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��[�³�f´koUlfhdOabYbfmUlk�fhY�UlµbN#¶RSlk�U·µbf´ubueNZY�¸´QKn�NZS`[T]IQ¹]ºN;N;u']º[�SV»�QTS�uLYbN;abSlQ�¸�YbNgUV¼
»`[�SV½¾dg[�WwPRaeUVNLUlµbNpSlNZ¸´QBUlfmj�NLPbSV[��RQT�Rfm¸hf¿Uon�[T]\QÀubQTUlQ�P�[�fhY�UÁabYRubNZS¹Uo»t[
z
QTaRklkVfhQ�YRkZÂ(q�µbf´kp¸hN;Q�ubkLaRkpUV[
dZ[�YRkVfhubNZS�kVab�Rk�UVfmUVaeUlfmYR³5[TUlµbNZS�ubNZYRkVf¿Uon
WX['ubNZ¸´kZÂ#��N.PbSlN;kVNZY�U#Q�YGQTS�d�µbfmUVN;dgUVabSlN2]º[�S P�NZSV]º[�SlWXfmYb³ uefhkldgSlfhWwfhYRQTUVfhj�N
¸mNÃQTSlYbfhYb³.[�]IÄOfhuRueNZY�vÀQ�SV½�[BjXvÀ['ubNZ¸´k·aRkVfmYb³LQwYbNZUo»`[�SV½L[�]�WLQTY'n�kVWLQT¸h¸
ÄOvÀv5Å k;Â_Æ_ÇePÈN;SVfhWXNZY�Ulk`[�Y�k�P�NZNÃd�µ�ubQTUlQÁkVµb[B»0fmU`Ul[Á��N#kVabP�NZSlfm[�S�Ul[ÁUlµbN
koU�QTYRuRQTS�upWXNgUlµb[eu�[T]�ubfhkldgSlfmWXfhYRQBUlfmj�NZ¸hnLUVS�QTfhYbfhYb³LÄOvÀv5Å k;Â

É Ê�Ë ¯e°bÌ·ÍOÎO²�¯bÏ�Ì Ë

¢ÐkoU�QTYRubQ�Slu¹»tQKn
[T]ÈPÈN;S�]º[�SVWXfhYb³ dZ¸hQ�kVkVf¿¶�dZQBUlfm[�Y¹aRkVfmYR³ Q ³�NZYRNZS�QBUVfhj�NÑWw[eueN;¸'fhk?UV[
uefhj'fhueN`UVµRN
UVS�QTfhYbfhYb³pdZQ�k�NÃk·fhY�Ul[LUVµRNZfhSOSlN;kVPÈNÃdÒUVfhj�N¹dZ¸hQ�kVkVN;kOQTYRu UVµRNZY�UlSlQ�fmY�QpkVNgUO[�]�dg¸´Q�klk\dg[�YRuefmUVfh[�YRQ�¸
WX[eueNZ¸´kZÂ�q�µbf´krabYÈk�abP�NZSlj'fhkVN;uÁQTPbPbSl[�Q�d�µ#UV[OdZ¸hQ�kVkVf¿¶�dZQBUlfm[�Y2fhk�QTPRPÈNÃQT¸hfmYb³\]º[�S�Uo»t[\SlN;Q�k�[�YRkZÂrÓÔU
f´krP�[�klk�fh�b¸hN�Ul[OSlN;ueaRdZNÑ[Bj�NZSV¶bU�UlfmYb³Ès;��N;d;QTaRkVN�UlµbNÑWX[eueN;¸�¸hN;Q�SVYRkrUVµRN`dg¸´Q�klk�¼ÔdZ[�YRuefmUVfh[�YÈQT¸TfhYbPbaeU
ueN;YRk�fmUVfhN;kOÕLÖº×`Ø ÙZÚtS�QBUVµRNZS·UlµRQTY�UVµRN¹fmYRPbaeU�¼�dg[�YRuefmUVfh[�YRQ�¸rdg¸´Q�klk�PbSl[��RQ��bfh¸mfmUVfhN;k\ÕLÖ�Ù�Ø ×rÚÒÂ`¢O¸hkV[Rs
PbSl[Bj'fhueNÃu�UVµRQTUÁUVµRN�WX[eueNZ¸�ueNZYÈk�fmUon�f´kwQ�³�['[eu,WLQBUld�µ,Ul[�UVµRN�abYRubNZSl¸mn'fhYb³GubQTUlQÀueN;YRkVf¿Uon
UVµRNZY UVµbN
ueN;dZfhkVfh[�YpPbSl[Bj'fhubN;uL�'npQ.PbSV[��RQT�Rfm¸hfhk�UVf´d\WX[eueN;¸�f´k�Û�QKn�N;kÑ[�PeUlfmWLQ�¸�Â_q�µbN
PbSl[��b¸hNZW
»·fmUVµ¾UVµbf´k2abYÈk�abP�NZSlj'fhkVN;u¾QTPRPbSV[�Q�d�µGUV[�aRkVfmYb³�PRSV[��RQT�bfh¸hfhk�UVf´dÁWX[eueN;¸hk
]º[�S¹dg¸´Q�klk�fm¶Èd;QBUVfh[�Y�fhk
UVµÈQBU;sT]º[�S_SlN;Q�kV[�YÈkr[�]Èdg[�WwPRaeUlQTUVfh[�YRQ�¸�NZÜpdgfhNZYRdZnÁQTYRuwQTYÈQT¸hn�Ulfhd;QT¸edg[�Y'j�NZYRfmN;YRdgN�sÃj�NZSln¹k�fhWXPb¸hN
³�N;YbNZS�QBUlfmj�NOWX[eueNZ¸´k·QTSlN Uon�PRfhd;QT¸h¸mnLaRkVN;u�QTYÈuLUVµRN2[�PeUlfmWLQT¸hfmUonL[T]rUlµbN
