%�1LOQ�¸ o¶qrghPRQ/opJ�|�J�ghP3|/HRsOixsUN�oxixoxJ~}O�hQ�LON�n�|MJ�qhPd|�|R�hsOq�� |MPdipj �¢LOQ�u$sOqro �doxqru�mrQ�LOm,PRQ�J�opPd|
j�Q�L$l J�ghP 	 �+ÂY¼
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� |-�1P l�Pdq'J�opL$qhP��[o¶q J�grP ixsO|MJ�H/grsUm�JMPRQd�!J�ghPwk 	Yf .Þ|�m	PRQ/j LOQ/l�sOqrHKP �7oxixi �hPRuOQ/s��hP � nroxH/¸bip}
�7ghPdq
J�ghP � � |*sUQ�P�LÇ{OPRQ/ipL$s��hP�� �rnhP3JML�J�ghP�|M¸OP"��P�� �  �¢m�sOopQ �rox|MJMQ/oxN�nhJ�opL$q6oxqzQ�PdsOi¶ox|MJ�oxHIQ�PRu$o¶|MJMQ/sUJ�opL$qr|7LOQ
� nhPRQ/opPd|R¼<À£q �ro¶|MJMQ/opN�nrJMP�� |M}a|MJMPdl |R� �h}aqrsOl oxH�ixL$s���N�sOi¶sOqrHRoxqhu�ox|!s�JMPdH/grq�o � nrP7J�grsUJ&ox|1LOj JMPdq²nr|MP���JML
oxqrHKQ/PdsO|MPtsY|M}b|�JMPdl'.Þ|<J�ghQ�L$nhu$grm�nhJ<nrq��hPRQ�|M¸OP"��P�� ipL$s��8¼ �*L���PR{OPRQd�'l L$|MJ�|M}a|MJMPdl |�nr|MP�|�L$l�P&J~}bm	PtLOj
HKPdq'JMQ/sOixo �RP�� Pdq'J�opJ~} JML²HKLbLOQ �roxqrsUJMP�J�ghP�N�sOixsOqrHRoxqru�LOj!ipL$s��
¼*¹hLOQIP��hsOl�m�ipPO�,s�m,LOm�n�ixsUQ�PdHKL$l l�PRQ�HKP
|�opJMP²l s°}(nr|�P6s j�Q�L$q J �¢Pdq�����PRN |MPRQ�{OPRQ�JML �roxQ�PdHKJ�Q/P � nhPd|�J�|�JMLEs HRixnr|�JMPRQ�LOj*N�sOH�¸ �¢Pdq�� �rsUJ�sUN#sO|MP
|MPRQ�{OPRQ�|1oxq�s�ipL$s���N�sOixsOqrHKP�� ��s°}O¼�À£q L$nhQ �hPdHKPdq JMQ�sOixo �RP���|�Pdipj �¢LOQ/u$sOqro �doxqhu�m	PRPRQ �¢JML
�¢m	PRPRQ�N�sO|MP��²k 	3f
|M}a|MJMPdlz�hipL$s���N�sOixsOqrHRo¶qhu3N�sO|MP���L$q²s�HKPdq'JMQ/sOixo �RP�� �MixL$s���N�sOi¶sOqrHKPRQ���ox|!qhL�ipL$qhuOPRQ&sUmrm�i¶oxHRsUN�ipPO�b|�oxqrHKP
J�ghP6ipL$s�� N�sOi¶sOqrHKPRQ��7o¶ixi<N,PdHKL$l�P�sw|�oxqhu$ipP�m,L$oxq'J �¢LOj �¢j�sOoxi¶nhQ�P sOq�� N	LOJMJ�ixPdqhPdH�¸ELOjtJ�ghP6|M}a|MJMPdlz��sOq��
J�gbnr| �hPRj�PdsUJ�J�ghP �rPdHKPdq JMQ/sOi¶o �RP��zmrQ�LOm,PRQ�Jã}�LOjïJ�ghP�k 	Yf,¼
À£q J�gro¶|!H/g�sUmrJMPRQd�)�1P+mrQ�Pd|�Pdq J�s �rox|�JMQ/opN�nhJMP���ixL$s���N�sOi¶sOqrHRoxqhu�|�L$ixnhJ�opL$q�J�g�sUJ�sOixixL��7|!J�ghPYk 	Yf�JML

�h}aqrsOl oxHRsOi¶ip} �ro¶|�HKL°{OPRQïsOq���nhJ�o¶ixo �RP�ixopu$g'J�ip}IipL$s��hP��3qhL �hPd|ÃJML*|�grsUQ/P�J�ghP!Q�PRu$o¶|MJMQ/sUJ�opL$q3sOq�� � nhPRQ�}IipL$s��
LOj
ghPds°{boxix} ipL$s��hP��6qhL �rPd|R¼<»EP ��Q�|MJ1oxq'JMQ�L �rnrHKP7s��rox|�JMQ/opN�nhJMP�� ��sUJ�s�|MJMQ�nrHKJ�nhQ�PO�bJ�ghP*ixL$s���N�sOi¶sOqrHRoxqhu
l sUJMQ/o ���¢fbPdHKJ�oxL$q � ¼ � 	��OsOq��YJ�ghPdq3|/ghL��(ghL�� oxJ
ox|8nr|MP��3sOq��3l sOqrsUuOP����¢fbPdHKJ�opL$q � ¼ S 	
oxqYs �rox|�JMQ/opN�nhJMP��
j�sO|�gropL$q�JML�Pdixoxl oxq�sUJMP&grLOJ!|Mm,LOJ�|!oxq�J�grP7|M}a|MJMPdl sOq�� J�g'nr|!oxl�mrQ�LÇ{OP�J�ghP7|�}b|MJMPdl/.Þ|�J�ghQ�L$nru$ghm�nhJR¼ï»EP
�hPd|�HKQ�opN,Pws |�oxl�nrixsUJ�opL$q oxl�m#ipPdl�Pdq'J�sUJ�opL$q LOj�J�ghP k 	3f oxq fbPdHKJ�opL$q � ¼öVh¼ º �bJMPdqr|/op{OPE|�oxl�nrixsUJ�opL$q
Q�Pd|�n�ipJ�| sUQ�P m�Q�Pd|MPdq'JMP�� oxq fbPdHKJ�oxL$q � ¼ � J�g�sUJ�{UsOixo �rsUJMPzJ�ghP P��	PdHKJ�op{OPdqrPd|�|�LOjYJ�grP ipL$s��[N�sOi¶sOqrHRoxqhu
l�PdH�grsOqrox|�l ¼�»EP3J�ghPdq²mrQ�Pd|�Pdq J ��LOQ�¸6Q�PdixsUJMP��²JML �ro¶|MJMQ/opN�nrJMP���ipL$s��zN#sOixsOqrHRoxqhu�oxq fbPdHKJ�opL$q � ¼���sOq��
|�nrl�l sUQ/o �RPIJ�ghP�H�grsUmrJMPRQ+oxq fbPdHKJ�opL$q � ¼ *'¼

� 	�� � %*�t� � ��������������9 � ���	�
�M; � � � � �

¹hLOQ�szm,LOm�nrixsUQ �  �¢m#sOopQd�
J�ghP²k 	3f |M}a|MJMPdl:nr|�Pd|3s |MPRJ3LOjtqhL �hPd|Yoxq�|MJMPds��ELOj&L$qhP�qhL �hP�JML |/grsUQ�P
J�ghPYQ�PRu$o¶|MJMQ/sUJ�opL$q sOq�� � nhPRQ/}6ipL$s��
¼�ÂÃL Pdq�|�nhQ�PIJ�grsUJ�J�g�ox|t|MPRJ�LOj<qhL �hPd|tHRsOq N,PYs����hQ�Pd|/|MP�� �ropQ�PdHKJ�ix}
Nb}wPdq��rm	L$o¶q J�|IoxqEs �ro¶|MJMQ/opN�nrJMP�� j�sO|�gropL$q
�$�1P�LOQ/u$sOqro �RP J�gro¶|+|�PRJ3LOj�qrL �hPd|Yo¶q JML s ixLOu$oxHRsOi�l sUJMQ/o��,�
J�ghP��
L$s�� ��sOi¶sOqrHRoxqhu6vwsUJMQ/o ��� � �&v 	�¼,¹<opu$nhQ�P � ¼ � |/ghL��7|*J�ghP�ixsd}OL$nhJ+LOj�J�ghP�l sUJMQ/o�� j�LOQ �  �¢m�sOopQ
��
 � �����$¼ º sOH/g qhL �rP²o¶q J�grP l sUJMQ/o�� grsO|�sEHKL$ixnrl q[sOq�� Q�L���o¶q��hP��,� ��� � �*	���sOq��[qrL �hP²À 	I| sUQ�P
�hPRJMPRQ/l�oxqhP��(N'} sUmrm�ix}boxqru J�ghP grsO|/g j�nrqrHKJ�oxL$q8� � �!JMLEJ�ghP �  �¢m#sOopQd�!sOq�� J�grP HKL$ixnrl q sOq�� Q�L��
oxq���oxHKPd|�JMLOuOPRJ�ghPRQ �
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1,1 2,1

1,2 2,2 P,2

0,0
Partitions

R
ep

lic
as

Head node

P,1

P,R1,R 2,R

¹<opu$nrQ�P � ¼ � � �ÃL$s��zN�sOixsOqrHRo¶qhu�l sUJMQ/o��²j LOQ	��

�������$¼

º sOH�g HKL$ixnrl�q�o¶q�J�grP�l sUJMQ/o���|�JMLOQ�Pd|�L$qhP�|�nrN�|MPRJR�OLOQï�a�U�K���������U���'LOj	J�ghPtHKL$q JMPdq'J!qrsOl Pd|�J�grsUJ�HKL$q'J�sOoxq
��
 � �����$¼ �*L �hPd|ÃoxqIJ�grP1|�sOl�P1HKL$ixnrl q3sUQ/P��M�Á�#�Ì��¥��¨�
LOjaPdsOH/g�LOJ�ghPRQ �
J�ghPR}3grL$|MJ
J�ghP!|/sOl�P!|MPRJ­LOjaq�sOl�Pd|R¼
Â�grP3l sUJMQ/o�� �h}bq�sOl oxHRsOixip}�P��bm�sOq��r|&LOQ7|�ghQ�oxqh¸a|1sOipL$qru opJ�|tJ���L �ro¶l�Pdqr|�opL$q�| �hPRm,Pdq���oxqhu�L$qzJ�ghP

ipL$s�� opJ�Q�PdHKPdop{OPd|R¼ ÀÁJ�|MJ�sUQ�J�| �7opJ�g L$qhP qhL �hP'�7ghPdq[J�grP Q�PRu$ox|MJMQ�sUJ�opL$q sOq�� � nhPRQ/}(ipL$s�� sUQ�P ipL�� �
J�grox|�HKLOQ�Q�Pd|�m	L$q��r|�JML J�ghP6N�sO|�o¶H�|M}a|MJMPdlz¼ �*P"� m�sUQ�J�opJ�oxL$qr|�sUQ�Pzs����rP�� JML J�ghP²l sUJMQ/o �
�7ghPdq J�ghP
Q�PRu$ox|�JMQ/sUJ�opL$q ipL$s�� LOj�J�ghP m#sOopQ ��

�������6oxqrHKQ�PdsO|MPd|d�ÃsOq��EqhP"� Q/PRm�ixoxHRsO|IsUQ�P�s����hP�� �7ghPdq J�ghP � nhPRQ/}
ipL$s�� oxqrHKQ�PdsO|�Pd|R¼�vwsUJMQ�oxHKPd|Il sd} Pdq�� nhm oxq �ro �	PRQ�Pdq'J*|/grsUm,Pd|R¼�¹hLOQIP��asOl m�ipPO�#s6l sUJMQ/o �zl�sd} grs°{OP
L$qrip}6L$qhPYQ�L��3�
�7grPdqzL$qrip}�J�ghP3Q�PRu$ox|�JMQ/sUJ�opL$q ipL$s�� ox|�gropu$g
�bLOQ7L$qhP�HKL$ixnrl�q8� �7ghPdq²L$qrix}�J�ghP � nhPRQ/}
ipL$s��²ox|�gropu$g8¼ º sOH/g²l sUJMQ/o��6nr|MPd|&s�qrL �hPO�aHRsOixipP��6J�ghP��a�/�$� �	�d� �K� �*opJ�g�À 	 ��� � 
 �
�� � � ��
 � � � � T � T*	��
JML�|MJMLOQ/P�opJ�|�HRnhQ/Q�Pdq J�|/o �RP3sOq��zJML�HKLbLOQ �ro¶qrsUJMPYJ�ghP3P��am�sOqr|�oxL$qzsOq�� |�ghQ�oxqh¸aoxqhu�LOj<J�ghP3l�sUJMQ/o��,¼
Â­L P��am�sOq�� l sUJMQ/oxHKPd|R�tPdsOH�g qhL �rP oxq J�grPw|M}a|MJMPdl l�sOoxq J�sOo¶qr| J�ghQ/PRP J�ghQ�Pd|/ghL$i �r|#�������3�tJ�ghP

l s �hoxl�nrl qbnrl�N,PRQïLOj	HKL$q JMPdq'J�qrsOl�Pd|<sIqhL �hP&HRsOq�ghL$i �8��� � ��� �OJ�ghPtl s �hoxl�nrl Q�sUJMPtLOjrQ�PRu$ox|MJMQ�sUJ�opL$q
opJ�HRsOq�|�n�|MJ�sOoxq8�bsOq�����	Ç�'J�ghP+l s �hoxl�n�l � nhPRQ�}�Q/sUJMP+J�ghPIqhL �rP7HRsOq²|�nr|MJ�sOoxq
¼ïÂ�grQ�PRP*HKLOQ�Q/Pd|Mm,L$q��roxqhu
ipL�� J�grQ�Pd|�ghL$i ��|1sUQ�PYsOix|�L�|�PRJ�j�LOQt|�ghQ/o¶qh¸bo¶qhu3m�nhQ/m	L$|�PO¼ �*LOJMPYJ�grsUJts�qhL �rP+l s°}�N,PdipL$qhu�JML�l�n�ipJ�opm�ipP
l sUJMQ/o¶HKPd| �7grPdq�l�nripJ�opm�ixP �  �¢m�sOopQ/|­sUQ�P&l sUmrm,P��3L$q'JML+oxJR�UsOq��3J�ghP1J�ghQ�Pd|�ghL$i �r|ÃsUQ�P�nr|MP���JML*Q/PRu$nrixsUJMP
J�ghP�sUuOuOQ�PRu$sUJMP�� ipL$s��wj�Q�L$l sOi¶i
LOj�J�ghPd|�P�m�sOoxQ/|R¼tÀ£q J�ghP�j�L$ixipL��*oxqhu �ro¶|�HRnr|�|�oxL$qr|R�hj�LOQI|/oxl�m�ixo¶HRopJ~}O� ��P
sO|�|�n�l�PwsOixi*qhL �hPd|�sUQ�P ghL$l�LOuOPdqrPRL$nr|�o¶q J�grsUJ6J�ghPR} grs°{OP J�grPw|�sOl�P HKL$l�m�nhJ�sUJ�oxL$q m,L���PRQzsOq��
qhPRJ%�1LOQ�¸zHKL$qrqrPdHKJ�op{boxJ~}O¼
�*P��bJ ��P��hPd|/HKQ/opN,P3J�ghP�Q�PRu$ox|MJMQ�sUJ�opL$qwsOq�� � nhPRQ�}zLOm,PRQ/sUJ�opL$q�| �7grPdq � �&v |IsUQ�P�m�Q�Pd|MPdq'J+oxq J�ghP

|M}a|MJMPdlz¼
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À£q J�ghP N�sO|�o¶H |M}a|MJMPdlz�7s(HKL$q'JMPdq JzmrQ/L°{ao �hPRQ6Q�PRu$ox|MJMPRQ/|6opJ�|6HKL$q JMPdq'J qrsOl�P �7opJ�g � � qhL �hPd|�J�grsUJ
HKLOQ�Q�Pd|�m	L$q��r|�JML PdsOH/g LOj�J�ghP �  �¢m�sOopQ/|�oxq J�ghP²qrsOl�PO¼ ÀÁq(HKL$q'JMQ/sO|MJR� �*opJ�g � ��v |R��J�grP�mrQ/L°{ao �hPRQ
l�nr|MJ+Q�PRu$ox|MJMPRQYopJ�|+HKL$q JMPdq'J3qrsOl�P �7opJ�gwL$qhP�HKL$ixnrl qwLOj!qhL �hPd|+oxq PdsOH�gEl sUJMQ/o�� J�g�sUJ+HKLOQ�Q/Pd|Mm,L$q��r|
JML�sOq �  �¢m�sOopQ ��¹<opu$nhQ/P � ¼ S 	�¼
Â�grP+m#|MPdn��hL�HKL �hPIj LOQtQ�PRu$o¶|MJMQ/sUJ�opL$qzox|ti¶ox|MJMP��²oxq²¹<opu$nhQ�P � ¼ � ¼!Â­L�Q�PRu$ox|MJMPRQ �*opJ�g²l sUJMQ/o������ � �Á�

J�ghPEHKL$q'JMPdq JzmrQ/L°{ao �hPRQzl�n�|MJ �#Q/|MJ �rox|�HKLÇ{OPRQ opJ�|²|�o �RP �(J�ghP qbnrl�N,PRQ6LOj�m�sUQ�J�opJ�oxL$qr|R� 	��IsOq�� J�ghP
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CN:{a1v1, a2v2, a3v3}

LBM for {a1v1}

LBM for {a2v2}

LBM for {a3v3}

1,1

1,2

1,3

2,1

2,2

2,3

3,1

3,2

3,3

¹<opu$nhQ/P � ¼ S � ��PRu$o¶|MJMQ/sUJ�opL$q'�*opJ�gzipL$s��zN�sOi¶sOqrHRoxqhu�l sUJMQ/o¶HKPd|R¼

qbnrl�N,PRQ1LOj
Q�PRm�ixo¶HRsO|R����¼�ÀÁJ1HRsOq �hL�|ML�o¶q�|MPR{OPRQ�sOi,�&sd}a|R¼�¹hLOQtP��hsOl�m�ixPO�bopJ�l sd}�N	P+sUN�ipP*JML�Q/PRJMQ/opPR{OP
J�ghP6|�o �RP j�Q�L$lÒJ�grP�m�sOopQ�.Þ|3HKLOQ�Q�Pd|Mm,L$q���oxqhuzghPds��(qhL �rP � �ÃoxqhP�Vwoxq ¹<opu$nrQ�P � ¼ � 	�¼z»EP��7oxixi �ro¶|�HRnr|�|
N,PdipL�� ghL�� J�ghP�|�o �RP�l sd}zN,P �rox|/HKL°{OPRQ�P�� P���HRopPdq'J�ip}zopj­J�grP�ghPds�� qrL �hP3o¶|tN�nr|M}O¼tGIqrHKP3J�grP�|�o �RP3LOj
J�ghPIl sUJMQ/o�� ox|1j�L$nrq��8�'J�ghP*HKL$q'JMPdq Jtm�Q�L°{ao �hPRQ�|MPdipPdHKJ�|&s��M�U�#� �U� m#sUQ�J�opJ�opL$q�N,PRJ���PRPdq � sOq�� 	 � �­oxqhP
� 	�¼�ÀÁJ7J�ghPdq HKL$l�m�nrJMPd|7J�ghP�qhL �hP�À 	I|*oxq J�grox|�m#sUQ�J�opJ�opL$qwsOq�� Q�PRu$o¶|MJMPRQ/|��7opJ�g PdsOH�g LOj�J�ghP�Q�PRm#ixoxHRsO|
�7opJ�g�oxq�J�ghP�m�sUQ�J�oxJ�opL$q � �Ão¶qhPd| � � � 	�¼�fao¶qrHKPtJ�ghP�m�sUQ/J�opJ�opL$q-�7opJ�g�oxq�J�ghP7l sUJMQ�o���o¶|�Q/sOq��hL$l�ip}�|MPdixPdHKJMP��8�
J�ghP3Q/PRu$ox|MJMQ/sUJ�opL$qzixL$s��'�7opJ�gro¶q�J�grP�l sUJMQ/o��²ox| �ro¶|MJMQ/opN�nrJMP���PR{OPdqrix}O¼

� �hµ �U¯

 ®°¯ �$¬ �<¯�® �$³��#¬ � � �Ã¯ � � �Ç³ � ¯ � �
»EP�qrL�� PdixsUN,LOQ/sUJMPYL$qwghL�� J�ghP�|�o �RP ��ox|�HKL°{OPRQ/}6ox|7HRsUQ�Q/opP��²L$nhJ*oxq²J�ghPYPR{OPdq'J7J�grsUJ�J�grP3ghPds�� qhL �hP
ox|��rL��7q[LOQ�N,PdHKL$l�Pd|�sEN,LOJMJ�ipPdqrPdH�¸	¼ y+q��hPRQ�|/nrH/g |/HKPdqrsUQ/opL$|R�&J�ghP mrQ�L°{ao �hPRQ l�sd}&�#q��[L$nrJ J�ghP
l sUJMQ/o ��|�o �RPINb}��ropQ/PdHKJ�ip} |MPdq��ro¶qhu�m�Q�LON,P+l�Pd|/|�sUuOPd|&JML qhL �hPd|�J�grsUJ�sUQ�PIm,LOJMPdq J�oxsOi¶ip}�oxq�J�ghPYl sUJMQ/o��,¼
¹hLOQ�P��asOl�m#ipPO�ÃJML ��ox|�HKL°{OPRQ�	��ÃJ�grP mrQ�LÇ{bo �rPRQ3l sd} ��Q/|�JYPd|MJ�oxl sUJMP�s l s �ao¶l�nrl:q'nrl�N,PRQ
	 �U�ïsOq��
mrQ�LON,P s qrL �hP o¶qEJ�ghP 	��KJ�gEm�sUQ�J�oxJ�opL$q8�
PO¼öuh¼p� � ���	� 
 � �� ¼��7L �hP � ���	� 
 � �� HRsOq �hPRJMPRQ/l�oxqhP��7ghPRJ�grPRQ�opJ
N,PdipL$qhu$|­JML ��� � ��N'}�H�ghPdH�¸aoxqhuYopJ�| �rsUJ�sUN#sO|MP&JMLI|�PRP&oxjropJ­grsO|<|MPRPdq ��
 � ��� �&N,PRj LOQ�PO¼�faoxq�HKP!m�sUQ�J�oxJ�opL$qr|
sUQ�P�oxq��rP��bP��wHKL$q J�opu$nrL$nr|�ip}O�,J�ghP�HRnhQ�Q�Pdq'JIq'nrl�N,PRQ*LOj!m�sUQ�J�opJ�opL$q�|*HRsOq N,P�P��6HRopPdq J�ix} �rox|�HKLÇ{OPRQ�P�� oxq
� ��ixLOu 	���	&|MJMPRm�|7{boxs N�oxqrsUQ�}6mrQ�LON#oxqhu�N,PRJ���PRPdq m�sUQ/J�opJ�opL$q � sOq�� 	��U¼ � |7s�j�nhQ/J�ghPRQ�LOmrJ�oxl�o �dsUJ�opL$q8�
HKL$q'JMPdq JImrQ�LÇ{bo �hPRQ/|�l s°} HRsOH/ghP�sOq �  �¢m�sOopQ .Þ|*l sUJMQ/o�� |�o �RP�sOq��wnr|MP�oxJ �7opJ�ghL$nrJ�Q�P � �rox|/HKL°{OPRQ/oxqru�opJR¼
Â�gro¶|tox|&j LOQ7P��asOl�m#ipP3nr|MPRj�nri �7ghPdq²Q/PRj Q�Pd|/groxqhu�s�mrQ/PR{bopL$n�|�ip} Q�PRu$o¶|MJMPRQ�P�� qrsOl PO¼


