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G�H	I*JLKFMNH	JLMNJLOQPRI�PTS�H	JLI�PTUVPTKFMNWYXZG�I[KQG�KF\�]@PTKQG�KFPTW^W^_�`�PTacb�H	W^PdJLM�afeFb�KFg�PTWYW^JLg�K"b�KhJiKFj	KFJiMZPRKQH	UV`�PTI[G�XQMZJiUVPTW
JLK"PTO�PTIlkmJLKQMZPTI�OQb�n�W^H	IlI�G�H	KFo5JLKQghMNeFPpG�I�JLg�JLK@q

r eFPsX�G�nLnLG�t0JLKFg<MZeQPTG�I�PTUuWdv	I�G�OQJLo5PsX�H	IlMNeFPTIwPTO�JLo5PTKFafP2MNeFb�M5G�KFnLkxKFG�KQ\�]@PTKQG:X�G�IlUuH	nLb�Wdb�I�PyG�`�MNb�JLKFPTo
W^MNb�I�MZJLKQghXZI�G�UzKFG�KQ\�]@PTKFGhOQb�IlJib�`�nLPTW�q
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� � �c�i�f¡R¢ PTP2MZeQP$JLo5PTKFMNJLMZk<v	IlJiKFafJLv	nLP$X�G�I G�nLG�UVG�I�v	e£X�H	KQacMNJLG�K¥¤�¦d§�¨�©�ª^«FMNeFP$¬�PTI�G�WRG�X[b�Kub�KQb�nLk�MNJLayX�H	KFafMNJLG�K
b�I�PdJiW^G�nLb�MNPTo<�H	KFniPTW^W^_�G�X�afG�H	IlW^PT_�X�O�b�KFJLW^eQPTW&Jio*PTKQMZJiacb�nLnLk�® ¯

{@|5}�~���}��.������°�� �7�����[�Z�i�$�*���������������������c���i�f�����8�y�i�[���f�����@�����c±��������h²$� �Z�����f�f���$����� �y�<�7�i�[���f�����@�����c¡

� � �c�i�f¡ r eFPRg�Ilb�v	e"G�XQb�K"b�KFb�nLk�MNJLa7XZH	KFafMZJiG�K:acb�KFKQG�MFeFb�O�PRJLKFj	KQJLMZPTnik0UVb�KFk³JLKQMZPTI�W^PTacMNJLG�KFWwt"JiMZe:bynLJLKQPyk³´
afG�KFW^MNb�KQMF�G�I8b�KQkhW^MNIlb�JLg�eFMQnLJLKFPT®FJLK"byj	KFJLMNPpJLKFMNPTIlO�b�n�q ¯
r eFPTI�PTX�G�I�Pxv	JLPTacPTt0JLW^PVb�KFb�nLk�MZJia:OQb�IlJLb�`�nLPTW³acG�I�I�PTafMZnikµPT¶�afnLH	o5P<H	KFo5PTW^JLI�PTo·`�PTeFb�OQJLG�I�W^_wb�nLniG�t¸MNeFPTJLImH	W^P
t"JLMNeFG�H	MFMZeQPRIlJLW^¹³G�XFJLKQMZI�G�o5H	acJiKFg³]@PTKFGmPTKFMNJLMNJLPTW^_�b�KFoxUuG�I�PTG�O�PTIZ_�MNeFPTkmafG�UVv	I�PTeFPTKFoxO�b�I�JLb�`�niPTW^_TW^H	ace"b�W
W^JLKQH	W^G�JLo5W7G�IYI�b�Uuv	W@G�IYG�MNeFPTIYW^JLUuJLnLb�IYG�KFPTW^_�G�X�MNPTK0H	W^PTo<MZGmUuG�o*PTn�I�PTb�n(t"G�I�o<S�H	b�KFMNJLMNJLPTW�q

º&» ¼&» ½ ¾À¿FÁyÂ�ÃuÄ�Á0¿£Åh¿FÆlÁpÇÉÈ�Á0ÊDÆ�ÁyÇËÄ�ÌËÍyÈ�Î ÍyÈ�Ì�ÆTÈ�ÏpÎTÄ
r eFPhX�G�nLnLG�t0JLKFg,MNt"GVv	I�G�v	G�W^JLMNJLG�KFW^_5t"eQG�W^P0v	I�G�G�X@JLW2I�PTv	G�IlMNPTo?JLKÐ¤�Ñ2ÒµÓ�Ó�ª�_	afG�UV`�JLKQP0MNeFP³o5PTj	KFJLMNJLG�K?G�X
KFG�KQ\�]@PTKQGhb�KFoxG�X�v	G�JLKQM�b�KFoxJLKFMNPTIlO�b�n(OQb�IlJib�`�nLP�q
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õ Ppacb�nLn � MZeQPpo*PTXZb�H	niM�O�b�nLH	PRG�X � q
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ù�úsù�û ëüä å�æyçTè?çËê³ëþýVí ú ð5ñVèéçËêsò2ówëþý,í û ð*ñ?ëZýuí ú2ÿ ýVí û ð�ð

MNeFb�M�UVPTb�KFW � JiW7v	JLPTafPTt"JLW^PyafG�KFW^MNb�KQM�b�KQo5_�b�MFMNJLUVPyv	G�JLKQMZW&t"eFPTKxJLMQaceQb�KQg�PTW^_�JLM�PTJiMZeQPTIY¹�PTPTv	W7MNeFPpv	I�PTOQJL\
G�H	WwOQb�nLH	Pp�MNeFPRO�b�nLH	PR`�PTX�G�I�PRMZeQPyafeFb�KFg�PT®QG�IYJLMFb�W^W^H	UVPTWwMNeFPpKFPTt4O�b�nLH	PR�MNeFPRO�b�niH	Pyb�X�MNPTI*MZeQPyafeFb�KFg�PT®Bq