PbSl['dZN;ueaRSVN#Yb[w¸m[�Yb³�N;S
µb[�¸hubk;Â?ÝR[�S?UVµbf´k�SVNÃQ�kV[�Y2fmU�f´k?aRk�aÈQT¸h¸mn2Q�ubjKQ�Y�UlQT³�NZ[�aRk�UV[ UVS�QTfhYÁQ dg¸´Q�klk�fm¶RNZS�uef´kVdZSVfhWXfmYRQTUVfhj�N;¸mn�Â
Ó�YwUVµbf´k_PRQ�PÈN;S_»`N�»·fh¸m¸R¸m['[�½.k�P�N;dZf¿¶Èd;QT¸h¸mn.QBUIUVµbN·PRSV[��b¸mN;W�[T]�¸hN;QTSlYbfhYb³
ÄOvÀvÞÅ kI]º[�S�dg¸´Q�klk�fm]ºn�¼
fhYb³2k�P�NZNÃd�µwkVN;ß�abN;YRdgNÃkZÂ?ÓÔUIf´k_QTYXQTPRPb¸mf´dZQTUVfh[�YXQTSlN;QO»·µbNZSlNtUVµbN·Q�klkVabWXPeUVfh[�Y.UVµRQTUIUVµbN\Ä vÀv
f´kàUVµRN`dg[�SVSlN;dgUr³�N;YbNZS�QBUlfmj�N_WX['ubNZ¸T]º[�S�UlµbN`ubQTUlQOfhkrfmYRQ�dZdZabSlQTUVNÑQ�YRu2uef´kVdZSVfhWXfmYÈQBUVfhj�NÑWwNZUVµb[eubk
[T]_UlSlQ�fmYRfmYb³�µRQKj�N¹��NZN;YGkVaRdZdZN;klko]ºab¸áÂ q�µRN¹¶RS�koU
k�NÃdÒUlfm[�Y�»·fm¸h¸?³�fmj�NÁQTYG[Bj�NZSlj'fmN;»â[�]ÑdgabSlSlNZY�U
WXNgUlµb[eubkI[T]�uefhkldgSlfhWwfhYRQTUVfhj�NZ¸hn2UlSlQ�fmYbfhYb³
ÄOvÀvãdZ¸hQ�kVkVf¿¶ÈNZS�kZÂ��¾N·»·fh¸m¸'UlµbNZYXfhY�UlSV[eueaÈdgN�Q YRNZ»
Uon'PÈNL[�]·WÁab¸mUVfm¼á¸´QKn�N;S
�RQ�d�½'PbSl[�PRQ�³�QTUVfh[�YÀYbNZUo»`[�SV½G»·µbfhd�µ¾U�QT½�NÃk
�ÈNZU�UlNZS.Q�uejBQTY�UlQ�³�NX[T]tUVµRN
ÄOvGvÞÅ k�]º[�SÑubfhkldgSlfmWXfhYRQBUlfm[�Y�ÂIÝ?fhYRQ�¸m¸hn�s�»`N·PRSVNÃk�N;Y�UÑkV[�WXNOkVfhWÁab¸´QBUlfm[�YRk_dg[�WwPÈQTSlfmYb³
UlµbN·Uo»t[
WXNgUlµb[eubkZÂ
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Sequence

Ý�fm³�abSlN����¹¢\YÞ¢\¸hPbµRQ�YbNgU¹»·fmUVµ,[�YbNpÄOvÀv�P�NZSÁdZ¸hQ�kVk;ÂLÆÑQ�d�µ�dg[�WXPbaeUVNÃk¹Q�kVdZ[�SlNw]º[�S
UVµRN
kVN;ß�abNZYÈdgN2QTYRu Ulµbfhkt]ºN;N;ubk\fmY�UV[LQLkV[T]�UlWXQTÇ�[�abUVPbaeU\¸´QKn�N;S;Â

� «������O± Ë
	 ¯b®Þ± Ë Í���Ï�®'²�°RÏ�
 Ï Ë ±�¯bÏ�� 	���	 ±I° Ë Ï Ë
�

q�µbNtabYRkVabP�NZSlj�f´kVN;u2»�QKn [�]RaRkVfmYR³ QTY.ÄOvÀv ]º[�SIdg¸´Q�klk�fm]ºn'fmYb³#QOdZ[�¸h¸mNÃdÒUVfh[�YÁ[T]RkVN;ß�abNZYÈdgN;k?f´k�Ul[
aRkVN2UVµRNÁÛ�QTabWw¼Ô��N;¸hd�µ�QT¸h³�[�SVfmUVµRW��m���rUl[X¶bU [�YbN¹ÄOvGv PÈN;S dg¸´Q�klk;Âtq�µbN;Y�YbNZ»�kVN;ß�abN;YRdgNÃk
QTSlN�dg¸´Q�klk�fm¶RN;u
�'n5dg[�WXPbabUVfhYb³¾UVµbN�PbSl[��RQ��bfh¸mfmUonÞ[T]
Q�kVN;ß�abN;YRdgN�abYRubNZSXN;Q�d�µ
WX[eueNZ¸\Q�YRu
Q�klkVfm³�YbfmYR³#fmU�Ul[
UVµbN\[�YbN·»·fmUVµXUVµRN\µbfh³�µbNÃkoU�PbSl[��ÈQT�bfh¸mfmUon�ÂIc'P�NZN;d�µLSlN;dZ[�³�Ybf¿Ulfm[�Y.f´k_[�YbN·[T]�UVµRN
dg[�WXWw[�YbN;k�U\QTPbPR¸mf´dZQTUVfh[�YRkt[T]_ÄOvGvÞÅ k;se�baeU\aRYe]º[�SVUVabYÈQBUVN;¸mn�QTY�ÄOvÀvEf´k·QwPÈ['[�S·WX[eueN;¸à[T]