 
�	 
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faoxl�oxixsUQtJML6J�ghP�N#sO|�oxH�|�}b|MJMPdl �#JML6Q�Pd|ML$ip{OP�s � nhPRQ�}O�,s6HRixopPdq'J*HRsOq |MPdq�� opJ7JML6J�ghP�J�grP�l sUJMQ�o��zJ�grsUJ
HKLOQ�Q�Pd|�m	L$q��r|ïJMLIsOq'} �  �¢m�sOopQ�oxq�J�ghP � nhPRQ�}O¼<Â�ghP�m�|MPdn��hLYHKL �hP&LOj�J�ghP � nhPRQ�}3Q/Pd|ML$ixnhJ�opL$q�sOipuOLOQ�opJ�grl
ox|*ixox|MJMP��woxq ¹<opu$nhQ�P � ¼öVh¼7Â�ghPRQ/P�sUQ�P�J���L6Jã}'m,Pd|*LOj � nrPRQ/opPd| �rPRm	Pdq��roxqhu�L$q ghL��>l sOq'} �  �¢m�sOopQ/|+s
� nhPRQ�}²l sd}zHKL$q'J�sOoxq8¼
» ghPdq l�nripJ�opm#ipP �  �¢m�sOopQ/|YsUQ�P�m�Q�Pd|MPdq'J3oxqEs � nhPRQ�}O�$��P nr|MP s²J%�1L
�¢m�sO|/|6�d�r�R��© �]�	��� ��� �d�O�����U�

sOipuOLOQ/oxJ�grl JML �hPRJMPRQ/l�oxqhP �*groxH/g�m�sOopQ<s*HRi¶opPdq Jï|�ghL$nri ��nr|MP1j LOQ<opJ�| � nhPRQ�}O�O|�oxqrHKP1J�ghP&HKL$|MJ­LOj�Q�Pd|ML$ip{aoxqhu
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¹<opu$nhQ�P � ¼ � ��Â�ghP3sOipuOLOQ�opJ�grl�j�LOQ7HKL$q JMPdq'J+mrQ�L°{ao �hPRQ�|&JML Q�PRu$ox|MJMPRQ �7opJ�g � �&v ¼

s � nhPRQ�}zox| �hPRJMPRQ/l o¶qhP��zNb}zJ�ghP�qbnrl�N,PRQ*LOj�m�sUQ�J�opJ�opL$q�|�oxqzJ�ghP�|MPdipPdHKJMP�� l sUJMQ/o��,¼t¹<opQ/|MJR�#J�ghP�HRixopPdq'J
mrQ�LON,Pd|+J�ghP |�o �RPd|ILOj1sOixi<J�ghP�l sUJMQ�oxHKPd|3HKLOQ�Q�Pd|�m	L$q��roxqhu�JMLzPdsOH/g �  �¢m�sOopQYoxq J�ghP � nhPRQ�}wn�|�oxqhu6L$qhP
LOjïJ�ghP�l�PdH�grsOqrox|�l�|&mrQ�Pd|MPdq'JMP�� sUN,L°{OP � �­oxqhPd|7S � � 	��	sOq��zopJtJ�ghPdq |MPdipPdHKJ�|tJ�ghPYL$qrP �7opJ�g²J�ghPYj�P"��Pd|MJ
m�sUQ�J�oxJ�opL$qr| � �ÃoxqrP � 	�¼�À£q�mrQ/sOHKJ�o¶HKPO� |�oxqrHKP&J�ghP�l�sUJMQ/o���|/o �RPd|�HRsOq�N,PtHRsOH/ghP��
� J�ghP�HKL$|MJ!LOj#J�ghPtm�Q�LON�oxqhu
m�grsO|�P3HRsOq N,PYsOl�LOQ�J�o �RP�� �7ghPdq²J�ghP�HRi¶opPdq J�o¶|�|�nhPd|tl�nripJ�opm#ipP � nhPRQ/oxPd|R¼
À£q J�ghP�|MPdHKL$q�� |MJMPRm sUj�JMPRQ3s�l sUJMQ�o��wox|I|MPdipPdHKJMP��
�8J�ghP�HRixopPdq'J+l�nr|MJI|MPdq�� J�ghP � nrPRQ�} JMLzsOixiïJ�ghP

m�sUQ�J�oxJ�opL$qr|
oxq3J�ghP1l sUJMQ�o�� � �ÃoxqhP�* 	��UoxjbopJ­qhPRP��r|
JMLIHKL$ixipPdHKJïsOixiOm,L$|�|�oxN�ipP�l sUJ�H/grPd|R¼<ÀÁq�Q�PdsOixopJã}O�U|�Pdq��roxqhu
JML s�|�nhN�|�PRJ1LOj­J�ghPIm�sUQ�J�opJ�opL$q�|�l�sd}�Q/PRJ�nhQ/q6J�ghPYHRixopPdq'Jt|�n)��HRopPdq'J&q'nrl�N,PRQ&LOjÃQ�Pd|�n�ipJ�|R¼!faoxqrHKPIqhL �hPd|
oxq²J�ghP3|/sOl�P3HKL$ixnrl qzsUQ/PYQ�PRm�ixoxHRsO|�LOjïPdsOH/g LOJ�ghPRQd�rJ�ghP � nhPRQ�}6qhPRP��r|tL$q�ip}�JML�N,PY|MPdq'J�JML�L$qhP�qhL �hP
oxq²PdsOH�g HKL$ixnrl�q8�hsOq��zJ�ghP3HRixoxPdq J�H�ghL'L$|�Pd|7s²�M�U�#�$�U�.qhL �hP � �ÃoxqrPd| � � � T*	�¼1Â�gro¶|&Q/sOq��hL$l |MPdixPdHKJ�opL$q
l�PdH�grsOqrox|�l Pdqr|�nhQ�Pd|&J�grP � nrPRQ�}�ipL$s�� ox| �rox|�JMQ/opN�nhJMP���PR{OPdqrip} �7oxJ�groxq6s l sUJMQ/o��,¼
ÀÁj�J�ghP � nrPRQ�} HKL$q J�sOo¶qr|+L$qrip}zL$qhP �  �¢m�sOopQ°�#J�ghP � nhPRQ�}zLOmrJ�oxl�o �dsUJ�opL$q l�PdH/grsOq�ox|�l �7oxixi
qrLOJ+N,P

sUmrm�i¶oxHRsUN�ipPO�asOq��6J�ghP � nhPRQ�} �7o¶ixi�N,PI|MPdq'JtJML�J�ghPYl sUJMQ/o��²HKLOQ�Q�Pd|Mm,L$q��ro¶qhu�JML�J�grsUJtm#sOopQd¼<» grPdq²J�grox|
l sUJMQ/o � grsO|YszipLOJILOj�m�sUQ�J�opJ�oxL$qr|R�,J�ghP � nhPRQ�} HKL$|MJ��7oxixi­N,P�groxu$g oxj ��P l�nr|�J+uOPRJ�sOixi<l sUJ�H/ghPd|�sOq��
J�gbnr|I|MPdq��wJ�ghP � nhPRQ�}zJMLzsOixi­m�sUQ�J�oxJ�opL$qr|R¼+ÂÃL²Q�P��rn�HKP�HKL$|MJYoxq J�grox|+HRsO|MPO�8J�ghP�HRixopPdq'J+HRsOq HKL$q'J�sOHKJ�s
|�l sOi¶i!|�nhN#|MPRJ3LOjtJ�ghP�m�sUQ�J�opJ�opL$q�|3JML Q�PdHKPdop{OP6PdqhL$nhu$g l�sUJ�H/ghPd|R��PO¼öuh¼p� � TOTa¼wÂ�ghP�HRixopPdq'J�l s°}EJ�ghPdq
Q�P��#qrP3opJ�| � nhPRQ�}6N�sO|MP��zL$q J�ghP3Q�PRJ�nrQ/qhP�� qrsOl Pd|�Nb}²s����roxqhu�l�LOQ�P �  �¢m�sOopQ/|d¼!À£qzj�sOHKJR�#J�grox|�o¶|tJ�ghP
N,Pdgrsd{aopLOQ�LOj�ÀÁq'JMPRQ/qhPRJ�nr|MPRQ/| �7ghPdq nr|�oxqru sw|�PdsUQ/H/g(Pdqhu$oxqrPO¼ � |MJ�n��h}EHKL$q���nrHKJMP�� oxq � � � �&|�ghL��7|
J�grsUJ!* � ¼ ��� LOjÃJ�ghP3|MPdsUQ�H/ghPd|tj�L$nrq��²oxq²L$qrPIi¶sUQ�uOP �1PRN HRsOH�ghP�HKL$q'J�sOoxqr|�l LOQ�PIJ�grsOqzJ���L�¸OPR} �1LOQ ��|R¼
» opJ�g l�LOQ�PYJ�g�sOqzL$qhP �  �¢m#sOopQ/|toxq²J�ghP � nhPRQ�}O��J�ghP�k 	3f²HRsOq sUu$sOo¶q nr|MPYJ�ghP � nhPRQ�}6LOmrJ�oxl�o �dsUJ�opL$q
sOipuOLOQ/oxJ�grl �hPd|�HKQ/oxN	P��zsUN,LÇ{OPO¼

� 	�� � ���	�
�M; � �����t97�!4:�!�+�

¿Iop{OPdq�J�ghP�Q�PRu$ox|MJMQ�sUJ�opL$q�sOq�� � nhPRQ�}3sOipuOLOQ/oxJ�grl |R� �1P�¸aqhL��(J�grsUJïJ�ghP1HKL$|MJ<LOjhQ�PRu$o¶|MJMPRQ/oxqhu*sOq �  �¢m�sOopQ
�7opJ�g�sOq � �&vÒsOq�� � nhPRQ�}aoxqhu�sOq � �&vÒsUQ/P �hPRJMPRQ�l oxqhP���N'}�J�grP+qbnrl�N	PRQ�LOj
Q�L��7|&sOq��6HKL$ixnrl qr|1oxq
J�ghP�l sUJMQ�o���Q/Pd|Mm,PdHKJ�op{OPdip}O¼!faoxqrHKP&N,LOJ�g�J�ghPtQ/PRu$ox|MJMQ/sUJ�opL$q�sOq�� � nhPRQ�}�ixL$s�� sUQ�P �h}aqrsOl o¶HU�OJ�ghP7l sUJMQ/o �
l�nr|MJ3H/g�sOqhuOP�opJ�|3|/o �RP sOHRHKLOQ �roxqru$ip} JML Pdq�|�nhQ�P�J�ghP�P���HRoxPdqrHK}wLOj&J�ghP |�}b|MJMPdl ¼ v LOQ�P�|Mm,PdHRo��#HRsOixip}O�
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¹<opu$nhQ�P � ¼öV �1Â7ghP3|MPdsUQ/H�g sOipuOLOQ/oxJ�grl �7opJ�g � �&v ¼

�7ghPdqws�l�sUJMQ/o�� Q�PdHKPdop{OPd|Is6gropu$gwipL$s��8�,opJ*l�nr|MJ+P��bm#sOq�� opJ�|�Pdipj � n�oxH�¸aip}²JML6sOHRHKL$l�l�L ��sUJMP�J�ghP�P�� �
HKPd|�|�ox{OP7ipL$s��8¼<» ghPdq�J�ghP7ixL$s�� �hPdHKQ�PdsO|�Pd|R� J�ghP*l sUJMQ/o���|�ghL$nri ��|�ghQ/oxqr¸�opJ�|MPdipj	JML3Q�P���nrHKPtQ�PRu$ox|MJMQ�sUJ�opL$q
sOq�� � nhPRQ�}²HKL$|MJR¼
À£qEJ�grox|�|MPdHKJ�opL$q8� �1P�mrQ�Pd|MPdq'J3J�ghP�l sUJMQ/o�� P��bm#sOqr|�opL$q sOq�� |�ghQ�oxqh¸aoxqhu²l�PdH/grsOq�ox|�l |R¼6Â�ghP�¸OPR}

j�PdsUJ�nhQ�PIoxq�L$nrQ �rPd|�opu$q6ox|!J�g�sUJ1N,LOJ�g6LOm,PRQ/sUJ�opL$qr|�sUQ�P �hL$qhPIoxq�s�j�nrixip} �rox|�JMQ/opN�nhJMP�� j�sO|�g�opL$q8¼�Â�grox|1ox|
l s��hP&m,L$|�|�oxN�ipP!Nb}�J�ghP&PR{OPdq ipL$s�� �rox|�JMQ/opN�nhJ�oxL$q�oxq�sYl sUJMQ/o �	¼ï»EP �hPd|�HKQ/oxN	P�J�ghP �hPRJ�sOo¶ipP���P��bm�sOq�|�opL$q
sOq���|�ghQ�oxqh¸aoxqhu�l�PdH�grsOqrox|�l�|ïn�|�oxqhu7l�sUJMQ/o�� � ��� ��sO|�sOq�P��hsOl�m�ipPO¼ ��� � ��HKLOQ�Q�Pd|Mm,L$q���|ÃJML ��
 � �����$�
sOq���opJ�|<ghPds���qhL �hP&ox| � � � 
 �
�� ¼<»EP�sO|�|�nrl�P�J�grsUJ<J�ghPRQ�P&sUQ�PtHRnhQ�Q/Pdq J�ip}�	 �#m�sUQ�J�opJ�opL$q�|­sOq�� � �rQ�PRm#ixoxHRsO|
oxq�� ��� �Á¼

 
��

�	 	 D�� � � � �~FÃA
	 � � D8A"!��~FÃA
�*P"� m�sUQ�J�opJ�oxL$qr|tsUQ�P3s����hP��²JML ��� � � �7ghPdq²J�grPYP��aox|�J�oxqhu�m�sUQ�J�opJ�oxL$qr|&oxq²J�ghP3l sUJMQ/o ��Q�PdHKPdop{OP�gropu$g
Q�PRu$ox|�JMQ/sUJ�opL$q ixL$s��8¼t»EP��rP��#qhP�sOq � �&v�.Þ|�� $]�a�U�r�����U� ���¢¡$���U� � � � �YsO|+J�ghP�|MPRJ7LOj�m#sUQ�J�opJ�opL$qr|�J�grsUJ
��PRQ�P3ixsO|MJ�s����rP��²JML J�ghP3l sUJMQ/o �	¼�»EP �#Q/|MJ �hPd|�HKQ/oxN	P+J�ghPYP��am�sOqr|�oxL$qzsOipuOLOQ/opJ�grl sOq��²J�ghPdqzP��am�ixsOoxq
L$nhQ �rPd|�opu$q �hPdHRox|/opL$qr|R¼