¢ JLKQacPybÉKQG�KF\�]@PTKQG"JLKQMZPTI�OQb�nQO�b�IlJLb�`�nLPpJLW v	JLPTafPTt"JLW^PyafG�KFW^MNb�KQMZ_�PT¶�v	I�PTW^W^JLG�KQW nLJi¹�P���MNeFPyO�b�nLH	PyG�X � JLUu\
UVPTo5JLb�MNPTnLk$`�PTX�G�I�P �b�X�MNPTIl®�MNeFPdafH	IlI�PTKFM�JLKQW^MZb�KFM��yb�I�P b�nLt"b�k�WYt"PTnLn(o5PTj	KQPTo q r eQPTI�PTXZG�I�P7t"Pdafb�K³JLKFMNI�G�o*H	afP
JLK r����	� MNt"G³G�v	PTIlb�MZG�I�W �����Z�c���fø  � ®Qb�KFo ���cøR�f�  � ®�_To5PTKFG�MNJLKQg0MNeFPRO�b�nLH	PRG�X � JLUuUVPTo5JLb�MZPTnikh`�PTX�G�I�Pdb�KFo
b�X�MNPTI8MNeFPRafH	IlI�PTKFM�MZJLUuPpJLKFW^MNb�KQMBq
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( W*W^PTPTKÉX�G�I	XZG�IlUVH	nib�W^_ct"P7b�I�P&JiKFMNPTI�PTW^MNPTohJiK$acnLG�W^H	I�Pwv	I�G�v	PTI�MZJiPTW*G�X�MNeFP&O�b�I�JLG�H	W[¹�JLKQo5W[G�X�O�b�I�JLb�`�niPTW�q r eFP
afG�UVv	b�IlJLW^G�K³`�PTMZt"PTPTK$O�b�IlJLb�`�nLPTW[G�X�MNeFP7W^b�UuP MNk�v	P7�b�v	v	nLJLafb�MNJLG�K$G�X�MNeFP I�PTnLb�MZJiG�KFb�n�G�v	PTI�b�MNG�IlW í*),+í*).-/).0).1/)$2 ®�g�JLO�PTWYb�WYI�PTW^H	niM�bRX�G�IlUuH	nLbpG�XQMNeFP W^b�UuP MNk�v	P43TMNeFH	W^_�XZG�I*PT¶�b�Uuv	nLPT_ËMNeFPdafG�UVv	b�IlJiW^G�K0`�PTMZt0PTPTK³MNt"G
v	G�JLKQMZ\Z`�b�W^PTo:O�b�I�JLb�`�nLPTW8JLW@b�K³PTO�PTKFMlqT¦ G�KFafPTIlKFJiKFg³KFH	UVPTI�JLawOQb�IlJib�`�nLPTW^_TMNeFPRW^PTM�G�XFv	G�JiKFMN\�`�b�W^PTo:O�b�IlJLb�`�nLPTW
b�KFo:nLPTXZMZ\�b�KQo:IlJLg�eQMZ\QacG�KQMZJLKQH	G�H	WwJLKFMNPTIlO�b�n�OQb�IlJib�`�nLPTWYb�I�P afnLG�W^PTo:t"JLMNe"I�PTW^v	PTacM�MNG$b�I�JLMNeFUVPTMNJLa&G�v	PTIlb�MZJiG�KFW
�5	_�\Z_76�_�b�KFo�8�®Qt"eFPTI�PTb�W@MNeFJiW7JLWwKQG�MFMNeFPpacb�W^PRX�G�I8g�PTKQPTIlJLa&JLKQMZPTI�OQb�n�OQb�IlJib�`�nLPTW�q:9

r eFPTW^Phv	I�G�v	PTI�MZJLPTW^_FMZG�g�PTMNeFPTIyt"JLMNe÷MNeFG�W^PhW^PTPTK÷JLKéW^PTafMZJiG�K � q � q � _�UVb�¹�PhJLMwUuG�I�PhacG�KQOQPTKQJLPTKFM@MNG£H	W^P
G�KFnikhbpv	b�IlMNJLacH	nib�I*¹�JLKFoxG�XFafG�KFMNJLKQH	JLMZk�q,;$W^JiKFgmacG�KQW^JLW^MNPTKFMNnLk0G�KQPRG�XFMNeFPRMNt"G$acG�KQOQPTKQMZJiG�KFW&�nLPTXZMZ\�G�I8I�JLg�eFMN\
afG�KFMNJLKFH	G�H	W^®&MZeQP0W^v	PTafJLj	afb�MNJLG�Kéb�KQoµJLMNW2b�KFb�nLk�W^JLWsb�I�Pmg�I�PTb�MZnLkuW^JLUVv	niJLj	PTo�3[MNeFPTI�PTX�G�I�PmJLKéMZeQP0X�G�ninLG�t"JLKQg�_
H	KFniPTW^W2G�MNeFPTIlt0JLW^PhPT¶�v	nLJLafJLMNnLkVW^MNb�MNPTo5_Ft"P³t"JLnin[b�W^W^H	UVP³MZeQb�M8JLK,G�H	IRW^v	PTacJij	acb�MZJiG�KFWyJLKFMNPTIlO�b�n5v	I�PTo5JLacb�MNPTW
b�KFo<OQb�IlJLb�`�nLPTW@b�I�PdKQG�KF\Z]@PTKFG0b�KFoxnLPTXZMZ\ZacG�KQMZJiKFH	G�H	W&�IlJig�eQMZ\ZacG�KQMZJiKFH	G�H	W t0G�H	nLou`�PpPTS�H	b�ninLkhb�afacPTv	MNb�`�nLPT®Bq
¢ PTPRW^PTafMZJiG�K � q <yX�G�I[b2`�IlJLPTXQacG�Uuv	b�I�JLW^G�K"t"JiMZe:G�MNeFPTIYnib�KQg�H	b�g�PTW�q
º&» ¼&» ¼ !<¿FÁ�=(Î>#*"cÆ�ÍyÄ:Ì�Ä@? È�ÌBA*"
r b�`�nLP � q � W^H	UVUub�I�JL¬�PTW0MZeQP£o5PTj	KFJLMNJLG�KFW:G�XyMNeFP£UuG�W^MsI�PTnLPTO�b�KQMRMZk�v	PTW"G�XyPTKFMNJLMNJLPTW"JLKQMZI�G�o5H	acPTo·JiK MNeFP
v	I�PTW^PTKFM8W^PTafMNJLG�K@q õ PheQb�O�P³W^GuXZb�IRJLKQMZI�G�o5H	acPTo?MNeFP³KFG�MNJLG�K÷G�X@v	G�JiKFMN\�`�b�W^PTo÷b�KQoµJLKQMZPTI�OQb�n	`�b�W^PTo÷v	I�PTo5\
JLafb�MNPTW^_ËXZG�IlUVH	nib�W^_Tb�KFo"O�b�IlJLb�`�nLPTW^_Ëb�KFo"t"P7W^MZb�MNPTo"b�KQo"v	I�G�OQPTohW^G�UVPRJLKQMZPTI�PTW^MZJiKFgÉv	I�G�v	PTIlMNJLPTW�q õ PdPT¶�v	PTacM
MNeFb�MFMNeFPTW^PyKFG�MNJLG�KFW7t"G�H	nLoV`�PpH	W^PTX�H	n�JiK:UVG�o5PTnLJLKQg0afG�UVv	G�KFPTKQMZW7G�X�I�PTb�nL\Zt"G�Ilnio<W^k�W^MNPTUVW^_�`�H	MFMZeQPTJLIYH	W^P
JLWpKFG�M[JLKFMNPTKFo5PTo?MZGx`�P$UVb�KFo5b�MZG�I�k(q � K£g�PTKFPTIlb�nL_�o5H	IlJLKQg ¢ k�W^MNPTU � PTS�H	JLI�PTUVPTKQM ( KFb�nLk�W^JLWRb�K£PTKFg�JLKQPTPTI
t"G�H	nLoµ`�PmXZI�PTPmMNGuJLKQMZI�G�o5H	acP³b�KFkVv	I�PTo5JLafb�MNP$G�IROQb�IlJib�`�nLPT_QMZG�g�PTMNeFPTIpt"JLMNeéW^H	JLMZb�`�nLP³b�¶�JLG�UVWyo5PTW^acI�JL`�JLKFg
I�PTnLPTOQb�KFMFv	I�G�v	PTI�MZJLPTW�«�G�KFnLk:KQG�KF\�]@PTKQG�KFPTW^WRJLW7PT¶�v	PTafMZPTo<MNG0`�P2bÉMNI�H	nLk"g�PTKFPTI�b�n�b�KQoVKQPTacPTW^W^b�Ilkhb�W^W^H	Uuv	\
MNJLG�K@q � KQPVG�XdMNeFP<v	H	Ilv	G�W^PTW³G�XRMZeQPuv	I�PTW^PTKFM7t"G�Il¹÷JLW0MNG?PTKFafG�H	Ilb�g�PxPTKQg�JiKFPTPTIlW³v	PTIlXZG�IlUuJLKFg ¢ � ( MNG
JLo5PTKFMNJLXZk0X�I�G�U MNeFP2O�PTIlkh`�PTg�JiKFKFJiKFg"W^G�UuP2MNk�v	Jiacb�n�v	b�MNMZPTI�KFW&G�X	`�PTeFb�OQJLG�IN_�b�KFouMZGhUVG�o5PTn�MZeQPTU JLKxMZPTI�UVW
G�X&W^H	JLMZb�`�nLP"v	I�PTo5PTj	KFPToµPTKQMZJiMZJLPTW�q r eFJLW2t"b�k,MNeFP0PTKFg�JLKFPTPTIyt"JLninY`�P0b�`�niP"MZGVMZb�¹�P"X�G�Ipg�Ilb�KFMNPTo b:W^PTMwG�X
v	I�G�v	PTIlMNJLPTW^_ËMNG$H	W^PdMZeQPTU.XZG�I*XZH	IlMNeFPTI*b�KQb�nik�W^JiWYb�KQo:v	I�G�G�XZWYG�X�UVG�I�PdPTnLb�`�G�I�b�MNP v	I�G�v	PTIlMNJLPTW^_Ëb�KFo:MNGÉPTb�W^JLnLk
v	PTIlXZG�IlUzW^JLUVv	nLPy`�H	MQS�H	JLMNPyPTXZXZPTacMNJLO�P afeFPTaf¹�WwG�X�afG�IlI�PTafMZKQPTW^W^_�afG�UVv	niPTMZPTKQPTW^W^_�b�KFo<acG�KQW^JLW^MNPTKFafk(q