UVµRNtkVPÈN;N;d�µ.PbSV[eueaÈdÒUVfh[�YÁPbSV[edZN;klkZÂ�Ýb[�S?UVµRfhk�SlN;Q�kV[�Y.k�P�NZNÃd�µ¹SVNÃk�NÃQTS�d�µbNZS�kàµRQKj�NÑ¸h['[�½�NÃu¹QBU�UVµRN
P�[�klk�fh�bfh¸mfmUon.[�]�fhWXPbSl[Bj�fhYb³
UlµbN\P�NZSV]º[�SlWXQ�YRdgN·[�]�QTYpÄOvGv dg¸´Q�klk�fm¶RNZSÑ��n.aRkVfmYb³ÁfmYe]º[�SVWLQTUVfh[�Y
]ºSl[�W YbNZ³�QBUVfhj�N2NZÇbQTWXPb¸hN;k�� NgÇbQ�WwPR¸mNÃk\ueS�QK»·Y�]ºSV[�W dZ¸hQ�kVkVN;k·[�UVµbN;S\UlµRQTY�UlµbNÁ[�YbN¹»·µbf´d�µ
UVµRNXÄ vÀv�»tQ�k#WwNÃQTY�U
UV[�WX[eueNZ¸áÂ�� YbN.»�QKn�[T]�ue[�fhYb³�UVµRfhk
f´k#UV[�dg[�WXPbaeUVNXUlµbNXWÁaeUlaRQT¸
fhYe]º[�SlWLQBUVfh[�Y­��NgUo»tNZN;Y­UVµbN¾dg¸´Q�klkL¸hQ��ÈN;¸ Q�YRuÐUVµbN¾ubQBU�Q,abYRueN;SpUlµbN�Ä vÀv ueNZYÈk�fmUon�s\Q�YRu
WLQBÇefhWwf��ZN#UlµRQBU\[����oN;dgUVfhj�N#]ºabYRdgUVfh[�Y � !"�áÂ
ÓÔU�»tQ�kÑ¸´QBUlNZS·k�µR[B»·YLUVµRQTU`Ulµbf´k`PRSV[edgNÃueabSlN dZ[�ab¸´up��N
j�fhNZ»tN;u�Q�ktQ¹Uon'P�N [�]rYbNZaRSlQ�¸ÈYbNZUo»`[�SV½
Ö§kVNZN�Ý�fh³�abSlN,�ÃÚ.fmYÐ»·µbf´d�µ
UlµbN�fhYbPbaeU�kXUV[¾UVµRN�YRNgUo»t[�Sl½5QTSlN�UlµbN�¸m[�³T¼ÔPbSl[��RQ��bfm¸hfmUon,kldg[�SVNÃk
# Ö§×%$�& '�Ø (�ÚÁ[�]OUlµbN�k�NÃß�aRNZYRdZN�aRYRueNZSXµbf´ubueN;Y0vÀQTSl½�[Bj¾WX['ubNZ¸�()� y*�ÔÂÐÓ�YÐkVaRd�µ­QGWX[eueNZ¸
UVµRNZSlN#f´k·[�YbN2ÄOvÀvEP�NZSOdZ¸hQ�kVk;seQTYRu UVµRN2[�aeUlPbaeU\f´k·QLk�[�]�UVWLQBÇ�YR[�Ye¼Ô¸mfhYbNÃQTSlf¿Uon+�
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Öo�KÚ

q?SlQ�fmYbfhYb³
UlµbfhkÑWX['ubNZ¸R�'n.WXQTÇefmWXf��ZfhYb³
UVµbN ¸m[�³2PbSl[��RQ��bfm¸hfmUon¹[T]�dg[�SVSlN;dgU�dg¸´Q�klk�fm¶ÈdZQTUVfh[�YX¸hN;Q�uRk
UV[¾QGdZ¸hQ�kVkVf¿¶ÈNZS¹»·µbf´d�µ5»·fh¸m¸�P�NZSV]º[�SlW ��NgUVUVN;S.UlµRQTY3QTY5NÃß�aRfmjBQT¸hNZY�UXÄOvÀv WX[eueN;¸ÑUlSlQ�fmYbNÃu
kV[�¸hNZ¸hn�fhY
QÀaRYRk�aRPÈN;SVj'f´k�NÃu,WXQ�YbYbN;S;Â,c'aRd�µ
Q�Y5QTS�d�µbf¿UlN;dgUVabSlNpµRQ�kÁ��NZN;YÞUVN;SVWXN;u
QTY<;V¢O¸¿¼
PbµRQ�YbNgU>=\��N;d;QTaRkVN`fmUIWXQKn#��NtfhWXPb¸hNZWXNZY�UVNÃuÁQ�k?QOSVNÃdgabSlSVN;Y�UrYbNZaRSlQ�¸�YbNZUo»`[�SV½#»·µbf´d�µÁWXfhWwf´dZk
UVµRN
]º[�Sl»tQ�Slu�PRQ�klk�[T]?UVµbN
]º[�SV»�QTS�u'¼Ô�RQ�d�½'»�QTS�uLQT¸h³�[�SlfmUVµbW�Â $

? @ ±I²BA��O°bÌC� ± � ±�¯eÏ�Ì ËEDF	 ¯HG,Ì�°IA·®,±_®J� 	?Ë ®'Ï�¯HKML¾Ì4
N�O±I°b±�¯eÌ�°R®

¢ W.ab¸mUVfm¼á¸´QKn�N;SL]ºNZNÃu']º[�Sl»tQ�SluÐYbNZUo»`[�SV½3fhk�aRkVaRQT¸h¸mn3UVµR[�ab³�µ�U [T]ÁQ�k QPORNZÇ'fh�b¸hNÀYb[�Ye¼á¸hfhYbN;Q�S
SlNZ³�SlN;klkVfm[�Y
WX[eueNZ¸ás·�baeU�fm]2f¿U aRk�NÃkXUVµRNÀ¸m[�³�f´koUlfhd�]ºaRYRdÒUlfm[�Y0Yb[�Ye¼Ô¸hfmYbNÃQTSlf¿Uon3fmY­UlµbNÀµbf´ubueN;Y