� » ghPdq�J�grP�Q/PRu$ox|MJMQ/sUJ�opL$q�ipL$s���L$q�sYqhL �hPtoxq�J�ghP�l sUJMQ/o���Q�PdsOH/grPd|�J�ghPtJ�ghQ/Pd|�ghL$i � � ��� LOQ � � ��� �
oxJ �7oxixi,|MPdq��zsOq � � � � �
� ��Q/P � nhPd|�JtJML J�ghP�ghPds�� qhL �rPO� ��� � 
 �
�� �¢fbJMPRm���
7oxqz¹<opu$nrQ�P � ¼ � 	�¼

� Â7ghPYghPds��zqhL �hP �hL$nhN�ipPd|�J�ghPYqbnrl�N	PRQ&LOj­m�sUQ�J�opJ�opL$q�|1JML�S�	 �£�rnhm,L$q6Q�PdHKPdop{aoxqhu�J�ghP#��Q/|MJ&|�nrH�g
Q/P � nhPd|�J�j Q/L$l s�qhL �hP3oxq²J�ghP�HRnrQ�Q�Pdq'J º � �1fbJMPRm�� Ñ 	�¼

� Â7ghP3ghPds�� qhL �hPYJ�ghPdq |MPdq��r|�sOq � � � � � 

�6HKL$l l�sOq�� JML J�grP3qhL �rPd| �7opJ�g²m�sUQ/J�opJ�opL$qzoxq��rP��
j�Q�L$l 	 � � � JML[S�	 � ��oxqrj LOQ/l�oxqhuEJ�ghPdl J�grsUJ6J�ghPR} sUQ�P qhL�� oxq J�ghPwl sUJMQ�o�� sOq�� �7oxixitN,PQ/Pd|Mm,L$qr|�opN�ixP*j�LOQ ��
 � �������¢fbJMPRm���� 	�¼ � sUQ�J�opJ�oxL$qr| 	 � � � JML�S�	 �ïN,PdHKL$l�P�J�ghP3qhP"� º �3¼
� j JMPRQIJ�ghP�m�sUQ�J�opJ�oxL$q P��am�sOqr|�opL$q
���7ghPdqws�qrL �hP�qhPRP��r|*JML�Q�PRu$o¶|MJMPRQ+s6qhP"�>HKL$q JMPdq'JYqrsOl�P�J�grsUJ

HKL$q'J�sOoxqr| ��

�������$�aJ�ghP*Q�PRu$ox|MJMPRQ�oxqhu�qrL �hP �7oxixi���ox|�HKL°{OPRQ ��� � �
grsO|&S�	 �
m#sUQ�J�opJ�opL$qr|d�'sOq���J�ghPdq�|�PdipPdHKJ
L$qhP3JML�Q�PRu$ox|MJMPRQ�J�g�ox|tqrsOl�PO¼ �*PdqrHKPO�#J�ghPYQ�PRu$ox|MJMQ�sUJ�opL$q ipL$s�� o¶|t|�grsUQ�P��zNb}6J�ghP3P��am�sOq��hP��zl sUJMQ�o��	¼
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INC_P_REQ

P −−> 2P

INC_P_CMD

0,0

¹<opu$nhQ�P � ¼ � � � sUQ�J�opJ�oxL$q�P��am�sOqr|/opL$q6P��asOl�m#ipPO¼�Â�ghP � �&v:oxq�opJ�oxsOixip}�grsO|tS�m�sUQ�J�oxJ�opL$qr|�sOq�� � Q/PRm�ixoxHRsa¼
� sUQ�J�opJ�opL$q S�o¶|&J�ghP º ��¼ � j�JMPRQ�P��bm#sOqr|�opL$q8�aJ�ghP3l�sUJMQ/o��6g�sO|&V m�sUQ�J�opJ�oxL$qr|R�asOq��²J�ghP3ixsO|MJtJ%�1L�m�sUQ�J�o �
J�opL$qr|�N	PdHKL$l Pd|tJ�ghP�qhP"� º �3�rsOq�qhLOJ�sUJMP�� nr|/oxqhu�s��hLOJMJMP�� N	L��	¼

ÀÁJ*ox|+oxl�m,LOQ�J�sOq'J�JML6P��bm#ixsOoxq J%�1L �hPd|�oxu$q H/grL$oxHKPd|Ioxq J�ghP�sUN,L°{OP�sOipuOLOQ/opJ�g�lz¼�¹<opQ/|MJR�#J�ghP�Q/PdsO|ML$q
J�grsUJ+J�ghP�ghPds��wqrL �hP�opu$qhLOQ�Pd|*Q�P � nhPd|MJ�|*j Q/L$l qhL$q � º �½m�sUQ�J�opJ�oxL$qr|7sOq��wLOJ�ghPRQ º �½m�sUQ/J�opJ�opL$qr|7J�grsUJ
l s°} sUQ�Q�op{OP ixsUJMPRQ�ox|IJML s°{OL$o � n�qrqhPdHKPd|�|�sUQ/} P��am�sOqr|�opL$q
¼�À �hPdsOixip}O�
s l sUJMQ/o�� |�ghL$nri � P��am�sOq�� L$qrix}
opj7sOi¶i!m�sUQ/J�opJ�opL$qr|�oxq J�ghPzl sUJMQ/o�� Q/PdsOH/g J�ghPdopQ�J�ghQ/Pd|�ghL$i �8��o�¼öPO¼p�1sUQ�Pz|�sUJ�nhQ/sUJMP��8¼ »EP nr|MP6J�ghP���Q/|MJ
��� � � ��� �zj Q�L$l sOq º � m#sUQ�J�opJ�opL$qEsO|YJ�grP�|�opu$qrsOiïJ�grsUJ�s l sUJMQ/o�� ox|YqhPdsUQ�|/sUJ�nhQ/sUJ�opL$q8¼��7P � nrPd|MJ�|
j�Q�L$l qrL$q � º � m�sUQ�J�opJ�oxL$qr|7sUQ�P�qhLOJ7Q/PRmrQ�Pd|MPdq'J�sUJ�op{OP�|�oxqrHKPO�	sOipJ�ghL$nhu$gwJ�ghP�ixL$s�� L$qwJ�ghPdl l�sd} grs°{OP
Q�PdsOH�ghP��(J�ghP�J�ghQ/Pd|�ghL$i �8�­J�ghP²ipL$s�� L$q º �.m�sUQ�J�oxJ�opL$qr|�l�sd} |MJ�oxi¶i�N,P�N,PdipL��CJ�ghP�J�grQ�Pd|�ghL$i �
¼ Â�grox|
ox|*Pd|Mm,PdHRoxsOixip}zJMQ�nhP �*ghPdqwqrP"�½m#sUQ�J�opJ�opL$qr|*sUQ�P ��Q/|MJIs����hP��
¼+Â�grP�ghPds�� qhL �hP�sOHKJ�|3nhm,L$q L$qrix} L$qhP
Q�P � nhPd|MJ�j Q�L$l J�ghP º �Cm�sUQ�J�opJ�opL$q�|�sOq�� |�nhmrmrQ/Pd|�|MPd|3LOJ�grPRQ/|R�<N,PdHRsOnr|MP�oxJ�qhPRP��r|�JML �&sOopJ�n�q J�oxi!J�ghP
qhP"� m#sUQ�J�opJ�opL$qr|tsUQ/P3N,Pdoxqhu�nr|MP��8¼
fbPdHKL$q��8� ��P�oxq�HKQ�PdsO|MP�J�ghP�qbnrl�N,PRQ3LOj&m�sUQ�J�opJ�opL$q�|YoxqEsOq LÇ{OPRQ/ipL$s��hP��(l sUJMQ/o��EsUuOuOQ�Pd|�|/op{OPdip} N'}

�hL$nhN#ixoxqhu�	 �&PR{OPRQ�}EJ�o¶l�PO¼�Â�ghP�Q/PdsO|ML$q ox|3J�grsUJ3J�ghP�HKL$|�J�LOjtgrsd{aoxqhu s l sUJMQ/o�� J�grsUJ�ox|3JML'L |/l sOixi
ox|+|�opu$qro �#HRsOq JR�,|�oxq�HKP�Q�PRu$o¶|MJMQ/sUJ�opL$qr| �7o¶ixi8N,P�Q/P �£PdHKJMP��8¼�GYqwJ�grP�LOJ�ghPRQYgrsOq��8�,J�ghP�HKL$|�J+LOj�grsd{aoxqhu²s
l sUJMQ/o �wJ�grsUJ�o¶|IJMPdl�m,LOQ/sUQ/oxip} ixsUQ�uOPRQYJ�grsOq qhPdHKPd|�|�sUQ�}Eox|Yl L �hPd|�JR�Ãoxq J�grsUJ�oxJ �hL'Pd|YqrLOJ�s���� P��aJMQ/s
Q�PRu$ox|�JMQ/sUJ�opL$q HKL$|MJ ��qhL �rsUJ�s6Q�PRm�ixo¶HRsUJ�opL$q LÇ{OPRQ3J�ghP�qhPRJ%�1LOQ�¸ oxq'{OL$ip{OP��,	��8sOq�� L$qrip} HRsOn�|MPd|Ys²ixoxqhPdsUQ
oxqrHKQ/PdsO|MPtLOj,J�ghP � nhPRQ�}�L°{OPRQ/ghPds�� ��PdsOH/g�m�sUQ�J�oxJ�opL$q�l�n�|MJ�N,Pt{bo¶|�opJMP��,	�¼ �7L��1PR{OPRQ°�asO| �1P �7oxixibP��am�ixsOoxq
qhP��aJR� J�ghP�l�sUJMQ/o��-�7oxixibQ�P��rn�HKP�opJ�|�|�o �RPtJ�grQ�L$nhu$g |�grQ/oxqh¸aoxqhu+opj#opJ�o¶|�JML'L�ixsUQ�uOPtj�LOQ�J�ghP7HKLOQ�Q/Pd|Mm,L$q��roxqhu
Q�PRu$ox|�JMQ/sUJ�opL$q ipL$s��
�hJ�g'nr|7l oxqroxl�o �doxqhu�J�ghP � nrPRQ�}�LÇ{OPRQ/ghPds��8¼


 
��

�� 	 D�� � � � �~FÃA � 
 � �ãA � �~A �
� l sUJMQ�o�� |�ghL$n�i � �hPdHKQ/PdsO|MPd|�J�ghPzq'n�l�N,PRQ�LOj�m�sUQ�J�opJ�oxL$qr|�oxj�opJ�|�Q�PRu$ox|MJMQ/sUJ�oxL$q(ixL$s�� N,PdHKL$l�Pd|�ipL��3�
|�oxq�HKP�l�LOQ�P7m#sUQ�J�opJ�opL$qr|�l PdsOqr|!l�LOQ/P � nhPRQ�}�l�Pd|�|�sUuOPd|�sUQ�P*qrPRP��hP�� j�LOQ1s � nhPRQ�}�J�grsUJ1ox|!|MPdq'J�JML�J�grox|
l sUJMQ/o �	¼�y+qrixop¸OPYoxq²J�grPYP��bm�sOq�|�opL$qzl�PdH�grsOqrox|�l � �7ghPRQ�P3s�qhL �hP3l s°}zox|�|�nhPYsOqzP��am�sOqr|/opL$q²Q�P � nhPd|MJ
�7ghPdqzoxJtP��bm,PRQ/opPdq�HKPd|�gropu$gzipL$s��
�r|�ghQ/oxqr¸boxqru�ox| �rL$qhPYm,PRQ/opL �roxHRsOixip}O¼
fanrmrm,L$|MP � ��� ��qhL�� grsO| 	 �� m#sUQ�J�opJ�opL$qr|d�UsOq���N,PRj�LOQ�P�J�ghPtixsO|MJ<P��bm#sOqr|�opL$q8�OopJ<grs���	 ��m�sUQ�J�oxJ�opL$qr|

� 	 �� �CS�	 � 	�¼ 	 ��o¶|YsOix|MLzP � nrsOi<JMLzJ�ghP qbnrl�N,PRQYLOj�m�sUQ�J�opJ�oxL$qr|Ioxq J�ghP º �Coxl l�P��ro¶sUJMPdip} sUj�JMPRQ3J�ghP
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INC_R_CMD