CEDGF HJIEKMLONQPSRET�REUOVXWYREZO[YRET\PSIET4RE]4^4NQU_[`REKMNQUOabIEUO]4^4]4^4IE[
� KuMZeQP$v	I�PTO�JLG�H	WdW^PTafMNJLG�KVt"P$XZG�acH	W^PTo,G�H	I&b�MZMNPTKFMNJLG�K£G�KuOQb�IlJLG�H	W MZk�v	PTWRG�X*MZPTUuv	G�Ilb�n�PTKFMNJLMNJLPTWc3FKQG�t t"P
JLKQMZI�G�o5H	acPxafG�KFW^MNI�H	afMZW³MNG÷I�PTnLb�MZP"MNeFP<W^k�W^MZPTU PTKQMZJiMZJLPTWmt"JiMZe PTb�aceµG�MZeQPTIBq � K r������ _[b�Wmt"PTnin@b�WmJLK b�KFk
o5PTW^acI�JLv	MNJLOQP2X�G�IlUub�nFKFG�MNb�MNJLG�KF_QMZeQPTW^PmI�PTnLb�MNJLG�KFWRafG�H	nLoé`�P$UVG�o5PTnLPToé`�k<UuPTb�KQWRG�X8W^H	JLMNb�`�niP$b�¶�JLG�UVW^_Qo*PT\
j	KFPTo �f�s���câ X�G�IYPTb�acehW^JLKFg�nLPyW^k�W^MZPTU.MZGm`�PpUVG�o5PTnLPToxb�KQoub�KFb�nLk�¬�PTo qed5O�PTK"MNeFG�H	g�e:b�oxeQG�a b�¶�JLG�UuW&afb�K
b�nLt"b�k�W8`�P PTUVv	nLG�k�PTo:MNG$PT¶�v	I�PTW^W8b�KFk$¹�JLKFoxG�X�I�PTnib�MNJLG�Kmb�UuG�KFgmPTKFMNJLMNJLPTW^_�t"PdJLKQMZI�G�o5H	acP eFPTI�P W^G�UVPRg�PTKQ\
PTIlb�nL_(eQJLg�eVnLPTO�PTnFb�KFoVJLKFMNH	JLMNJLOQPTnik<b�v	v	PTb�nLJLKFg0acG�KQW^MZI�H	acMNWRMNG"UVG�o5PTnFb$XZPTtzMNk�v	JLafb�nL_�O�PTIlk:XZI�PTS�H	PTKQM	MZk�v	PTW
G�X&I�PTnLb�MNJLG�K@q ( XZMZPTIRbxO�PTIlk£`�IlJiPTX&PT¶�v	nLb�KFb�MZJLG�K?G�X&G�H	IyUuG�o5PTnL_[JiK÷W^PTafMZJiG�K � q fFq g"t"P"JiKFMNI�G�o5H	afP0b:o5JLI�PTacM
t"b�khMNGmo5PTj	KFPRKFPTt4o5PTI�JLOQPTo:PTKQMZJiMZJLPTW&X�I�G�U.G�MNeFPTI8v	I�PTO�JLG�H	W^nLkmo5PTj	KFPTo<G�KFPTW�q � K"W^PTafMNJLG�K � q fFq � t"PRJLKFMNI�G�\
o5H	acPpbyUVPTMNeFG�ouMZGmUVG�o5PTn�MNeFPpaceQb�KQg�PyG�XFJLKFMNPTIlO�b�n�O�b�IlJLb�`�nLPTW@b�Wwafb�H	W^PTox`�k³PTOQPTKQMZW^_�MZeQH	W&XZG�IlUub�nLJi¬�JLKQghb
afb�H	W^PT\ZPTXZXZPTacM�I�PTnib�MNJLG�Km`�PTMZt"PTPTKmPTO�PTKFMNWYb�KFo0JiKFMNPTIlO�b�n�OQb�IlJib�`�nLPTW�q � K³W^PTafMNJLG�K � q f�q ©7t"PdJLKQMZI�G�o5H	acP&v	PTIlJLG�o5JLa
PTO�PTKFMNW�q � K"MZeQPRnLb�W^MFW^H	`�W^PTacMNJLG�K:t"Ppo5JLW^afH	W^WwUVPTb�KFWwMZGmUuG�o*PTn�afb�H	W^PT\FPTXNX�PTafM�I�PTnLb�MZJiG�KFW@`�PTMZt0PTPTK"PTOQPTKQMZW�q
º&»ih	» j k ¿@ÊpÄ�Î Âml4Ä�ÌËÆ�ÍyÄ	Ê Ä�ÁpÇlÆlÇ�ÆTÄ%"
( W5t"P&`�I�JLP4n	kyI�PTafb�ninLPTomJLK$MZeQPwJLKFMNI�G�o5H	afMZJiG�KF_Ëb7acI�JLMZJiacb�nTW^k�W^MZPTU4Uub�ksb�`�W^MNIlb�acMNnLkp`�P&O�JLPTt"PTo³b�W[afG�UVv	G�W^PTo
G�X	bÉafG�UVv	H	MNPTIlJL¬�PToVo5PTO�JLafPsZMZeQP�oÉPTO�JLafP�;$KQo5PTI@¦dG�KFW^MNI�H	afMNJLG�KF_poq;$¦ ®	MZeQb�M�JiKFMNPTIlb�acMNW7t0JLMZexJLMNW PTKQOQJiI�G�KQ\
UVPTKQMZ_�t"eQJLafeuJLM*JLWdJiKuafeFb�I�g�PsG�X*UuG�KFJLMNG�IlJiKFg<G�I7afG�KFMNI�G�ninLJLKFg�_�MZeQI�G�H	g�e<b�K<JLKQMZPTI�X�b�acPyacG�KQW^JLW^MNJLKFg<G�X[b$W^PTM
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r b�`�nLP � q � «�b�nLn�MZeQPpo*PTj	KQJLMNJLG�KFW
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G�X5W^PTKFW^G�I�W b�KFoVb�afMZH	b�MZG�I�W�q r eQJLW O�JLPTt JLW afG�KFW^JLW^MNPTKFM	t0JLMZe<W^PTO�PTIlb�n�UuG�o5PTnLW v	I�G�v	G�W^PToVJLKxMNeFPsnLJLMNPTIlb�MZH	I�PT_
W^PTPRX�G�I8JLKFW^MNb�KQacP�Ö	b�IlKQb�Wc×�Ø�G�H	IÚÙ[b�IlJLb�`�nLPTW@UVG�o5PTn*¤�Ö	ÒDÓ�f�ªQb�KQou§Zb�af¹�W^G�K�Ûï]@b�O�P4×iW@UuG�o5PTn*¤�]@§�Ó�¨�ª^qÜ H	JLMNPhG�XZMZPTK,MNeFPho5H	MZkuG�X@MZeQP*oq;$¦ïUub�ku`�P³o5PTW^acI�JL`�PTo÷b�WyacG�Uuv	H	MZJLKQg£MNeFP0O�b�nLH	PmG�X@JLMZWsG�H	MZv	H	M@MNG
b�acMNH	b�MNG�IlWwW^MNb�I�MZJiKFg³X�I�G�U MZeQPpJLKFv	H	MNW7v	I�G�o5H	acPTox`�k³MZeQPyW^PTKQW^G�IlW^_�MZeQPTI�PTXZG�I�PRJLMNWwW^v	PTacJij	acb�MZJiG�K:W^eFG�H	nLouo*PT\
W^afIlJL`�P0afnLPTb�IlnLkub�KQoµH	KQb�Uu`�Jig�H	G�H	W^nik,MZeQP0o5PTW^JLI�PToµI�PTnLb�MNJLG�K,`�PTMNt"PTPTKéJLKFv	H	M@b�KFoDG�H	MNv	H	Mlq r GuX�b�acJinLJLMNb�MNP
MNeFP2o5PTj	KQJLMZJiG�KuG�X5MNeFJLWdI�PTnLb�MZJiG�KF_(o5PTW^JLg�KFPTI�W G�XZMZPTKxj	KFo,JiM	H	W^PTX�H	n�MZGhJLKFMNI�G�o5H	afP2KQPTty_�o5PTI�JLOQPTo_��JiKFMNPTIlKFb�nÝ�
PTKFMNJLMNJLPTW^_�MZeQb�M�o5GmKFG�MFo*JiI�PTafMZnik³afG�IlI�PTW^v	G�KFoxMNGhI�PTb�nL\�t"G�I�nLoxPTnLPTUVPTKQMZWwG�X�MNeFPyPTKFO�JLI�G�KFUuPTKFMN_�`�H	MFb�I�PRacG�Uu\
v	H	MNPTo<XZI�G�U MNeFPpJLKFv	H	M�b�KFoxMZk�v	JLafb�nLnLkmb�afafG�H	KFMFXZG�I8MNeFPRafH	IlI�PTKFM�W^MNb�MNPRG�XFMNeFPRafG�UVv	H	MNb�MNJLG�K"JiK"b�KhPT¶�v	nLJiacJLM
b�KFoxeFH	Uub�KQ\�H	KFo5PTI�W^MZb�KFo5b�`�niPRt"b�k�q� K:MNeFPyX�G�ninLG�t"JLKQg"W^H	`�W^PTacMNJLG�KFW7t"Pyt"JLnLn�JLKQMZI�G�o5H	acPyacG�KQW^MZI�H	afMZW7H	W^PTX�H	n�X�G�IYo5PTj	KQJLKFg"o5PTI�JLOQPTo<PTKFMNJLMNJLPTW
b�KFoxI�PTnib�MNJLG�KFWwb�UVG�KQghMNeFPTUDq