¸´QKn�NZSÃs�UVµRNZSlN�f´k Q�Y fhY�UVNZSlN;k�UVfhYb³3fmY�UVN;SVPRSVNZUlQBUlfm[�Y0[T]¹UlµbN¾[�P�NZS�QBUVfh[�Y0P�NZSV]º[�SlWXN;u ��n­NÃQ�d�µ
µbf´ubueN;YÐaRYbf¿UÃÂâz#fhj�NZY­Q¾WXf¿Ç'UVaRSVN�[�]OUo»t[Þz
Q�aRklk�f´QTYRkw»·µbN;SVN�»tN�½'Yb[B» UVµRNÀdg[�WXP�[�YbN;Y�U
PbSlfm[�SlkIÕLÖRQ�ÚIQ�YRuÁUVµbN\dZ[�WXPÈ[�YbNZY�U�ueN;YRk�fmUVfhN;kÑÕLÖº×ÑØ Q�ÚIUVµbN;Y.UlµbN�PÈ[�koUlNZSlfm[�SIPbSV[��RQT�Rfm¸hf¿Uon¹UVµRQTU
z
QTaÈkVkVfhQ�Y�sSQST�sR³�N;YbNZS�QBUlN;u�QTY�[��Rk�N;SVjBQTUVfh[�Y�×_sÈf´kOQX¸h[�³�fhk�UVf´d#]ºabYRdgUVfh[�Y�»·µb[�k�N¹Q�SV³�abWXNZY�U\fhk
UVµRNOYbN;³�QBUlfmj�N\¸h[�³T¼Ô[eububk_[�]àUVµbNOUo»`[.dg¸´Q�klk�NÃk
� {U�áÂ_q�µbf´kÑd;QTY�dZ¸mNÃQTSl¸mn.�ÈN#k�N;NZYp�'nwSVNÃQTSlSlQ�Yb³�fhYb³
V�WYX�Z\[�Z>]�^`_ba�]4c1dea�X`Z�d�c1[�fhg�[jilkmg1]�]/g-[�Z\a�X�Z\k�[�con`g1n�pq_rpba�prZ>]sc-dta�X`Z
X`pqi�i�Z>uv]wajg-a�Z>]/x>cou`i�pba�prcou`Z>i

couva�X`Z�k`g1]wa4con�]�Z7[�yog�a�prcou`]>z�c1[�{Rg1_rk`X`g1]�|}pru~]wajg1u`i`g�[ji~�\�l�Na�Z7[��6pru`c1_rco�1�"�
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ÓÔ]�UVµbN¹dZ¸hQ�kVk·dZ[�YRuefmUVfh[�YÈQT¸�ueN;YRk�fmUVfhN;k�fhY�ß�abN;k�UVfh[�Y�QTSlN
WÁab¸mUVfhjBQTSlfhQTUVN¹z
QTaRklkVfhQ�YRk
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»·fmUVµ N;ß�aRQT¸2dZ[BjKQ�SVf´QTYÈdgNÀWLQBUlSVf´dgNÃkZs*� sOUlµbNZYâUVµRN�P�[�k�UVN;SVfh[�S�dg¸´Q�klk�PbSV[��RQT�Rfm¸hf¿Uon­WLQKn0��N
»·Slf¿UVUVNZY�fhY�UVµbf´k�]§QTWXfh¸mf´QTS�]º[�SVW �
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q�µ'aRk;s�UVµRNpWÁab¸mUVfm¼Ô¸hQKn�NZS2P�NZS�dgNZPbUVSl[�Y,dZQTY,��Npj'fmN;»`NÃu,Q�k2dg[�WXPbaeUVfhYb³ÀPÈQTfhSV»·f´k�NXP�[�k�UVN;SVfh[�S�k
��NgUo»tNZNZYpz
Q�aRkVkVf´QTYRk�fhY.UlµbN·fhYbPbaeUÑkVPRQ�dZN�s�Q�YRu.UVµbN;YLdg[�W.�bfhYbfmYR³ UlµbN;kVN·fhY.UlµbN·[�abUVPbaeU�¸´QKn�N;S
UV[LdZ[�WXPbaeUlN¹QwubN;dgf´kVfm[�Y�Â

2 « DF	 G43 Ï Ë Í Ì65 ��ÏV®'²�°RÏj
 Ï Ë ±�¯eÏ�� 	�D 	 ¯
q�µbf´k�j'fhNZ»ã[T]ÁQÞ]ºNZN;ue]º[�Sl»tQ�Slu­YbNZUo»`[�SV½Ðk�aR³�³�NÃkoU�kLjBQTSlfhQTUVfh[�YRk�fmY »·µbfhd�µ0[�UVµbN;S�½'fhYRubk [T]
ueN;YRk�fmUon,WX['ubNZ¸´k.Q�SVN aRk�NÃuÞfhY5Pb¸´Q�dgN [T] z
Q�aRkVkVf´QTYRkÁfmY
UVµbN�fmYRPbaeULk�PRQ�dgN�ÂGÓ�Y5PRQ�S�UlfhdZab¸´QTSÃs
fhYRkoUlN;Q�u
[�]#P�NZSV]º[�SlWXfmYb³,PRQ�fmSl»·f´k�N�dg[�WwPÈQTSlfhkV[�YRkw��NgUo»tNZN;Y0z
Q�aRklk�f´QTYRk;s�UlµbN�abYbfmUlkpfmYÐUVµRN