DUPLICATE

DUP_CONFIRM

INC_R_REQ

DUP_FIN

1,1 2,1 3,1 4,1

1,2 2,2 3,2 4,2

0,0

¹<opu$nhQ�P � ¼�� � ��PRm�i¶oxHRsUJ�opL$q P��bm#sOqr|�opL$q P��hsOl�m�ipPO¼ Â7ghP
� �&v oxq�opJ�oxsOixip}[grsO|6V[m�sUQ/J�opJ�opL$qr|6sOq�� �
Q�PRm�i¶oxHRsa�)�7groxH�g ox|tsOix|ML�J�grP º ��¼rÂ�ghP � �&v Pd|MJ�sUN�i¶ox|�ghPd|�S�Q/PRm�ixoxHRsO|tsUj�JMPRQ7J�ghPYP��am�sOqr|/opL$q8¼

ixsO|MJtP��am�sOqr|/opL$q8¼�Â�ghPYj�L$ixipL��7oxqhu�|MJMPRm#|�sUQ�P�oxq'{OL$ip{OP�� o¶q²m�sUQ�J�opJ�opL$qz|/ghQ/oxqh¸aoxqhuh¼

� º sOH/g qhL �hP�oxqzJ�grP��p�¨�]�­�a�O�]���������O�6LOj�J�grP�l sUJMQ/o �²H�ghPdH�¸a|IopJ�|7s°{OPRQ/sUuOP�Q�PRu$ox|MJMQ/sUJ�oxL$q Q/sUJMP�sOq��
J�grP�q'n�l�N,PRQ3LOjtHKL$q'JMPdq J�qrsOl�Pd|�opJ�grsO|YPR{OPRQ/} �.|MPdHKL$q���|R�­opj�J�ghP�Q�PRu$ox|MJMQ/sUJ�oxL$qEQ/sUJMP�LOQ�J�ghP
qbnrl�N,PRQ!LOj
qrsOl�Pd| �hQ�LOm�|!N,PdipL�� s�ipL�� J�ghQ�Pd|/ghL$i �8� oxJ �7oxixi�ox|�|�nhP�s � � � � �
� ��Q�P � nhPd|MJ�JML�J�ghP
grPds�� qhL �hPO¼�Â�ghP3ipL�� J�ghQ/Pd|�ghL$i �²ox|tJã}'m#oxHRsOixip}6s |�l sOixi,j�Q/sOHKJ�opL$q LOj � � � �YLOQ
�����3¼

� Â7ghP+grPds��6qrL �hP+sUu$sOoxq²sOHKJ�|&L$q6L$qrip}�L$qhPY|�nrH�g�Q/P � nhPd|�J#��opJ1|MPdq��r|&s � ��� ����� � HKL$l�l sOq��6JML
sOi¶i<J�ghP qhL �hPd|Yoxq J�ghP ixsO|MJIm�sUQ/J�opJ�opL$qEsOq��EsO|M¸a|YJ�ghPdl JML JMQ/sOqr|Mj�PRQYJ�ghPdopQ3qrsOl Pd|YHKL$q J�sOoxq�oxqhu
��
 ������� JMLEJ�grP qhL �rPd| oxq(m�sUQ�J�opJ�oxL$q 	 �� � 	 �£¼ ¹rLOQ�P��hsOl�m�ipPO��� � ���� 
 � �� |�Pdq��r|�opJ�|�qrsOl Pd|�JML
� ��� ���� � � 
 � �� ¼

� � j�JMPRQ7sOixi,J�ghPYJMQ/sOq�|Mj PRQ�|tsUQ�P3HKL$q)��Q/l P��8�hJ�ghP3ghPds��zqhL �hP#�7oxi¶i	o¶qhj LOQ�l.qrL �hPd|to¶q�m#sUQ�J�opJ�opL$q 	 ��
J�g�sUJ�J�grPR} grsd{OPIN,PRPdq�Q/Pdl�L°{OP��²j�Q�L$lCJ�ghP+l�sUJMQ/o��,¼(�*L�� m�sUQ/J�opJ�opL$q 	 �� � � N,PdHKL$l�Pd|�J�ghPIixsO|MJ
m#sUQ�J�opJ�opL$q8�#sOq�� J�ghP�ghPds�� qhL �rP �hPdHKQ�PdsO|MPd|*J�ghP�|�o �RP�Nb} � � 	 �� � 	 �� � � ¼*k�LOQ�Q/Pd|Mm,L$q��roxqhu$ix}O�
J�grP�|�o �RPYLOj<J�ghP3HRnhQ/Q�Pdq J º � ox|7sOix|ML�Q�P��rn�HKP��zN'} � ¼

» ghPdq sOixi<J�grP�m�sUQ�J�opJ�opL$q�|Yoxq J�ghP HRnhQ�Q/Pdq J º � sUQ�P�Q�Pdl L°{OP��8�<sOq�� J�ghP qbnrl�N	PRQYLOj�m�sUQ�J�oxJ�opL$qr|
�hQ�LOmzN#sOH�¸²JML�	 �£�hJ�ghP3grPds�� qhL �hPYoxqhj�LOQ/l |�J�ghPYm�sUQ�J�oxJ�opL$qr|&j�Q�L$l�� � ��	� J�ghQ/L$nhu$g 	 �ïJ�grsUJ�J�grPR}6qhL��
N,PdipL$qhu JML J�ghP²qhP"� º �3¼ ��} HKL$ixixsUm�|/oxqhuzJ�ghP²l sUJMQ/o�� L$qrP�m�sUQ�J�oxJ�opL$q sUJ�s J�o¶l�PO�(�1P6JMQ�}EJML ¸OPRPRm
J�ghP�l sUJMQ/o�� ipL$s�� N�sOixsOqrHKP��8�	sOq�� J�grP�ixoxqrPdsUQ �hPdHKQ�PdsO|�P�HKL$nhm�ixP��/�7opJ�g J�ghP�l�nripJ�opm#ixoxHRsUJ�op{OP3oxq�HKQ�PdsO|MP
mrQ�PR{OPdq'J�|�J�grP3l sUJMQ/o��z|�o �RPYj�Q�L$l L$|�HRo¶ixixsUJ�oxqhuh¼


 
��

�
 � � � ��� �aD � �~FÃA
	 � � D8A"!��~FÃA
�*P"� Q�PRm�i¶oxHRsO|�sUQ�P�s����hP�� JML�J�ghP�l sUJMQ/o ���7grPdqzJ�ghP � nhPRQ�}zipL$s�� LOjïJ�grP�l sUJMQ/o��zoxqrHKQ/PdsO|MPd|R�#|/oxl oxixsUQ
JML�ghL�� m�sUQ�J�oxJ�opL$qr|!sUQ/P+s����rP��8¼�Â�ghP7P��am�sOqr|/opL$q Q�PRu$oxL$q�ghPRQ/P*Q�PRj�PRQ/|1JML�J�grP*Q�PRm#ixoxHRsO|�J�g�sUJ ��PRQ�PIixsO|MJ
s����hP��
¼�Â�grPYQ�PRm�ixoxHRsUJ�oxL$qzP��bm#sOqr|�opL$q o¶| �hL$qhP�sO|*j�L$ixipL��*| ��¹<opu$nhQ�P � ¼�� ox|�sOq P��asOl m�ipP�|�grL��7oxqru J�ghP
|MJMPRm�|7oxq {OL$ix{OP��8¼

� » ghPdq[sEqhL �hPzoxq(J�ghP º � LON�|MPRQ�{OPd|�oxJ�| � nhPRQ/} Q/sUJMPzQ�PdsOH�ghPd| ��	Ç�1opJ�|MPdq��r|�sOq ��� � � ��� �
Q/P � nhPd|�J�JML J�ghP3ghPds��wqhL �hP �¢fbJMPRm�� 
7oxqz¹<opu$nhQ�P � ¼�� 	�¼



� � ��� �*� ��
 � ��� �!� ��� � � ������
�� � ���!� ��� ��� ����� ���

� y*m,L$q6Q�PdHKPdop{aoxqhu�|�nrH/gzs�l�Pd|/|�sUuOPO�rJ�ghPYghPds��zqhL �hPIox|�|�nrPd|�sOq ��� � � � 
��6HKL$l l sOq��²JML�PdsOH�g
qrL �hP�oxq J�grP ixsO|MJIQ�L�� LOj1J�ghP º �3�
sO|M¸aoxqhu²J�ghPdlÒJMLzQ�PRm�ixoxHRsUJMP�J�ghPdl�|MPdip{OPd| �¢fbJMPRm � Ñ 	�¼�»EP
HRsOi¶i8J�ghPd|MP�qrL �hPd|&J�grP3Q�PRm�ixo¶HRs�o¶qropJ�oxsUJ�oxqru�qhL �hPd|R¼

� Â7ghPtQ�PRm�ixo¶HRsUJ�opL$q�ox|�sOix|�L �hL$qhP�l�nripJ�opm#ixoxHRsUJ�op{OPdip}�JML�sOixipL�� J�ghP7l sUJMQ�o���P��am�sOq�� JML�s3ixsUQ�uOP*|�o �RP
JML sOHRHKL$l l�L �rsUJMP � nhPRQ/} ipL$s��
¼ � qhL �hP J�grsUJ3Q/PdHKPdop{OPd|�J�grP � � � � � 

� l�Pd|�|/sUuOP6|MPdq��r|3s
HKLOmb} LOj!J�ghP�qrsOl�Pd|+HKLOQ�Q�Pd|Mm,L$q��ro¶qhu JML ��

��������o¶q opJ�|IqrsOl�P �rsUJ�sUN�sO|�P�JML²J�ghP�qhP"�7ix} s����hP��
qrL �hPd|!oxq opJ�|1HKL$ixnrl q8¼<¹hLOQ1P��asOl�m#ipPO�'qhL �hP � � � 
 � � �� �7oxixia|MPdq�� opJ�|!q�sOl�Pd|�JML�qrL �hPd| ��� � 
 � ��� � ��
J�grQ�L$nhu$g � � � 
 � � � �� �¢faJMPRm � � 	�¼�Â7ghP*qhP"� qhL �hPd|1J�ghPdq²|MPdq���s�HKL$q)��Q�l sUJ�opL$q6l�Pd|�|�sUuOPIN�sOH/¸ JML
J�grP�oxqropJ�o¶sUJ�oxqhu�qhL �rPd|tsUj JMPRQ*J�ghPR}²Q�PdHKPdop{OP3J�ghP�qrsOl�Pd|��¢fbJMPRm�� Ô 	�¼

� GYqrHKPYHKL$q)��Q/l�P��
�bJ�grP+Q/PRm�ixoxHRs�oxqropJ�o¶sUJ�oxqhu�qrL �hPd|t|�Pdq�� ����� � � �6l�Pd|�|�sUuOPd|tN#sOH�¸6JML�J�ghPYghPds��
qrL �hP�JML6oxq��roxHRsUJMP�sOixiÃJ�ghP�Q/PRm�ixoxHRsO|�sUQ/P�oxq m�ixsOHKP��¢faJMPRm ���-	�¼7Â�ghP�ghPds��wqrL �hP�J�ghPdq �rL$nhN�ipPd|
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�x@a}'\yf�@�@a}"K u VXS"@`\�i+@�N�@OUIVXHJ\JN=K1\�VAFISpEG@ON [ FTN u KTS+_a@TY | S,\�i+VXHMHJ@O\yF [ @a}'EG@ONRV u @eSb\�H m f�@ 0+},\�i"@
N�@OUIVXH�\JNRK1\�VAFIS<NRK1\J@�KTS�d<w�K1N�P)\�i"@{L'D"@ON�PsN=K1\J@ [ NRF u "�D D � A 
 
��{\JF 6	D D D � A 
 
�� m KTS+dW\�i"@�L'D"@ON�P�NRKTS"UT@
��� � �	D:Y , VAUID"NR@~�"Y "7:yH�i"F�fxHv\�i"@nKewT@ONRK1UT@�SoD u ?G@ON�F [ N�@OUIVcHJ\JNRK1\�VAFIS u @eHRH�K1UT@eH{S"@O@ed"@ed [ FTN�@eKT_=i
N�@OUIVXH�\JNRK1\�VAFISyKTHz\�i+@�LoD+@ON�P)N=K1\J@�VXS+_aN�@eKTH�@eHOY