º&»ih	» ½ lÐÆlÌ�Ä@=(Ç�Î>ÞßlÀÄ@àyÁhÄ	ÊâáYÁpÇlÆlÇ�ÆTÄ%"
r eFPRW^JLUuv	nLPTW^MFt0b�kmMNG$JLKFMNI�G�o5H	afPRo5PTIlJLO�PTo"PTKFMNJLMNJLPTWwJLW'ãþH	W^MQMZG$o5PTj	KFPRMNeFPTU.b�WYo5JLI�PTafMZnLk$afG�IlI�PTW^v	G�KFo5JLKQghMNG
G�MNeFPTIYW^k�W^MNPTU PTKFMNJLMNJLPTW�q�Ø�G�I@PT¶�b�Uuv	nLPRb�KhPTOQPTKQM'äxUVJig�eQM�`�PRJLKFMNI�G�o*H	afPTox`�khbso*PTj	KQJLKFg³b�¶�JLG�U niJL¹�P�«

åçæèåmì@é�ó%êìë$çBíBî_ï7ð ú
t"eQPTI�PJäµJLWsMZeQP0KQb�UuP0G�X@MNeFP0PTO�PTKFM@b�KFoñä ��������ò��c���$���i� JiW2b r������ X�G�I�UVH	nLb:MNeFb�MYeFb�W2v	G�JiKFM@`�PTeFb�OQJiG�I
`�k"afG�KFW^MNI�H	afMZJiG�KuZW^PTPsW^PTafMZJiG�K � q � q � b�KQo r b�`�nLPTW � q  b�KFo � q gÉXZG�I@I�H	niPTW v	I�G�OQJLo5JLKQg0W^H	XNj	acJiPTKFM	afG�KFo5JLMNJLG�KFW
MNG£aceQPTac¹Vt"eFPTMNeFPTIyb:X�G�I�UVH	nLb:JLW2b�KéPTO�PTKFMN®^q ( o*PTj	KQJLMNJLG�K÷G�X&MNeFb�M@MZk�v	P0JiKFMNI�G�o5H	afPTWÉb"KFPTafPTW^W^b�Ilk£b�KFo
W^H	XNj	acJLPTKQMFafG�KFo5JLMNJLG�K:X�G�IYä ¡� KhMZeQPpW^b�UuPRt"b�k³b�W@X�G�I8v	I�PTo5JLafb�MNPTW^_To5PTW^JLg�KFPTIlWwafb�Kho5PTj	KFPRKFPTt4O�b�IlJLb�`�nLPTW^_T`�khW^JLUuv	nLk0JiKFMNI�G�o5H	afJLKFg
KFPTt4b�¶�JiG�UVWwW^JLUVJinLb�I8MZGmMNeFPpX�G�nLniG�t"JLKFg0G�KFPT_�H	W^PTouMNGmo5PTIlJLO�PRMZeQPpOQb�IlJLb�`�nLP ��¡