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�0µbN;Y�d�µRQ�fmYRN;up»·fmUVµ�UlµbN
NZSlSV[�StkVfm³�YRQT¸��RQ�d�½�PRSV[�PRQT³�QBUVNÃuw]ºSV[�W UVµRN#[�aeUVPRaeU;s'UlµbN;kVN2ueNZSlfmjBQT¼
UVfhj�NÃk·³�fhj�N
aRk·UVµbN¹uefhSlN;dÒUlfm[�Y�fmY�»·µbf´d�µ�UV[LWX[Bj�N#UVµRN2PRQTS�QTWXNgUlNZS�kt[T]IN;Q�d�µ�Ä vÀvEfmY�[�S�ueN;S
UV[XfhYRdgSlN;Q�k�N#UlµbN2¸m[�³XPbSV[��RQT�Rfm¸hf¿UonL[�]?UlµbN¹dg[�SVSlN;dgU�dZ¸hQ�kVkVfm¶ÈdZQTUVfh[�Y�[�]?UlµbN¹kVN;ß�abNZYÈdgN�Â
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q?[�N;jBQT¸haRQBUlN.UlµbNLSlNZ¸´QBUVfhj�NXWXNZSlfmUlk
[T]tUVµRNp£\M ¡Ás�»tNXdZ[�WXPRQ�SVNÃuGfmUÁQT³�QTfhYRkoU2QTYÞ¢O¸mPbµÈQTYbNZU
[�Y�Q
k�P�N;Q�½�NZS�fhueN;Y�UVfm¶ÈdZQTUVfh[�Y0U�Q�kV½�Â�q�µRN�ubQTUlQÞ»�Q�kXU�QT½�NZY­]ºSl[�W UVµbNÞ^�ce�ri Å c'P�N;Q�½�N;S
£·NÃdg[�³�YbfmUVfh[�Y�ÅIdg[�SVPbaÈkZÂ¾ÓÔUpdg[�YÈk�f´koUlN;uÞ[�]Á�o!Àk�P�N;Q�½�NZS�k.aeU�UlNZSlfmYb³�PbµbS�Q�kVN;kwdg[�YRk�f´k�UVfhYb³G[�] 1
uef:9�N;SVN;Y�U�kVN;ß�abN;YRdgNÃkÑ[�]?dg[�YbYbN;dgUVNÃupuefh³�fmUlktSVNÃdg[�SlueNÃuXWÁab¸mUVfhPb¸hN#UVfhWwNÃk
Öº{ X�Ú_[Bj�NZS�UlµbN
dg[�aRSlkVN
[T].�o!�SlN;dZ[�S�uefhYb³GkVN;klk�fh[�YRk;ÂÞq�µbN uRQBUlQ�»�Q�k.PbSVNZ¼áN;WXPbµRQ�kVf��ZN;u
QTYRu5ÝR[�abSlfhNZS.UVS�QTYRk�]º[�SlWXN;u
fhY5y�!BWLk
]ºS�QTWXNÃk¹QBU.Q�]ºS�QTWXNpS�QBUlNL[T]2����WLkZÂ ÓÔUÁ»tQ�k
UVµRNZYÞ¶R¸mUVN;SVNÃu¾aRk�fhYb³ !T{��RQTYÈuePRQ�klk;s
WXNZ¸m¼�]ºSlN;ß�abN;YRdgnwkVd;QT¸hN;u.¶R¸mUVN;Slk;Â�q�µRN\¸m[�³
WXQ�³�YbfmUVaÈueN·¶R¸mUVN;S�SVNÃk�P�[�YÈk�N·»�Q�k�UlµbNZYLaRkVN;uLQ�kIUVµRN
]ºN;QTUVabSlN\j�N;dÒUl[�S_]º[�S�UlµbN Ä vÀvÞÅ kZÂ_q�µbf´kÑPRSVNZ¼áPbSl[edgNÃkVkVfmYR³#SlN;ubaRdgNÃuwUVµbN#ubQBU�Q¹uefhWwN;YRkVfm[�YRQT¸hf¿Uon
»·µbfh¸mN2SlNgU�QTfhYbfhYb³Xf¿U�k·k�P�N;dgUVS�QT¸�k�UVSlaRdÒUlabSVN�Â
�0µbfh¸mN#WXNZ¸m¼ÔdZNZPRk�UVS�QT¸�dg['NgÜpdZfmN;Y�U�k`Q�SVNOUon'Pbfhd;QT¸h¸mnXSlN;dZ[�WXWXNZYRueNÃuX]º[�StaRkVNO»·fmUVµ�QBÇefhk�¼�QT¸hfm³�YbN;u
z
QTaÈkVkVfhQ�YRk;srUlµbNZnÞueNÃkoUlSV[Bn�UVµbN�k�P�N;dgUVS�QT¸tkoUlSVaRdgUVabSlNp[�]·UVµbN�ubQBU�Qbs_QTYRu5»`Np»t[�aR¸huÞ¸hfh½�NLUl[
QT¸h¸h[B»(]º[�S#UVµbNXP�[�klk�fh�bfh¸mfmUon�UVµÈQBU
[T]ÑUlµbNwWXQ�Y'nÀÄOvÀvÞÅ k2kV[�WXN.[�]�UVµRNZW »·fh¸m¸_kVPÈNÃdgf´QT¸hf �;N.[�Y
PRQ�S�UlfhdZab¸hQ�SÁkVab�e¼Ô�RQTYRuRk¹[T]�UlµbNp]ºSlN;ß�abN;YRdgn,ue[�WLQ�fmY�Â�q�µbN;n¾d;QTY5ue[ÀUVµbf´kÁ�'n�UVSlN;QTUVfhYb³�UVµRN
jBQTSlfhQ�YRdgNLQ�k¹Q�WXN;Q�kVabSlNX[T]�UVµbNLfhWXPÈ[�S�U�QTYRdZNL[T]\Q�PRQ�S�UlfhdZab¸hQ�S