, FTN�^AF$f L'D"@ON�Py^XFIKTd m KT^X^�\�i"@ : B:> _OKTHJ@eHvD+HJ@ u FTN�@�N�@OUIVcHJ\JNRK1\�VAFIS u @eH�H�K1UT@eH�\�i+KTS : F'FT\ 
vS+^AP m
?G@e_OKTD+HJ@<\�i"@OP i+KewT@W\JF`NR@OUIVXHJ\J@ON fhVX\�itKT^c^ � ^X@OwT@e^XHOY���H]\�i"@yL'D"@ON�P2^XFIKTdgVXS+_aN�@eKTHJ@eH m \�i"@W_aFIHJ\ F [
: F'FT\ 
vS+^AP�UTN�F�fxH�^XVcS"@eK1NR^APCKTS+d2VX\�?G@e_aF u @eH�\�i"@sf�FTNRHJ\�E�@ON [ FTN u @ONeYMB'\�K1\�VX_ : B:> EG@ON [ FTN u H�\�i"@
?G@eHJ\OY�>hi"@{N�@eKTHJFIS�VXHz\�i+K1\ [ FTNxi+VAUIiyL'D"@ON�P<^AFIKTd m \�i+@�N�@OUIVXH�\JNRK1\�VAFISy_aFIHJ\xF [��!, �����]VXHrd"F u VXS+K1\J@ed
?'P�\�i"@)SoD u ?G@ON�F [ N�@OE�^XVX_OKTH�KT^XFIS"U8. ,�� % � � � Y : @e_OKT^X^ [ N�F u B'@e_a\�VAFIS`�"Y��'Y76y\�i+K1\�\�i"@	��
 9 

� ����� 
{F [
KTStKT^AUTFTNRVA\�i u VXS+d+Vc_OK1\J@eH�i"F$f f�@e^X^�K�L'D"@ON�P u K1\�_Ri+@eH]\�i"@)S"F:d"@eH�\�i+K1\~K1NR@s?G@eVXS"UML'D"@ONRVX@ed YW>ri"@
��
 9 

� ����� 
rF [ \�i"@eHJ@�KT^AUTFTN=VA\�i u HzK1N�@�VXS<\�i"@ [ FI^X^AF�fxVXS"U]FTNRd"@ON �

�������� ���� B�� 1 � ����� � 
 � 1 � ����� �! � 1q�#" �  �#��� B�� �
� �    ��� ����� � " 9
, FTN�^XF�f N�@e^X@Ow�KTS+_a@nKT^AUTFTN=VA\�i u H�H�D�_Ri`KTH : FoFT\ 
vS�^APMKTS+d : B:> � " � m L'D"@ONRVA@eHvK1N�@ _aFIS�_a@eSb\JNRK1\J@ed�K1\
KyH u KT^X^ SoD u ?G@ON�F [ S"F:d"@eH�fhVA\�i`^cK1N�UT@nNRKTS"UT@eH�KTS+d`\�i+VXH�_OKTD+HJ@eH{\�i+@ u \JFyN�@OE�^cVX_OK1\J@nF [ \J@eS
Y)��H�K
N�@eH�D�^A\ m \�i+@xN�@OUIVcHJ\JNRK1\�VAFIS�_aFIHJ\zVXS+_aN�@eKTH�@eH�NRK1E�VXd+^AP m H�VXS+_a@�K�N�@OUIVcHJ\JNRK1\�VAFIS u D�HJ\�UTF]\JF]KT^X^�N�@OE�^XVX_OKTHeY | S
_aF u E�K1N=VXHJFIS m VcS�B'\�K1\�VX_ : B:> � � � " � m \�i"@)LoD"@ONRP�^AFIKTd�VXH�HJE+NR@eKTd`FID"\{\JF�S"F'd+@eH{VXS u KTSoP`^AF�f�@ON
^A@OwT@e^XH m KTS+d�\�i"@nSoD u ?G@ONvF [ N�@OE�^cVX_OK1\�VAFIS+H�VXS�\�i"@nHJP:HJ\J@ u VXH u VXS�V u VA�O@ed m fhi+VX_=i�\JNRKTS+H�^XK1\J@eH�VcSb\JFWK
^AF$f N�@OUIVXHJ\JN=K1\�VAFIS _aFIHJ\OY���@O\�f�@O@eS : B:> � 6 � KTS+d)B'\�K1\�VX_ : B:> m : B:> � 6 � i+KTH�K�H u KT^X^A@ON NR@e^A@Ow�KTS�_a@hKTS+d
N�@eH�D�^A\�H�VXS u FTN�@vN�@OE�^XVX_OK1\�VXFIS+H�D�S+d"@ON�i+VAUIi<^AFIKTd m KTS+d<KTHzH�i"F$f VXS , VXUID"N�@v�"Y "7: m VA\�H�EG@ON [ FTN u KTS+_a@vVXH
KT^XHJFnf�FTNRHJ@�\�i+KTS�B'\�K1\�VX_ : B:>�Y
| S)HRD u u K1N�P m \�i"@{B'\�K1\�VX_ : B:> u @e_=i+KTS+VXH u E+N�F$w'Vcd"@eH�\�i"@�?G@eHJ\�EG@ON [ FTN u KTS�_a@ [ FTN�?GFT\�i�LoD+@ONRVA@eH

KTS+dMN�@OUIVXHJ\JNRK1\�VXFIS+HhD+S�d"@ONri+VAUIiy^XFIKTd Y 0 F$f�@OwT@ON m fhi+@eSW\�i"@�^XFIKTdMVXHr^XF�f m VA\hVXHrHRD"?GFTE+\�V u KT^ VXSy\�i+K1\
VA\zVXH�f�FTNRHJ@�\�i+KTS<\�i"@ : FoFT\�
vS�^APsKT^AUTFTNRVX\�i u Y >ri"@eHJ@vN�@eHRD+^A\�H�K1N�@{_aFIS+H�VcHJ\J@eSb\zfxVA\�i�FID"NzKTS+KT^AP:H�VXH�VXS
B'@e_a\�VAFISy�"Y76'Y
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Range length

Root only 2000 reg/sec
Static RST 2000 reg/sec

Dynamic RST 2000 reg/sec
Root only 25 reg/sec

Static RST 25 reg/sec
Dynamic RST 25 reg/sec

Leaf only (both rates)

, VAUID"NR@��"Y " � � �vD"@ONRP�_aFIHJ\hw'HOY : KTS"UT@�^A@eS+UT\�i Y

/10�
40	� 
�:=; @ > ;�� < � � : >.@ ¿ � �1< � � � � 
 �

�x@a}'\ m f�@W@Ow1KT^XD+K1\J@M\�i"@WEG@ON [ FTN u KTS+_a@<F [ \�i"@ = P:S+K u VX_ : B:> d"@eH�VAUIS
Y , FTNs\�i"@WN�@eH�D+^X\�HnVXSt\�i+VXH
HJ@e_a\�VAFIS m f�@MD+HJ@M\�i"@WN�F'FT\s^A@OwT@e^rKTHs\�i"@Md"@ [ KTD+^A\n?�KTS�d m KTS+d f�@y\�K�-T@ u @eKTH�D"NR@ u @eSb\�H)K [ \J@ON)\�i"@
S"@e_a@eH�HRK1N�Pk?�KTS+d,KTd+K1E+\�K1\�VAFIS+HMi+KewT@2_aF u E�^A@O\J@ed Y �`@ 0�NRH�\)@Ow1KT^XD+K1\J@�\�i+@CL'D"@ON�PkEG@ON [ FTN u KTS+_a@ m
fhi+Vc_RiMd+@OE�@eS�d+HrFIS�\�f�F [ KT_a\JFTN=HH�r\�i"@]LoD+@ON�PWNRKTS"UT@]^A@eS"UT\�i�KTS+d�\�i"@�NR@OUIVXHJ\JNRK1\�VAFIS�^AFIKTd Yx�`@]\�i"@eS
@Ow1KT^XD+K1\J@{\�i"@�N�@OUIVXHJ\JNRK1\�VXFIS<E�@ON [ FTN u KTS+_a@ m fhi+VX_=iyd"@OEG@eS+d+H�FISW\�i+@�LoD+@ON�P�^XFIKTd Y
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, VAUID"NR@W�"Y " � H�i"F$fhHn\�i"@yK�wT@ONRK1UT@CSoD u ?G@ONnF [ L'D"@ON�P u @eH�HRK1UT@eHsKTH K [ D+S+_a\�VXFIS F [ \�i"@�LoD"@ONRP
NRKTS"UT@TY | S2\�i+VcH�HJ@O\~F [ @a}:EG@ONRV u @eSo\�H m f�@ 0�N=HJ\�VXS ��@e_a\~KMN�@OUIVcHJ\JNRK1\�VAFISt^AFIKTd VXSo\JF�\�i"@<HJP:HJ\J@ u KTS+d
\�i"@eS�VXH�H�D+@{K)L'D"@ON�PW^AFIKTd�fhVA\�iWN=K1\J@]�	D D � A 
 
���Y | Sy@eKT_=i�@a}'EG@ONRV u @eSb\ m \�i"@�NRKTS+UT@�^A@eS"UT\�i�HhK1N�@~\�i"@
H�K u @ m KTS+dCKT_aN�FIH�H�@a}:EG@ONRV u @eSo\�H m \�i"@]NRKTS"UT@nw1K1NRVA@eH [ N�F u [ NRF u " � EGFIVXSo\�LoD+@ON�P � \JF "�D D � 6	D+E F [
\�i"@Wd"F u KTVcS � YC�`@yD+HJ@�\�f�F`N�@OUIVXHJ\JNRK1\�VXFISt^XFIKTd+H~fhVA\�it^AF�f � � 6���
.� A 
 
 � � KTS+d i+VAUIitK1N�NRVAw1KT^�N=K1\J@eH
� �	D D D1��
.� A 
 
�� � Y
�,VA\�iM^XF�f N�@OUIVcHJ\JNRK1\�VAFIS�^AFIKTd m \�i"@�N�FoFT\x^A@OwT@e^ � KTS+d�KT^X^ FT\�i"@ON�^A@OwT@e^XH m V [ \�i"@OPWK1N�@�D+HJ@ed m @TY U"Y m VXS

\�i"@ B'\�K1\�VX_ : B:> � i+KTH�FIS+^AP "�E�K1N�\�VX\�VAFIS Yx>hi"@ : FoFT\�
vS+^XP<KTS�d = P:S+K u VX_ : B:> d"@eH�VXUIS+HrEG@ON [ FTN u
\�i"@�?G@eHJ\ m H�VcS+_a@h\�i"@OPsfhVX^X^���D+HJ\�D+HJ@x\�i"@hN�F'FT\ [ FTN�KT^X^�LoD"@ON=VA@eHOY�>ri"@vB:\�K1\�VX_ : B:>qd+@eH�VAUIS�VAUIS"FTN�@eH�\�i"@
^AFIKTdtHJ\�K1\�D+H]KTS+d�KT^Af�K�P'H]d"@e_aF u E�FIH�@eH�\�i"@<L'D"@ON�P�VXSo\JF�^AFTUIK1N=VA\�i u VX_sSoD u ?G@ON�F [ H�D+?"��LoD+@ONRVA@eH m HJF
\�i"@~SoD u ?G@ONrF [ L'D"@ON�P u @eH�H�K1UT@eH�UTN�F$f ^XFTUIK1NRVA\�i u Vc_OKT^X^AP�fhVA\�iW\�i"@�NRKTS"UT@~^A@eS"UT\�i Yz>ri"@ 9 @eK [ 
vS�^AP
VXH�\�i"@�f�FTNRH�\hKT^AUTFTNRVA\�i u m KTS+dW\�i"@�_aFIH�\rUTN�F�fxHh^XVXS+@eK1NR^AP fhVX\�i<\�i"@�NRKTS"UT@TY

��S+d"@ON�i+VAUIinN�@OUIVcHJ\JNRK1\�VAFIS)^AFIKTd m : FoFT\�
vS+^AP~EG@ON [ FTN u H EGF'FTNR^AP m HRVXS+_a@hVANRN�@eHJEG@e_a\�VAwT@zF [ \�i"@xNRKTS"UT@
^A@eS"UT\�i m :�� LoD"@ONRP u @eH�HRK1UT@eHhK1N�@{S"@O@ed+@ed [ FTNrKT^c^ LoD"@ON=VA@eH � \�i"@�N�F'FT\r^A@OwT@e^
i+KTH :��sE�K1N�\�VA\�VAFIS�H�D�S+d"@ON
\�i+VXH<^AFIKTd � Y | S
\�i"@ 9 @eK [ 
vS+^XP _OKTHJ@ m \�i"@`SoD u ?G@ON)F [ LoD+@ON�P u @eH�HRK1UT@eHyK1UIKTVXS,UTN�F$fhHW^XVXS"@eK1N=^AP
fhVA\�iC\�i+@nNRKTS"UT@s^A@eS+UT\�i m H�VXS+_a@ S+FWE�K1N�\�VA\�VAFIS�Hvf�@ON�@ _aNR@eK1\J@ed2K1\{\�i"@ ^X@eK [ ^A@OwT@e^ZY >ri"@)B'\�K1\�VX_ : B:>
K1E+E+NRFIKT_Ri)UTN�F�fhH [ KTHJ\J@ON�\�i+KTS)^XFTUIK1NRVA\�i u Vc_zd+D"@r\JF~\�i"@hE�K1N�\�VA\�VAFIS+H�_aN�@eK1\J@ed<K1\�i+VXUIi"@ON�^A@OwT@e^cH m ?�D+\�VA\
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Registration rate (reg/sec)