ý£íóé�ý�åSíBé4ôBô$õ�çËó
õ eQPTK£MNeFPmo5PTW^JLg�KFPTI H	W^PTWpbho*PTj	KQJLMNJLG�K,G�X8MNeFJLWyMNk�v	PT_�eFPmG�IdW^eQPmUVH	W^MYafeFPTaf¹uMNeFb�M � b�KFo �����������������c�

b�I�P³G�X@MZeQP"W^b�UVP³MZk�v	PT_5H	W^JLKFg,MNeFPho5PTj	KFJLMNJLG�K?G�X&MNeFPhW^H	v	v	G�W^PToDMNk�v	P³�g�JLO�PTKéJLK r b�`�niP � q � ®@G�Ipo5JLI�PTacMNnLk
MNeFP<I�H	nLPTW³g�JLO�PTK JLK W^PTacMNJLG�K � q ©�q � q � K MZeQPuMNG�G�nwMZeQb�Mdt0P<eQb�O�Px`�H	JLnLMdMNeFP<acG�KQW^MZI�b�JiKFMdb�`�G�H	M �����������������c�
JLWÉb�H	MNG�UVb�MZJLafb�nLnLk£g�PTKFPTI�b�MNPToµZb�W r ¦d¦m« r k�v	Ph¦dG�IlI�PTafMZKQPTW^W2¦dG�KQo*JiMZJLG�KQW^®7b�KFoµMZeQP0H	W^PTIpJLWÉJLK?afeFb�I�g�P³G�X
v	I�G�OQJLKQghJiMZ_�v	G�W^W^JL`�nLk³t"JLMNe:MZeQPyb�W^W^JLW^MNb�KQacPRG�XFMZeQPyMNG�G�n�JLMNW^PTnLX^qö�÷�Þ��£Õ5à�}R����� � K"G�H	IYafb�W^PRW^MNH	o5kht0PyeQb�O�PRo5PTj	KFPToxMNeFPTW^PpMZt0G³PTO�PTKFMNW�«

ô$ê çBå'øÀçËì@õüó7ù�ädå æûú ú ô$êìé�î}üìüËëýù ú êìé2íóîVçËì@õüó7ù�ädåþ)ìÿ5ð

ô$ê çBå'øÀçËì@õüó7ù��<çËêpó æ
�����
�

ú ú ô$êìé�î}üìüËëýù ú êìé2íóîVçËì@õüó7ù��<çËêpó�)ìÿ5ð
ÿ

ù ê �� ú ú ô$êìéËî@üìüËëýù ú êìéÉí î£çËì�õüó7ù��xçËêpó�)�ê�ð�ñ� ú ô$ê�ë�ú ú ô.êìéËî üìü ëiù ú êìé2íóîVçËì@õüó7ù�ä åY)�ê�ð:)�ê�ð�ñ� ú ô$ê�ë��*é
	fçBîOé4ô�ëiù ú êìésí î£çËì�õüó7ù�ä åFð:)����ê�ð
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�����f���·�c���i�B��� � G�afafH	IlWmt"eFPTKµMZeQPug�b�MZP:I�PTb�afeFPTW$MNeFPxG�v	PTK v	G�W^JLMNJLG�K b�X�MNPTI2UuG�OQJLKQgµH	v¥X�G�I ÿ MZJiUVP
H	KFJiMZW7X�I�G�U b2afnLG�W^PToVv	G�W^JLMNJLG�K<�I�PTacb�nLn(MNeFb�M�MNeFPso*G�t0KFt"b�I�o<UVG�MNJLG�K<G�X	b2`�b�I@acb�KFKQG�M�`�PsJLKQMZPTI�I�H	v	MNPToV`�k
b�K ��� afG�UVUub�KQo*_Qt"eFJinLPhb�KVH	v	t0b�I�oéUVG�MNJLG�K,acb�K£`�P$JLKQMZPTI�I�H	v	MNPTo÷`�k<b ���føR� afG�UVUub�KQo5®^q r eQPmG�MZeQPTI
PTO�PTKFMN_ �����f��� �f�����4���$�føR��± G�acafH	IlWwb�X�MNPTI[MNeFPRg�b�MZPReQb�Ww`�PTPTK0UuG�OQJLKQgho5G�t"K0X�G�I ÿ MZJiUVPpH	KFJLMNWw�JLKhacb�W^PRMNeFP
`�b�I7t"b�WyafG�UVv	niPTMZPTnLkuG�v	PTK£t"eQPTK,JLM8I�PTacPTJiOQPToéMNeFP ���føR� acG�UuUVb�KFo5®�_FG�Id`�PTacb�H	W^P � MNJLUVPmH	KFJiMZWyb�g�Gxb�K
H	v	t"b�I�ohUVG�MNJLG�K0nib�W^MNJLKFg$W^JiKFafP � MNJLUuP H	KFJiMZW@`�PTX�G�I�P&t"b�W[JLKFMNPTIlI�H	v	MNPTo:`�k2b ���føR� afG�UVUVb�KFo:MNeFb�M�acb�H	W^PTo
MNeFPp`�b�I[MZGmI�PTOQPTI�W^PdJLMNW&UuG�MZJiG�K<MNG �$�c���i�B���$�cøR� q