]ºSVNÃß�abNZYRdZnG�RQ�YRu ��aRkVfmYR³
¸´QTSl³�N\jBQTSlf´QTYRdZN;kÑ]º[�StabYbfhWwP�[�SVUlQ�Y�Ut�RQ�YRubk;seQTYRu k�WLQT¸h¸�[�YbNÃk�]º[�St�ÈQTYRubkÑUV[w»·µbf´d�µpUlµbNZnLPRQKn
PRQ�S�UlfhdZab¸hQ�S·QBU�UlNZY�UVfh[�YrÂ
�¾NwdZ[�WXPRQTSlN;u�UlµbNX£\M ¡ »·fmUVµ�Q�YG¢\¸hPbµRQ�YbNgU
QTYRu�UVµbSlNZNw[TUlµbNZS Ww[eueN;¸hk »·µbf´d�µG»tNZSlN¹fhW.¼
Pb¸hNZWXNZY�UlN;u�Q�k·dZ[�Y�UVSl[�¸´kZÂIq�µbN#¶RS�koU·[�]?UlµbN;kVN
»tQ�k·Q.YRNgUo»t[�Sl½L»·f¿Ulµ�QXkVfmWXfh¸hQ�S·QTS�d�µbf¿UlN;dgUVabSlN
UV[XUlµbNÁ£\M#¡ Ö�Q�k\kVµb[B»·Y�fmY�¶R³�abSVN�!�ÚÒsbNZÇbdgNZPbU·UVµRQTUOfmYÈkoUlN;Q�u�[�]?¶bÇeNÃu�dZ[�YbYRN;dÒUlfm[�YRk·[�] �.��s
UVµRN2µbfhuRueNZY�abYRf¿U�k·µRQKj�N2QXkVNgU\[T]_Q�uRQTPeU�QT�b¸hN
»`N;fm³�µ�U�ktUV[LQT¸h¸�7 [T]�UVµbNÁÄ vÀvÞÅ kZÂÑ��N2SlNg]ºN;S
UV[XUlµbf´k\YbNZUo»`[�SV½pQ�k\QLdg[�WwPÈQTS�QBUVfhj�N
ueN;YRk�fmUon�YRNgU.ÖÔ^tM ¡#ÚÒÂÈ¢ k�NÃdg[�YÈu dZ[�Y�UVSl[�¸àNZÇ'P�NZSlfhWwN;Y�U
aRkVN;u.QTY.Q�Sld�µRf¿UlN;dÒUlabSlN`kVfmWXfh¸hQ�S?Ul[#Q2^tM#¡3»·fmUVµR[�aeUIUVµRN`µbf´ubueN;Y.¸´QKn�N;S;s ¥ ���Ã� UVµRNZSlNtf´kIQ kVfhYb³�¸hN¸´QKn�NZS`[T]rQ�ubQTPeU�QT�b¸hNO»tNZfh³�µ�U�k`uefhSlN;dÒUl¸mnLdZ[�YbYbNÃdÒUlfmYb³ÁUVµbN
ÄOvGvÞÅ kt»·fmUVµ�UVµbN
k�[�]�UVWLQBÇL[�aeUVPbabU
abYbfmUlk;ÂO�¾NÁ¸´QT��NZ¸?UVµRfhk
QTS�d�µbfmUVNÃdÒUVaRSVN¹Q�^tM ¡\¼l��ÂOq�µbNX^tM#¡·¼��.ubf�9�NZS�k\]ºSl[�W UVµRNw¢O¸mPbµÈQTYbNZU
fhY UlµRQBU·NÃQ�d�µ�k�[�]�UVWLQBÇ�[�aeUVPRaeU\abYbfmU\µRQ�k·Q�ubQTPbUlQT�R¸mN2dg[�YbYbNÃdÒUVfh[�YÈkÑUl[XUVµbN2Ä vÀvÞÅ k\QTYRu »tN
dZQ�YpjBQTSlnÁUlµbNOY'abW.�ÈN;S`[�]rÄOvÀv5Å k;s'»·µbNZSlN;Q�kIUVµbN
¢\¸hPbµRQ�YbNgUtµRQ�ke�oaRk�Ut[�YbN Ä vÀv P�NZS�dg¸´Q�klk
uefhSVNÃdÒUl¸mn�dZ[�YbYRN;dÒUlN;upUV[XN;Q�d�µ kV[T]�UVWLQTÇp[�aeUlPbaeU\abYbfmU;Â�Ý�fhYRQT¸h¸hn�se»tN#fhWXPb¸hNZWXNZY�UVNÃu Qwj�NZS�k�fh[�Y
[T]�Q�YbNgUo»t[�Sl½Àk�fhWXfm¸´QTS#Ul[�Q�Y¾¢O¸mPRµRQTYbNZU;s?�baeU2aRkVfmYb³�Q�WXf¿Ç'UlabSVNX[�]�z
QTaÈkVkVfhQ�YRk
Q�k#UlµbNXfmYe¼
PbaeU¹ueN;YRkVf¿Uon�WX[eueNZ¸áÂÁq�µbNwPÈ[�fmY�U
[T]�Ulµbf´k#dZ[�WXPRQ�SVf´k�[�YÀ»�Q�kOUV[�k�N;NÁfm]ÑUVµRNwÄ vÀv Q�dÒUlaRQT¸h¸mn
Q�d�µRfmN;j�N;k Q���NZYRNg¶bU#]ºSV[�W WX['ubNZ¸h¸mfhYb³ UVµbN.UVN;WwP�[�S�QT¸IQ�kVP�N;dÒU�k#[T]�UlµbNwkVP�N;QT½�NZS SVNÃdg[�³�YbfmUVfh[�Y
UlQ�k�½�Â
Ó�Y5NÃQ�d�µ,NgÇeP�NZSlfmWXNZY�U.Q�Y
£\M#¡ dZ[�YRk�UVSlaRdÒUlN;u,[�aeUÁ[T]OQGk�NZUÁ[T]os67 sI{T¼�koU�QBUlNpÄOvÀvÞÅ k.»tQ�k