Root only
Static RST-20

Static RST-100
Dynamic RST-100

Dynamic RST-20

, VAUID+N�@��"Y " � � �vD+@ON�P�_aFIH�\rw'HeY : @OUIVXH�\JNRK1\�VAFISy^AFIKTd
Y

HJ\�VX^c^"N�@eL'D+VAN�@eH [ K1N [ @Of�@ON�LoD"@ONRP u @eH�H�K1UT@eH�\�i+KTS : F'FT\�
vS�^APTY >ri"@ = P:S+K u VX_ : B:>kd"@eH�VAUIS)V u E+N�F$wT@eH
EG@ON [ FTN u KTS+_a@ [ D"NR\�i"@ONhH�VXS�_a@�VA\�d"Fo@eH�S"FT\�S"@O@edM\JF<d"@e_aF u EGFIHJ@�\�i"@]LoD"@ONRP<KT^c^
\�i"@~f�K�Py\JF�\�i"@�^A@eK [
^A@OwT@e^8Y 
 [ _aFID"N=HJ@ m V [ \�i+@{LoD"@ONRPsNRKTS"UT@�VXH�\�i"@ [ D+^X^�d"F u KTVXS m ?GFT\�iMB'\�K1\�Vc_ : B:>pKTS+d = P:S+K u VX_ : B:>
fhVX^c^+d"@OUT@eS"@ONRK1\J@vVXSo\JF�\�i+@ : F'FT\ 
vS+^AP m H�VXS+_a@�D+H�VXS"U�\�i"@hN�F'FT\�^A@OwT@e^�S+F'd"@eH�\JF~N�@eHJFI^AwT@�K [ D+^X^+d+F u KTVXS
L'D"@ON�P<VXH�\�i"@ u FIH�\z@	�)_OVA@eSo\rf�K�PTY

�
� � ��%'& � ��%'&$./��&102���
	I%��
� � &�% �����O!�&��"!$�����
(����+*
��H�VXS"Us\�i"@�H�K u @~HJ@O\�D+E m , VAUID"NR@{�"Y " � _aF u E�K1N�@eH�\�i"@�L'D"@ON�P<EG@ON [ FTN u KTS+_a@�KTHh\�i"@�N�@OUIVXHJ\JN=K1\�VAFIS

^AFIKTd VXS+_aNR@eKTHJ@eHOY��`@<D�HJ@)\/f�F`L'D"@ON�P2^XFIKTd+H m fhVA\�itKMN=KTS"UT@W^A@eS"UT\�i�F [ �	DCKTS+d "�D D�NR@eHJEG@e_a\�VAwT@e^APTY
>ri+VcH�E�^AFT\�VXH�VXSs^AFTU1��^XFTU~H�_OKT^X@x\JF]K u E�^XV [ P]\�i"@vd+V��G@ON�@eS+_a@eH [ FTNz^AF$f
^AFIKTd�HOY = P'S+K u VX_ : B:>qd"F'@eH�\�i"@
?G@eHJ\rVXSyKT^c^
_OKTHJ@eHOY | SyE�K1N�\�VX_OD+^cK1N m VA\z\JNRKT_ -'Hx\�i"@ : FoFT\ 
vS+^AP�_OKTHJ@�fhi+@eSW\�i"@�^AFIKTd�VXHr^AF$f ?'P�D�H�VXS"U
i+VAUIis^A@OwT@e^+S"F:d"@eH�KTS�dn?oPnK�wTFIVXd+VXS"U�D+S+S"@e_a@eH�HRK1N�P~d+@e_aF u EGFIH�VA\�VAFIS Y | \ u VAUTN=K1\J@eH�\JF�f�K1NRd+H�KTS+d H�\�KeP:H
D+S+d+@ONz\�i"@�B'\�K1\�VX_ : B:>p_OD"N�wT@�KTHr\�i"@{^AFIKTdMVXS+_aN�@eKTHJ@eHeY

��%���� �e!�&$�+!$����� � %'&$./��&102���
	I%
, VAUID"N�@n�"Y " � _aF u E�K1NR@eH{\�i"@sK�wT@ONRK1UT@WSoD u ?G@ON�N�@OUIVXH�\JNRK1\�VAFIS u @eH�H�K1UT@eH�S+@O@ed"@ed2KTH�LoD"@ONRP�^AFIKTd�VXS:�
_aN�@eKTHJ@eHeY�>hi"@�@a}:EG@ONRV u @eSo\�KT^bHJ@O\�D+E~VXH�\�i"@�H�K u @�KTH�fxi+K1\�f�KTH�D+HJ@ed [ FTN , VAUID"N�@��"Y "7:xVcS{\�i"@�E+N�@Ow:VAFID+H
HJ@e_a\�VAFIS m KTS+dy\�i+@�LoD+@ON�P)N=KTS"UT@�VXHh�	D:Y�>ri"@�\/f�F<_OD"N�wT@eHx_aFTN�N�@eHJEGFIS+d�VXS"U~\JF<B'\�K1\�VX_ : B:> KTS�d : F'FT\

vS+^XPMK1N�@n\�K�-T@eS�d+VXN�@e_a\�^AP [ N�F u , VAUID"N�@ �"Y "7:'Y = P'S�K u VX_ : B:> EG@ON [ FTN u H�\�i"@]?G@eHJ\ [ FTN�?�FT\�iC^AF$f
KTS+d`i+VXUIi`LoD"@ONRP�^AFIKTd Y]�,i"@eS`\�i"@ L'D"@ON�P�^AFIKTd`VXH�^AF$f � "�D D � A 
 � m \�i"@nN�F'FT\{S"F:d"@ _OKTS`N�@eH�FI^AwT@ KT^X^
L'D"@ONRVA@eH�fhVA\�i+FID"\�i+Kew:VXS"U<\JFWN�@OE�^cVX_OK1\J@ m KTS+dC\�i"@n?�KTS�d�H�\�KeP:H{K1\�\�i"@nN�F'FT\{^A@OwT@e^8Y~�xH{K�N�@eHRD+^A\v\�i"@
_aFIHJ\ [ FTNhKnNR@OUIVXHJ\JNRK1\�VAFISMVXH "{KTS+dyVX\rVXHzHJ@eSo\r\JF \�i"@{NRFoFT\r^A@OwT@e^ZY = P'S+K u VX_ : B:>,?G@ei+K�wT@eHr\�i"@�H�K u @
KTH]\�i"@ : F'FT\ 
vS+^AP�_OKTHJ@TY | S _aFISb\JN=KTHJ\ m VXS�\�i"@MB'\�K1\�VX_ : B:> m K�N�@OUIVXH�\JNRK1\�VAFISti+KTH~\JF�UTFC\JF`KT^X^ �
^A@OwT@e^XHxN�@OUIK1NRd�^A@eH�H�F [ \�i"@]LoD+@ON�Py^AFIKTd Yv�xH�\�i"@]L'D"@ON�Py^AFIKTdCVXS+_aNR@eKTHJ@eH m \�i"@�NRFoFT\�^A@OwT@e^�S"F:d"@~H�\�K1N�\�H
\JF N�@OE�^XVX_OK1\J@ m KTS+dy\�i"@�_aFIHJ\xF [�: FoFT\ 
vS+^AP�VXS+_aN�@eKTHJ@eHh^XVXS"@eK1NR^XPTY 0 F$f�@OwT@ON m [ FTNr\�i"@ = P:S+K u VX_ : B:> m
\�i"@�?�KTS+d)UTN�F�fxH�d+F�fhSof�K1N=d+H�fhi"@eS)\JFTE<^X@OwT@e^�S"F:d"@�FT?�HJ@ON�wT@eH�i+VXUIis^AFIKTd m KTS+d�KTH�K�NR@eH�D+^A\ m LoD+@ONRVA@eH
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Root Only
Static RST

Dynamic RST
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Query Number (x50)

r_q = 200 q/s  T = 0 ms  
r_q = 200 q/s  T = 200 ms
r_q = 200 q/s T = 2000 ms
r_q = 200 q/s T = 5000 ms
r_q = 20 q/s  T = 5000 ms
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g VAU�h2i j ! Y���� # pxl {Xj y �8l"!$# j v y%! j(s Y

4�,�� ,�� &D=('*)8/ = / 3>4)?'40782>3,+ 7.-"/10*-2- 7C2>3

3 j(q�j({ y p5476Xy98 j % n j({;: l	v98=< � �2> n i:r���j(q y n i:r n r v j v y@? rMs�VBA3j$i:j({ y m r�s2j pxv u4r	i ! h+V p s�Vx{"UIs+V v y iRV ! h y j(s
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� y v y98 j s2j v q�iRV nXy Vzr�{ r	u 8 r ? % n j({;: l	v98 V v h v j(s y r
v h nbn r	i y l sKM l {Xq�j(s l�nXnbp Vxq l�y Vxr�{ v n j$i u j(q y p]4 Y^\a{`r�hXi q l	v j 6 �
CIw<V v l {_H l s1M l {Xq�j(s l�nbnbp Vxq l�y Vzr�{;J'r	u
% n j({K: l	v98 Y # 8 j �
CIw n i:rTU	i l	m {2j$j(s v y r ! j q�r"E p r-q l�y j(s ? V y98My98 j % n j({K: l	v98Mn i:rTU	i l	m r�{ j l q 8
{2r�s2j y98Xl�ytnbl i y V qOV nbl�y j v Vx{ y98 j*��CtwB{Xj y.? r	i P Y #�8 j % n j({K: l	v`8\n i rTU	i l	m m h v ytnbl	v:v^y98 j*�
CIw
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v r	u y.? l i j q l { ? r	i P
jkA>j(q y V5M	j p54 r�{ y98 jN\a{ y j$i:{2j y l q�i r v v�8 j y j$i rTU	j({2j$r�h v�8 r v y v Y^: j$i j ? j n i j v j({ y v r m j i j n i j v j({ y l�y V5M	j
i j v h pzy v y98Xl�y s2j m r�{ v y i l�y j y98 jIjkA3j(q y V]M	j({2j v v r	u y98 jIs�V v y iRV ! h y j(s p r l s !bl	pxl {bqOVx{"U m j(q 8bl {+V v m Y

\�{ y98 j �bi v y j k-n j$iRV m j({ y�67? j l	v v VAU�{Mr�{2j {2r�s2j�� l {2r�s2j p r-q l�y j(s l�y ��� � � l s l�y l � p jzVx{ ?�8 V q 8
l	pxpGy98 j q�r�{ y j({ y { l	m j v v98bl i jIr�{2j q�r m m r�{$l ��E n l VzieY # 8 V v {2r�s2jti jOUIV v y j$i v y98 j v j'{ l	m j v r�{Xj ! 4
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nbl i y V y Vzr�{ v y r 8 r v y y98 V v i jOUIV v y i l�y Vzr�{ p r l s Y

g VAU�h2i:j ! Y � v98 r ? vty98 j i jOUIV v y i l�y Vxr�{�i l�y jMr !bv j$i9M	j(s�r�{�j l q 8Pn l i y V y Vzr�{\r	u y98 j mMl�y i=V k q�r	i:i jkE
v n r�{Xs+V {"U y r y98 V v q�r m m r�{ nbl Vzi l	v y V m j n i r�q�j$j(s v Y � l q 8 {2r�s2j v j y v h n l i jOUIV v y i l�y Vxr�{ y98 i:j v98 r p s
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� ������� Y # 8 j mMl�y iRV k\v y l i y v ? V y98 � n l i y V y Vzr�{ Y�l vIv98 r ? {`Vx{ y98 j ��U�h2i j 6�y98 joi l�y j
r !bv j$i`M	j(sMr�{ y98 V vQnbl i y V y Vzr�{nV v l"! r�h y � ��� ���
� ������� 62m hbq 8 8 VXU 8 j$i y98Xl { y98 j y98 i j v98 r p s Y�l v l i:j v h pzy�6
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l u y j$i y98 j mMl�y iRV k j k�nbl {Xs v y r p nbl i y V y Vxr�{ v�6 j l q 8fn l i y V y Vzr�{"r !bv j$i9M	j v^v V m V pxl i i jOUIV v y i l�y Vzr�{fi l�y j 6
l {Xs y98 jeVzi�Vx{Xs�V5M'V sXh l	p8p r l s�i j mMl Vx{ v hX{Xs2j$i y98 j y98 i j v98 r p s Y # 8 V v ��U�h2i j V v q�r�{ v V v y j({ yD? V y98 r�h2i
v V m h pxl�y Vxr�{ i:j v h pzy v V { g VXU�h2i j � Y � n 6 ?
8 j$i jI{2r�s2j v l i j 8 r m rTU	j({2j$r�h v Y