õ PReFb�O�Pyo5PTj	KQPTo<b�nLW^GmMNeFPpX�G�nLniG�t"JLKFghOQb�IlJib�`�nLPTW�q
� æ�� í �����! "���(ò� æ��#� í å ú ô$ê�ë$��%&� )lî�'Éð( )����ò� æ��#��* í å ú ô$ê�ë$��%&� )lî�'+ ñÿ5ð, )�!�(ò
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-�.0/ JLWsMNeFPmKQH	UV`�PTIRG�XYMNIlb�JLKFWpafH	IlI�PTKFMNnLkuJiK,I�PTg�JLG�K � q � æ��#� JiWsMNeFPmUVb�¶�JiUVH	U KFH	Uu`�PTIdG�X@MZI�b�JiKFWpMZeQb�M
afb�Kmv	G�W^W^JL`�nLkm`�P JLK³I�PTg�JiG�K � g�JLO�PTKhMNeFP JLKFv	H	MNW(1 / b�KFo /$2 XZI�G�U MNeFP7W^PTKFW^G�IlW@H	vhMZG2MZeQP v	I�PTW^PTKFM�MNJLUVP�«ËMNeFP
nLPTKQg�MNexG�X	MZJiUVP î ' JLKxMZeQPsv	b�W^M�G�v	PTI�b�MNG�IlW&JLW o5PTI�JLOQPTo<X�I�G�U MNeFPsv	PTW^W^JLUVJLW^MNJLaRb�W^W^H	UVv	MNJLG�KxG�X5UVb�¶�JLUuH	U
W^v	PTPToVG�X5MNIlb�JLKFW7UVG�O�JLKFgxXZI�G�U I�PTg�JLG�K31DMZGhI�PTg�JLG�K / q � æ��#� * JiKFafnLH	o5PTW b$X�G�I�t"b�I�o<W^eFJLXZM ÿ _(MNb�¹�JLKQg"JLKQMZG
b�acafG�H	KFMRMNeFPuMZJLUuPVJLMRMNb�¹�PTWhMZeQPV`�b�I$MZGDI�PTb�aceDMNeFPVo*G�t0K�v	G�W^JiMZJLG�KÐW^MZb�IlMNJLKQgDX�I�G�U MZeQPVG�v	PTK�v	G�W^MZH	I�P�«� æ��#� * UVG�o5PTnLWwMNeFPpKFH	Uu`�PTIYG�X�MNIlb�JLKFWwMNeFb�MQafb�K0v	G�W^W^JL`�nLk0`�PRJLK � t"JLMNeFJLK ÿ MZJLUuPpH	KFJLMNW�q� K:G�H	I@PT¶�b�Uuv	nLPpt"Ppo5PTj	KFPToVo5JLI�PTafMZnLk³b�nLW^GhW^G�UuPsG�H	MNv	H	MNW7G�X	MNeFP oq;$¦mq î�çËêpó JiW7bsacG�KQMZI�G�nLnLPTou�G�H	MN\
v	H	MN®YPTOQPTKQM8MNeFb�M8UuG�o*PTniWyMNeFP³afG�UVUVb�KFo?MNGunLG�t0PTIdMZeQPm`�b�Ilq � K£G�H	IRUVG�o5PTn	JLM[JLWsJiW^W^H	PTo÷b�WpW^G�G�K,b�WpMNeFP
KFH	Uu`�PTI	G�X�MZI�b�JLKQW8MNeFb�M(afb�K$v	G�W^W^JL`�nLk2`�P&JLK$I�PTg�JLG�K / t0JLMZeQJLK ÿ MZJiUVP H	KQJLMNW^_ËJ q�P�q � æ��#��* _�`�PTafG�UVPTW[g�I�PTb�MZPTI
MNeFb�K � q r eQPdG�MZeQPTI8afG�UVUub�KQo*_ ï�å _Tt"eQJLafe"UVG�o5PTnLW@MNeFPRafG�KFMNI�G�ninLPToxacG�UuUVb�KFoxMZG$I�b�JiW^PdMZeQPR`�b�IN_TJLW@JLW^W^H	PTo
b�W7W^G�G�Kxb�W � æ��#��* `�PTacG�UuPTW7PTS�H	b�nQMNG³G�I@nLPTW^W MNeFb�K � q � K:W^H	UVUub�I�kc_(MNeFPyafeFG�W^PTKxv	G�nLJLafk0G�X	JLW^W^H	JiKFg:`�b�I
afG�UVUVb�KFo5Wwafb�K"`�PRW^v	PTafJLj	PTo<`�kmMNeFPpX�G�ninLG�t"JLKQg"o5JLI�PTafM�o5PTj	KFJLMNJLG�KFW�q

î�çËêpó æ �Jé4	�çBî é4ô�ë � æ��#��*�265�ðï�å æ �Jé4	�çBî é4ô�ë � æ��#��*�065�ð 7

º&»ih	» º 8�ÁpÇËÄ�ÌËÍyÈ�Î ÍyÈ�ÌËÆËÈ�ÏpÎTÄ%" =:90È�Á�;yÄ	ÊDÏ�ÞôÄ�ÍyÄ�ÁpÇ4"
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W^JLUuv	nLPpb�KQouW^PTnLXZ\�PT¶�v	nLb�KQb�MNG�Ilk$MNb�`�niP�q

;$v r G � G�t PTO�PTKFM � G�t � K
âB�i�f����� ��� �$�c���i�B��� �
�$�c���i�B��� � ���føR� �$�c���i�B���$�cøR�
�$�c���i�B��� � �����f��� �f�����4��� � ñ�\ ���føR� �c�����
�$�c���i�B���$�cøR� �����f��� �f�����4���$�føR� âB�i�f�����
�c����� ���føR� �$�c���i�B���$�cøR�

r eFPRI�PTnLb�MZJLG�K0g�JiOQPTK"XZG�I8MNeFPp`�b�I[eFb�Ww`�PTPTKhOQPTI�JLj	PToxMZG³`�PRo5PTMZPTI�UVJLKQJLW^MZJia(q
7
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PT¶�v	niJLacJiMZnLk³v	I�G�OQJLo5PTox`�kmMZeQPyo5PTW^JLg�KQPTIBq
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MNPTUVv	G�Ilb�n8`�PTeQb�O�JLG�IN_*JiK÷MNeFb�MwMZeQPTk,b�I�PhKQG�IlUub�nLnik?W^MNb�`�niP0H	KFniPTW^W$MZeQP"acG�H	KQMZPTo PTO�PTKFM@G�afafH	IlW^_*JLK÷t0eFJLafe
afb�W^PRMNeFPTk³JLKFafI�PTUVPTKFMQMZeQPTJLIYO�b�niH	P�q

r eFP"`�PTeQb�O�JLG�IyG�X7b�K÷PTO�PTKFM&afG�H	KFMNPTIsJLW$o5PTW^afIlJL`�PToD`�k,MNeFP âB���f�4�F� ] � ���i�f���i�f� o5JLW^v	nLb�k�PToDJLK÷MZeQP:MZb�`�nLP
`�PTnLG�té«

;$v r G � G�t PTOQPTKQM � G�t � K
K d K'5  

Ø�G�IsbxafG�H	KFMNPTI2G�X7b�K?PTOQPTKQM7b�o5UVJLMNMNJLKFgéUVH	niMZJLv	niP:W^JLUVH	nLMNb�KFPTG�H	W$G�afacH	I�I�PTKQacPTW^_*MZeQP:MZb�`�nLP"`�PTafG�UVPTW
�t0JLMZe0J�� � ®^«