dg[�WXPRQTSlN;u UV[XUlµbN2]º[�abSO[�UVµbN;S\YbNgUo»t[�Sl½ek·QT¸h¸�WLQBU�d�µbN;u�Ul[LµRQKj�N
UlµbNÁklQTWXN2Y'abWÁ��NZS [T]�]ºSVN;N
PRQ�SlQ�WwNZUVN;Slk;seNgÇbdgN;PeU·]º[�S\UVµbNÁvÀ[�z#YbNZU;ÂtÓ�Y�UVµbN¹d;Q�kVN2[T]�UVµbNÁvÀ[�z#YbNZU;sR»tN2aRkVN;u�UlµbNÁklQTWXN
Y'abWÁ��NZS [T]Áz
QTaÈkVkVfhQ�Y­WwfmÇ'UVabSlNÀWX[eueNZ¸´kpQ�k�ÄOvGvÞÅ k�fmY­UlµbN�¢O¸mPRµRQTYbNZU;s·NÃQ�d�µ­»·f¿Ulµ0UVµRN
klQTWXN Y'abW.�ÈN;S·[T]�µbfhuRueNZY�k�UlQBUlN;k;Â_q�µ�aÈkZsefmU·µRQ�kt]ºN;»`N;StPÈQTS�QTWXNgUlNZS�kZs��ÈNÃdZQ�aRk�N
fmU·fhk�¸´Q�d�½'fhYb³
UVµRNLUVS�QTYRkVfmUVfh[�YÞPbSl[��RQ��bfh¸mfmUVfhN;k2[�]�UVµbN�ÄOvÀvÞÂ?��N SlQ�Y¾UVµbN NgÇePÈN;SVfhWXNZY�U¹]º[�abS2UVfhWXN;k.»·f¿Ulµ
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Ý�fm³�abSlNXyB�2£·N;kVab¸mUlk
[T]`UVµbNLNZÇePÈN;SVfhWXNZY�Ulk#]º[�S¹QTY,£\M ¡ »·fmUVµ0Ö�Q�Ú.�o!bsÑÖº�ÈÚw� 1bsÑÖ�d;Ú6! � Q�YRu
Ö§uÈÚ\!B{LÄOvÀv5Å k;Â

jBQT¸habN;k.[T]C7 [�]¹�o!es·� 1bsC! �GQTYRu !T{RÂGÝR[�SÁUVµbN�¢\¸hPbµRQ�YbNgUXQTYRu5vÀ[�z#YbNZUw»tNpjBQTSlfmNÃu,UVµRN
Y'abWÁ��NZS
[�]tk�UlQBUlN;k#fhYGUlµbNLÄOvÀvÞÅ k2QTYÈuÀUlµbNpz
QTaRklk�f´QTY�WXf¿Ç'UVaRSVNÃkZsàSlN;kVPÈNÃdÒUlfmj�NZ¸hn�Â.ÝR[�S#UVµRN
^tM#¡ Ww[eueN;¸�»tNwaÈk�NÃuGUlµbNpklQTWXNXY�aRWÁ��NZS2[T]�{T¼�k�UlQBUlNwÄ vÀvÞÅ k¹Q�k#UlµbNp£\M#¡ QTYRu¾jBQTSlfhN;u
UVµRN¹Y'abWÁ��NZS [T]_abYbfmUlk fmY�UlµbN¹µbf´ubueN;YÀ¸´QKn�NZS·[�]IUVµbN¹YRNgUo»t[�Sl½�Â·c'fhYRdgN¹UVµbNL^tM ¡\¼l�2YbNZUo»`[�SV½
µRQ�k\Yb[ µbfhuRueNZY�abYbfmUlk;s�»tN¹aRkVN;u�UVµbNwkVQ�WwN.Y'abWÁ��NZS [T]ÑÄOvGvÞÅ k
Q�k·UVµRN.£\M#¡ Q�YRu�jBQTSlfhN;u
UVµRNLY�aRWÁ��NZS
[T]·koU�QBUlN;k#fmY¾UlµbNLÄOvÀvÞÂ?q�µbNXNgÇePÈN;SVfhWXNZY�Ulk
»tNZSlNwSVN;PÈNÃQBUVNÃu
� �pUlfmWXNÃk2»·f¿Ulµ
uef:9�N;SVN;Y�U\UVS�QTfhYbfhYb³T¼áUVNÃkoUOkVNgU kVPb¸hf¿U�kZÂ�¢\¸h¸�UlµbN¹WX[eueNZ¸´k\»tNZSlN
UVS�QTfhYbNÃu aÈk�fhYb³=^ �XfmUVN;SlQTUVfh[�YRk\[T]
QXdg[�Y"�oab³�QTUVN
³�S�Q�ubfmN;Y�U�[�PbUVfhWwf��;QTUVfh[�Y�PbSl[edgN;ubabSVN � 1"�ÔÂ
� 	 	 ®�Î���¯b®

q�µbNX��[KÇ'PR¸m[�U#fhY¾¶R³�abSlNXy kVµb[B»\k UVµbNXSlN;kVab¸mUlk
[T]ÑUVµbNpdZ¸hQ�kVkVf¿¶�dZQBUlfm[�YÀP�NZSV]º[�SlWXQ�YRdgNw[�Y�UVµRN
��� SlabYRk
fhY�NÃQ�d�µG[�]ÑUlµbNX{�NZÇePÈN;SVfhWXNZY�Ulk;ÂX^`[�WwPÈQTSlfmYb³ UVµRNX¢O¸mPRµRQTYbNZUÁQTYRuÀUVµbNp£OM ¡ »tN
kVNZN¹UlµRQBU
UlµbNw£OM ¡ dg[�YRkVfhk�UVN;Y�Ul¸mn�[�aeUVP�NZSV]º[�SlWLk\UlµbNw¢O¸mPRµRQTYbNZU;Â2Ó�Y¾QT¸h¸?]º[�abS#NgÇePÈN;SVfhWXNZY�Ulk