\�{ y98 j v j(q�r�{Xs j k�n j$iRV m j({ y�6K? j 8Xl M	j y98 j ��� � {Xr-s2j{V v v h2j l v j y r	uQ[-h2j$iRVzj v y98bl�y v98Xl i:jIr�{2j
l ��E nbl Vxi 6 l {bs l	v l i:j v h pzy�6 y98 j v j [�h2j$i=Vzj v m h v yh! j v j({ y y r y98 j m l�y iRV k q�r	i i j v n r�{Xs�Vx{"U y r y98 V v
l ��E nbl VxieY # 8 jW[�h2j$i 4 y98 i j v98 r p s"r�{"j l q 8 � l	m j p {2r-sXj�V v l	pxv r v j y y r ! j F � ' � � ��� Y g VAU�h2i j ! Y n
v98 r ? vIy98 jL[-h2j$i 4�p r l sPs�V v y iRV ! h y Vzr�{BrTM	j$i y V m jTYXl vD? j q l { v j$j u4i r m y98 j ��U�hXi j 6 V {+V y V l	pxp]4 y98 j
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i j v h pzy v q�r�{ � i m j(s r�hXi �
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? V y98 y98 jts2j(q�i:j l	v Vx{"Uoq�r v y r	u q�r mon h y j$i 8bl i:s ? l i j 62v j�M	j$i l	p {2j ? q p l	v v j v r	u l�nbnbp Vxq l�y Vzr�{ v i/hX{X{+Vx{+U
r�{ y98 j \�{ y j$i:{Xj yU8Xl M	j ! j$j({Tj m j$i�UIVx{+Uei l�n Vxs p54 roM	j$i y98 j pxl	v y u4j ? 4 j l i v Y l m r�{+U y98 j m l i j
pxl i�U	j v q l	p j m r�{+V y r	iRVx{"U v j$i9M'V q�j v�6�?�8 j$i j�Vx{2j k�n j({ v V5M	j v j({ v r	i v l {Xs q l	m j$i l	v l i j^h v j(s y r m r�{+V y r	i
q�r�{Xs+V y Vzr�{ v v hXq 8 l	v�? j l�y98 j$i l {Xs y i l�� q 6bl {Xs n j$j$i%E y r"E n j$j$i l�nbnbp Vxq l�y Vzr�{ v�6 ?
8 j$i j lopxl i�U	jtr�{1E p Vx{2j
q�r mMm hX{+V y@4 q l { ! jfu4r	i m j(sT{2j l i p54 V { v y l { y l {2j$r�h v p54*y req�r�{ y iRV ! h y j l {Xs v98bl i j l {Tj({2r	i m r�h v
l	m r�hX{ y r	u i j v r�h2i/q�j v Y
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{ l	m j p]4By98 j q�r�{ y j({ y s+V v q�rTM	j$i 4�n i:r !bp j m Y # 8 j v n j(qOV � q [-h2j v y Vzr�{ ? j l	v%P j(s ? l	vd8 r ? y r ! h+V p s
s+V v y iRV ! h y j(s v%4-v y j mMv y98Xl�y l i:j ! r y98ev q l	pxl"!bp j ? V y98Py98 j {�h mh! j$i r	u {Xr-s2j v l {Xs y98 j l	m r�hX{ y r	u
l M l V pxl"! p jMq�r�{ y j({ y�6Sl {Xs v j l i/q 8Xl"!bp j 6 Vx{ y98bl�y�6 h v j$i v q l {�j � qOVzj({ y p]4 � {bs y98 j q�r�{ y j({ y'y98Xl�y y98 j 4
l i j p r-r P V {"U u4r	ieY \�{ y98 V v q 8Xl�nXy j$i 6 ? joq�r�{Xq p hbs2j y98 j y98 j v V vN! 4"v h mMmMl iRV]qeVx{"UMr�h2iIq�r�{ y iRV ! h y Vzr�{ v
l {Xs n i r n r v Vx{"U v j�M	j$i l	p u4h y hXi j^i j v j l i:q 8 s+Vzi:j(q y Vzr�{ v Y
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l"! V p V y.4 q 8Xl	p p j({"U	j v u l q�j(s ! 4`y98 j ? Vxs2jkE l i j l q�r�{ y j({ y s+V v q�roM	j$i 4`n i r !bp j m Y # r ? l i:s v y98 V v j({Xs 6K? j
s2j v VXU�{2j(s 6 V monbp j m j({ y j(s l {XsBj�M l	p h l�y j(s l s+V v y iRV ! h y j(s l {Xs v q l	p l"!bp j q�r�{ y j({ y s+V v q�rTM	j$i 4\v%4�v y j m
y98Xl�y v h nXn r	i y v q�r monbp j k [-h2j$iRVxj v j � qOVxj({ y p54 Y \�{ nbl i y Vxq$h pxl i 6
? j m l"P j y98 jfu4r pxp r ? Vx{"U�r	i=VAUIVx{ l	p
q�r�{ y iRV ! h y Vxr�{ v Y

	 ���)� (��%*;! $'�%DC(�6�!#$'�A!.(��C*5��* ��� � �%$#��&9�"�H- ��* (�6#& !.- �A! �%* �	/8���"6 6#�"�L$'�H- <
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? V y98 Vx{ y98 j { l	m jTY # r i j v r p M	j l [-h2j$i 476 i jOU l i:s p j v v y98 j {-h mh! j$i r	u	l ��E n l Vzi v
y98 j [�hXj$i 4Bm l�4=8Xl M	j 6�? jMr�{ p54 {2j$j(s y rfq 8 r-r v j � l �
E nbl Vzi y r � {Xs l 3 # {2r�s2j 6&l {bs y98 j
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E nbl Vzi v l	v l v j l i/q 8 q�iRV y j$iRV l Y
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%t{2jMr	u y98 jMuVhX{Xs l	m j({ y l	pQn i:r !bp j m u l q�j(s !�4�l �
CIw v%4�v y j m V vty98Xl�y sXhXj y r y98 j hb{2j�M	j({
s�V v y iRV ! h y Vzr�{Ir	u3i jOUIV v y i l�y Vzr�{ l {Xs�[-h2j$i 4 p r l s 6
v r m j {2r�s2j vSmMl�4d! j rTM	j$i p r l s2j(s ?�8 V p j r y98 j$i
{Xr-s2j v Vx{ y98 j v%4�v y j m mMl�4ev y V pxp	! j hX{XsXj$i:h y V p V]q$j(s Y # 8 j p r l s V mh!bl	pxl {Xq�j ? V pxp q l h v j y98 j
v94-v y j m y r'sXjOU	i l s2j ! j$u4r	i jhV y v u4h p p q l�nbl qOV y.4 V v i j l q 8 j(s Y j j^s2j�M	j p r n j(s l uVh pxp]4 s+V v y iRV ! h y j(s
p r l s !bl	pxl {XqOVx{+U m j(q 8Xl {+V v:m y98Xl�y V mon i:rTM	j v y98 j v%4�v y j m Y v y98 i r�h"U 82n h y hX{bs2j$i v%P j ? j(s p r l s
!�4 j p V m Vx{ l�y Vx{+U 8 r y E v n r y v Y # 8 j p r l s !bl	p l {XqOVx{"UtV v !bl	v j(sDr�{ l {2rTM	j p s l�y lev y i:hbq y h2i j 6
y98 j p r l s !bl	p l {XqOVx{"U mMl�y iRV k � ��� � � 6^?�8 j$i:j q�r p h m { v'l {bsPi r ? v l i j`h v j(s y r v98Xl i j 8 VAU 8
i:jOUIV v y i l�y Vzr�{ l {XsX[�hXj$i 4 p r l s i j v n j(q y V5M	j p54 Y � l q 8U��� � s 4 { l	m Vxq l	pxp54Ml s�� h v y v V y v r ? { v V5q$j
V { l s�V v y iRV ! h y j(s"u l	v98 Vxr�{ ! l	v j(s\r�{ y98 j p r�q l	pSp r l s`V y r !bv j$i`M	j v YWl {`V mon r	i y l { y^n i r n j$i y@4
r	u y98 j mMl�y iRV k r	i�U l {+V5q l�y Vxr�{�r	u {2r-sXj v V v^y98Xl�y V y j({ v h2i j vIy98Xl�y i jOUIV v y i l�y Vzr�{ vIl {bs [�hXj$iRVzj v
q l { v y V pxpm! j'q l i i=Vzj(s"r�h y Vx{ l s+V v y iRV ! h y j(s`u l	v`8 Vzr�{ v V m V pxl i y r y98 j !bl	v Vxq 3 # v%4�v y j m Y %^h2i
v V m h pxl�y Vzr�{ v*!bl	v j(s r�{ i j l	p V v y Vxq p r l s v v98 r ? j(s y98bl�y y98 j^j k-y i l q�r v y l sXs2j(s y roi jOUIV v y i l�y Vzr�{ v
l {bsU[�hXj$iRVzj v sXh2j y r p r l s !bl	pxl {bqOVx{"U i j mMl Vx{ v p r ? Y
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y98 j 3 l {"U	j w�j l i:q 8 # i j$j � 3 w # � 6
u4r	i q�r�{ y j({ y i:jOUIV v y i l�y Vzr�{ l {bsW[-h2j$i 4 i j v r p h y Vzr�{ Y�( r�s2j vSl�y s+VBA>j$i j({ yQp j�M	j pxv r	u y98 j 3 w # i j n E
i:j v j({ y s+VBA>j$i j({ y p j�M	j p r	u l UTU	i:jOU l�y Vzr�{ 6Xl {Xs mMl�4 ! j h v j(s y r i j v r p M	j�[�hXj$iRVzj vQ? V y98 s+V5A3j$i j({ y
i l {"U	j p j({"U y98Xv j � qOVxj({ y p54 Y # r j({ v h2i:j j � qOVxj({Xq 4761? jIsXr {2r y Vx{ v y l { y V l�y j j�M	j$i 4 {2r�s2jvVx{ y98 j
y i:j$j !�4 s2j$u l h pzy�6 V { v y j l s 6Z? j'r�{ p54 h v j lMn l i y r	u y98 j y i j$j 6cP {2r ? { l	v y98 j	� � � � y r l q$q�j nby
i:jOUIV v y i l�y Vzr�{ v'l {Xs_i j v r p M	j [-h2j$iRVzj v Y # 8 j !bl {Xseq 8Xl {"U	j v V y v v98Xl�n j !bl	v j(s_r�{ y98 j p r l stV y
r ! v j$i9M	j v ��l {2r�s2j mMlT4$! j'i:j(q�i:h+V y j(s y r � rIVx{ y98 j !bl {Xs�Vzu�V y v Vx{Xq p h v Vzr�{ y r y98 j !bl {Xs\q l {
p r ? j$i y98 jtroM	j$i l	pxp i:jOUIV v y i l�y Vzr�{ l {XsX[�hXj$i 4 q�r v y Y # 8 j !bl {bs l s l�nXy l�y Vzr�{MV v q�r�{XsXhXq y j(s�Vx{ l
uVh pxp]4 s+V v y iRV ! h y j(s u l	v98 Vzr�{ 6Xv Vx{Xq�jtr�{ p54 p r�q l	p Vx{2u4r	i mMl�y Vzr�{WV v {2j$j(s2j(s Y # rMj({ v h2i jtj({Xs n rIV { y v
q l {Bs+V v q�rTM	j$i y98 j !bl {Xs j � qOVzj({ y p5476;? j's2j v VAU�{2j(s l p VAU 8�y.? jeVAU 8
y n i r y r�q�r pF6by98 jM# l�y98 � l Vx{�E
y j({ l {Xq�j # i r y r�q�r p � # ��# � 6 y rBh n s l�y j y98 j !bl {Xs2V {2u r	i mMl�y Vzr�{2V { y98 j y i j$jTY l v l i:j v h pzy�6
i:jOUIV v y i l�y Vzr�{ vSl {Xsd[�h2j$i=Vzj vQl i j q l i iRVzj(s r�h y j � qOVxj({ y p54h? V y98 r�h y�8Xl M'V {"U y r y i l M	j$i v j y98 j y i j$j 6
l {bs y98 h v {2r ! r y y p j({2j(q P-v l i j q�i j l�y j(s Y
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y@? jeVAU 8�y
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