;$v r G � G�t PTOQPTKQM � G�t � K
K d5´	J K'5	J
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JLKDMNeFPxv	b�W^M7b�KFo¥JLKµMZeQP<XZH	MZH	I�PT_*MZeQP<afG�H	KFMNPTIÉt"JinLn@`�P:b�KDJiKFMNPTg�PTIsKFH	Uu`�PTI2b�KQo�MNeFPxo5PTW^JLg�KFPTIsW^eFG�H	nLo
j	¶éJLMNW0b£O�b�niH	Pub�MdW^G�UVPuMZJiUVPV�ãþH	W^MRnLJL¹�PuX�G�ImG�MZeQPTImJLKFMNPTIlO�b�nwO�b�I�JLb�`�niPTWht"eQG�W^PV`�PTeFb�O�JLG�I$JLW0I�H	nLPTo·`�k
âB���c�B�F� ] � �����c�Z�i�f� ®^q� KhMZeQPRUVG�I�PRI�PTb�nLJLW^MNJLaw`�H	MQniPTW^W@g�PTKQPTIlb�n(eFk�v	G�MNeFPTW^JLWwMNeFb�MQMNeFPTI�PRJLW@byj	IlW^M�G�acafH	IlI�PTKFafPdG�XQb�KhPTOQPTKQMZ_�J q P�q
MNeFb�MYMZeQPhXZG�IlUuH	nLbM� çBîDë � ðþê��:ë$\ å³ð�ð eFG�nLo5W^_	MNeFP³JLKFJLMNJLb�n[O�b�nLH	PhG�X@MNeFP³afG�H	KFMNPTIRacb�K,`�Phj	¶�PToµb�W � _�b�KFo
MNeFPyacG�H	KQMZPTIwb�W^W^H	UVPTW MNeFPyUVPTb�KFJiKFg"G�X	MNG�MZb�n�KFH	UV`�PTI@G�X	PTO�PTKFM�G�afafH	IlI�PTKFafPTW�q r eQJLW7eQk�v	G�MZeQPTW^JLWdJLW7G�X�MNPTK
b�v	v	I�G�v	I�JLb�MNPT_8`�PTafb�H	W^P:JiK PTOQPTI�k?v	I�b�afMNJLacb�nYafG�UVv	H	MNPTI�\Z`�b�W^PTo¥W^k�W^MZPTU MNeFPTI�P:JLW³bO��W^MZb�IlM&G�XdG�v	PTI�b�MNJLG�K'�
`�PTX�G�I�PRt"eFJiace:KQG³W^Jig�KQJLj	afb�KQM�PTOQPTKQMFG�afacH	I�W�q r eFJiW&JiW7JLK0X�b�acM�MZeQPso5PTj	KQJLMZJiG�K:G�X�acG�H	KQMZPTI�Wwb�o5G�v	MNPTo<JiK:G�H	I
Ñ � ¦ afb�W^PyW^MNH	o5kmb�KQouJLK0MZeQP Ö%Ù ¢ PTKFafG�o*JiKFg[q
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Ö	PTIlJiG�o*JiadPTOQPTKQMZW&eFb�O�PsG�afacH	I�I�PTKQacPTW&MNeFb�M�b�I�PpI�PTv	PTb�MNPTo<b�M�I�PTg�H	nLb�I8MZJLUuPsJiKFMNPTIlO�b�nLW�q � PT¶�M�t"PynLJLW^M	o5PTj	KFJi\
MNJLG�KFW&X�G�I[v	PTIlJLG�o5JLa7PTOQPTKQMZWwb�KFoxW^G�UVPpv	I�G�v	PTIlMNJLPTW@t"eFJiace:t"PTI�PRv	I�G�OQPTo:t"JiMZe:MNeFPpb�W^W^JLW^MZb�KFafPRG�X7Ö%Ù ¢ q
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¡�£¯¥T°�¥g±�¤$d¤$¥g¬g±
 q<²ôJiW&b�afMZH	b�nLnLk³b�KhPTOQPTKQM
gFq�� çBîµë � ð «f² W^G�UVPTMNJLUVPyG�afacH	I�W
� q
�³^ ú ú ô$êìéËîQë�\ � )�î(ð _ �³^ � ú ô$ê�ë � )�î(ð _�b�KQo �´^ ú ú ô$ê�æ�õuî é�ë � )lî�ð «µ²ôJLWwv	PTI�JLG�o5JLa JLK0MZeQPyv	b�W^M
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è é�ýSê�æ�õuîOé(ë � )�î(ð «f² JiW&v	PTI�JLG�o5JLa&JLK:MZeQPRX�H	MNH	I�P

fFq
�³^

²·¶ � õGô$ê�ë � ) ¶!¸ î(ð «µ²ôI�PTv	PTb�MNW@JLMNW^PTnLXFPTO�PTIlk � MZJLUuPpH	KFJLMNW
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JLX �½^

è é�ý ê�æ�õuî é(ë � )lî�ð
¡�£¯¥T°�¥g±�¤$d¤$¥g¬g±
 q<²ôJiW&b�afMZH	b�nLnLk³b�KhPTOQPTKQM
gFq ú ú ô$ê�æ�õuîOé(ë

� )�î(ð ^¾�
«µ²ôJiW&v	PTI�JLG�o5JLa JiK"MZeQPpX�H	MNH	I�P

� q
�H^

ë�ú ú ô$ê�æ�õuî é�ë � )lî�ð ÿ � ðþê��:ë�\ � ð�ð «¿² I�PTv	PTb�MNWpJLMNW^PTnLX@JLK,MNeFP0v	b�W^M8H	KQnLPTW^W2JiM@KFPTO�PTIdG�acafH	IlI�PTo
`�PTXZG�I�P�q