UVµRN#uef:9�NZSlNZYRdZNOfhYpUVµRNZfhStP�NZSV]º[�SlWLQTYRdZN\abYRubNZS·Q¹PRQ�fmSlN;uLU�¼áUVN;k�U�»tQ�kÑkVfm³�Ybf¿¶�dZQTY�U�QBUtUVµbN#¸mN;j�N;¸Z�� � 0 �b��Â�q�µbfhk\fmYRubfhd;QBUVNÃk�UVµÈQBUO³�fmj�NZY�QwdZ¸hQ�kVkVfm¶ÈdZQTUVfh[�Y�YbNgUo»t[�Sl½p»·fmUVµ�Qw¶bÇeN;u�Y'abWÁ��NZSO[T]
PRQ�SlQ�WwNZUVN;Slk;sàUVµRNZSlNLfhk¹Q�YÞQ�uejBQTY�U�QT³�NwUl[�aRk�fhYb³�WLQTY'nGkVWLQT¸h¸ÑÄOvGvÞÅ k.QTYRu¾aRkVfhYb³ÀQT¸h¸_UVµRN
PRQ�fmSl»·fhkVNXfmYb]º[�SlWXQTUVfh[�YÞQT��[�abUÁQTYÞ[��Èk�N;SVj�N;uGkVN;ß�abN;YRdgN�s�Q�k
[�PbP�[�kVN;u�Ul[�aRk�fhYb³GQ�YbNZUo»`[�SV½
»·fmUVµ�QXk�fhYb³�¸hN
¸hQ�SV³�N2ÄOvÀvEP�NZS\dg¸´Q�klk;Â
Ó�Y�UVµbN
UlµbfhSlu�NgÇeP�NZSlfmWXN;Y�U\fhY'j�[�¸mj'fhYb³wUVµbN¹v�['z#YbNgU\»tN2k�N;N
UVµRQTU\f¿U�k·P�NZSV]º[�SlWXQ�YRdgN
f´k\dg[�Ww¼
PRQ�SlQ��b¸mNtUl[ UlµRQBU�[�]ÈUlµbN\¢\¸hPbµRQ�YbNgUÃÂ_q�µbfhk_kVab³�³�N;k�Ulk�UlµRQBU_UlµbN\ÄOvGvÞÅ kÑQT�bfh¸mfmUon2Ul[2Ww[eueN;¸eUVµRN
UVN;WXPÈ[�SlQ�¸rkoUlSVaÈdÒUVaRSVN2[�]?UlµbNÁubQTUlQXf´k\Yb[�U\SVNÃQT¸h¸mn YbN;dZN;klkVQ�SVnX]º[�S·UVµbN.k�P�N;Q�½�NZS\dZ¸hQ�kVkVfm¶ÈdZQTUVfh[�Y
UlQ�k�½XQ�k�»`N\µÈQKj�N\kVNgUÑfmU`abPrÂ ��¡\N;j�NZSVUVµRNZ¸hN;klkZs�UVµbN\P�NZSV]º[�SlWLQTYRdZN·[T]à��[TUVµpUVµbN#¢\¸hPbµRQTYRNgU`Q�YRu
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 dIfYZ4Xmgoi6iUcou�Z4a�Z��Ha�c i�Z7k�Z>umiUZ>u"ae]�k�Z gda*Z�[Ypqi�Z>u"a�p�
mx>g-a�prcouBz"pru`]wa�Z g1i}c-d ��^`_ba�prk`_rZCi�pr�1pra k`XU[jg1]�Z>]



UVµRN¹v�[�z#YbNZU\fhk�¸hN;klktUVµÈQTY�UVµbN¹£OM ¡ÁÂ
i\Yb]º[�SVUVabYRQTUVN;¸mn3UVµbN,^tM ¡ QTYRu ^tM#¡·¼���YbNgUo»t[�Sl½ekLP�NZSV]º[�SlW WÁaÈd�µ0»`[�SlkVN�UVµRQ�Y0»`NÀNZÇ'¼
P�N;dÒUlN;uàÂ_�0µRfm¸hN »tN\NZÇ'P�N;dgUVNÃuLUVµRN;kVNOWX[eueNZ¸´k`UV[ÁP�NZSV]º[�SlW k�fhWXfm¸´QTSl¸mnwUl[¹UVµRN#£\M#¡¹s'fmU�kVNZN;WLk
UVµÈQBU_UVµRN·[�PeUlfmWXf��;QBUlfm[�Y.PRSV[edgNÃueabSlNtUlQT½�N;k�WÁaÈd�µw¸h[�YR³�NZSI»·fmUVµwUVµRN;kVN·Ww[eueN;¸hk;ÂIq�µbfhk�fhkIPbSl[��b¼
QT�R¸mnÀ��N;d;QTaRkVNwUVµbNLkVWLQT¸h¸_fmYbfmUVf´QT¸Ñ»`N;fm³�µ�U�k ]ºSV[�W UVµbNpÄ vÀvÞÅ k
UV[�UlµbNLYbNgÇ'U2¸´QKn�NZS2kVNZj�NZSlNZ¸hn
QBUVUVN;Y�aÈQBUVN¹UVµbN.�RQ�d�½'PbSl[�PRQ�³�QTUVN;u�NZSlSV[�SOueN;SVfhjBQBUVfhj�NÃk�UVµÈQBU#Q�SVN2aÈk�NÃu�UV[LUlSlQ�fmY�UlµbN.Ä vÀvÞÅ kZÂ
¢OkOQ.SlN;kVab¸mU�UVµbN.^tM#¡(YbNgUo»t[�Sl½ek�ue[LYb[TU\dZ[�Y'j�N;SV³�N PbSl[�P�NZSl¸hnLfmY�UVµRN
UVfhWwN¹Q�¸m¸h[B»tN;uàÂ
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