©Fq
�³^

²·¶ ëqï'êGí�ë � ) ¶�¸ î(ð «�² I�PTv	PTb�MNWYJLMNW^PTnLX�PTO�PTIlk � MZJiUVPpH	KFJLMNW
� G�MNJLafP2MNeFb�M	X�G�IwW^PTUVJL\Zv	PTIlJLG�o5JLaRPTO�PTKFMNW�� çBîµë � ð acb�KFKQG�M	`�Psv	I�G�O�PTKF_�J q P�q _�JLM	JLW KQG�M5g�H	b�Ilb�KFMNPTPToVMNeFb�M	MNeFP
PTO�PTKFMFG�afafH	IlW@W^G�UVPTMNJLUuP�q
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r eFP:W^JLUuv	nLPTW^M b�KFo¥UuG�W^M afG�UVUVG�KµI�PTnLb�MNJLG�KFW^eQJLv `�PTMZt"PTPTK÷PTOQPTKQMZWmJLW$afb�H	W^PT\�PTXNX�PTafMBq r GéX�G�I�UVb�nLJL¬�P"MNeFP
W^JLUuv	nLPmX�b�acM*MZeQb�M*b�KVPTO�PTKFM,ÂéG�afacH	I�WRPT¶�b�acMNnLk � MZJLUuPmH	KFJLMNWpb�XZMZPTI&b�KQG�MZeQPTIdPTO�PTKFM�².MNeFb�M*acG�KQW^MZJLMNH	MNPTWsJLMNW
afb�H	W^PRMNeFPpX�G�ninLG�t"JLKQg0b�¶�JLG�U W^H	XNj	afPTW�q �³^ ëqï'êGí�ë�� )lî�ð
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� X�PTO�PTKFM4²ïJLW8MZeQPdH	KFJLS�H	PRafb�H	W^P7G�XQPTO�PTKFMgÂ"MNeFPTKhMZeQPdJLUuv	nLJLafb�MNJLG�K0eQG�nLo5WYJLKh`�G�MNe³o*JiI�PTafMZJiG�KFW^_TnLPTb�o5JLKFg
MNG³MNeFPpXZG�nLnLG�t"JLKQg0XZG�IlUVb�nLJL¬�b�MZJLG�KYq Ä � æ ëqï'êGí�ë�� )lî�ð
� G�MNJLafP$MZeQb�M*MZeQP$b�`�G�O�P$acb�W^PTWRG�X8afb�H	W^PT\�PTXNX�PTafM�I�PTnib�MNJLG�KVb�I�P �����Z�����$�i���i������â b�W^_QG�KQacP$MNeFP$afb�H	W^P$ZPTOQPTKQM�²³®
G�afacH	I�W^_�MNeFPTK"MNeFPpG�afacH	I�I�PTKQacP MZJLUuPpG�X�MZeQPpPTXZXZPTacM��PTO�PTKFM§Â5®FJLW&v	I�PTacJLW^PTnik³o5PTMNPTIlUuJLKFPTo7q( UuG�I�PRg�PTKFPTI�b�n�b�KQo<afG�UVUuG�K:I�PTnib�MNJLG�KFW^eQJLv:`�PTMZt0PTPTK0MNt"GmPTOQPTKQMZW@JLWwMNeFPRG�KQPyJiK"t"eFJiace"b�K0PTO�PTKFMT²
afb�H	W^PTWdb�KFG�MNeFPTI7PTOQPTKQM0Â ± JiKVbmX�H	MNH	I�P2MZJLUuPÉMNeFb�M[JLWRKQG�M[¹�KQG�t"K£v	I�PTacJLW^PTnikc_�o5H	PÉMNG:W^G�UVP$KQG�KFo5PTMZPTI�UVJLKQ\
JLW^U G�XwMZeQP0W^k�W^MNPTU q r k�v	Jiacb�nLnLkf_�MNeFP0o5PTnLb�kV`�PTMNt"PTPTKP² b�KFoÅÂµJLWsaceQb�I�b�afMZPTI�JL¬�PTo?`�k£UuPTb�KQW2G�Xwb"nLG�t0PTI
`�G�H	KFo÷b�KQo÷b�K£H	v	v	PTId`�G�H	KFo÷o5PTKFG�MNJLKFguMZeQPhUuJLKFJLUub�n5b�KFo?UVb�¶�JLUub�n5MNJLUVPmo5JLW^MNb�KQacPm`�PTMNt"PTPTK,I�PTnib�MNPTo
G�afacH	I�I�PTKQacPTWwG�X�MNeFPyMZt0G0PTO�PTKFMNW�q r eFPyI�PTnLb�MNJLG�K"JLW&MZeQPTI�PTXZG�I�PRKQG�KFo5PTMNPTIlUVJiKFJLW^MNJLaf_(`�PTJLKFghMZeQPsPT¶�b�afMQJiKFW^MNb�KQM
JLKxMNeFP2XZH	MZH	I�PT_�t"eFPTK3ÂVt0JLnLnFG�afafH	I@b�XZMZPTI¿²³_�H	KF¹�KFG�t"KYq õ PsUVG�o5PTn�eFPTI�PsMNeFPsUVG�I�PsafG�UVUuG�Kub�KFouJLKFMNPTI�\
PTW^MNJLKFgÉafb�W^P t"eQPTI�P&MZeQP I�PTnLb�MZJLG�K$JiW8G�KFPT\ZMZG�\ZG�KFP7�X�G�I	JiKFW^MNb�KQacP7`�PTafb�H	W^P0²·JLW8MNeFP7H	KFJLS�H	Pdafb�H	W^P&G�X�Â7«�PTO�PTIlk
G�afacH	I�I�PTKQacP$G�X¿².afb�H	W^PTWRG�KQP�Â?b�KQo÷PTO�PTIlk<G�afacH	I�I�PTKQacP$G�X(Â?JLWyacb�H	W^PToé`�kuG�KQPhG�afacH	I�I�PTKQacP$G�X§²³®^q ( K
PT¶�b�UVv	niPyG�X	MNeFJiW7¹�JLKQoVJLKxb2afG�KFafH	IlI�PTKFMQW^k�W^MZPTUuW afG�H	nLoV`�PpMZeQPsI�PTnLb�MZJiG�K:`�PTMNt"PTPTK"MNeFPyPTO�PTKFM�G�X�MNb�¹�JiKFg0b
I�PTW^G�H	I�afPdb�KFo<MZeQb�M�G�X�I�PTMZH	I�KFJLKQghJLMlq

õ PRv	I�G�OQJLo5PRbsv	I�PTnLJiUVJLKQb�I�k³XZG�IlUub�n(o5PTj	KQJLMZJiG�K:G�X�MZeQJLWw¹�JLKFouG�XFI�PTnLb�MNJLG�K"b�W@X�G�ninLG�t"W�q
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r eFJLWsI�PTnib�MNJLG�KFW^eQJLvµJiWÉt"JLo5PTnLk£H	W^PTo÷b�KQoDJLKéW^PTO�PTIlb�n*XZG�IlUub�nLJiW^UVW2JiM@JLW2MNeFPhG�KFnLk,MNPTUVv	G�I�b�n*I�PTnib�MNJLG�KFW^eQJLv
`�PTMZt0PTPTK0PTO�PTKFMNW�«TW^PTP X�G�I8JiKFW^MNb�KQacPRMNJLUVPTo ( H	MNG�UVb�MZbyJLK£¤ ( ="Ó,<T_�ÒDÒ r Ó  ª�b�KFo r JLUVPTo Ö	PTMNIlJ � PTM� r Ö � ®
JLKé¤�Ò Ø�¨�<�ªQ�v	I�PTW^PTKFMNPTo:JLK"W^PTafMZJLG�K�gFq  q  ®^q � PTUuPTUV`�PTIYMNeFb�MFJLK r Ö � W&JiMFJLWwv	JLafMZH	I�PToxb�W@XZG�nLnLG�t"W�«
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� PT¶�M�t"PdX�G�I�UVH	nLb�MNPdMZeQJLWYo5PTj	KFJiMZJLG�KhJLK0MNPTIlUuWYG�X rþ���	� b�¶�JLG�UuWYMZeQb�M�I�PTX�PTI	MNG$PTOQPTKQM�b�KQo"PTOQPTKQM�acG�H	KQ\
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afG�H	KFMNPTIlWc3*MZeQPTJLIpPTS�H	JiOQb�nLPTKFafP0JiW2v	I�G�OQPTo÷JLKÐ¤�Ñ2ÒµÓ�ÓTªw`�k£W^eFG�t0JLKFg,MNeFb�M@MZeQPTk£`�G�MZeéUuG�o*PTn*MNeFP0I�PTnLb�MZJiG�K
JLKQMZI�G�o5H	acPToxJLK\o2PTj	KFJLMNJLG�K � q g,<�q� G�MNJLafP<MNeFb�M&W^JLUVv	nLPT_@b�v	v	b�I�PTKQMZnLkéG�`�O�JLG�H	WmX�G�IlUub�niJL¬�b�MNJLG�KFWmb�I�P:PTb�W^JLnLk?v	I�G�O�PTo JLKQacG�I�I�PTafMBq�Ø�G�IÉJLKQ\
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� M�JLWwJLUuUVPTo5JLb�MZPpMNG³v	I�G�O�PdMZeQb�MQMZeQJLWwX�G�I�UVb�nLJL¬�b�MNJLG�K"b�nLnLG�t"WwG�KQPyMNGmJLKFMNI�G�o*H	afPRbyG�KFPT\�MNG�\�G�KQPpX�H	KFafMNJLG�KÇ `�PTMNt"PTPTK"MNeFPsG�acafH	IlI�PTKFafPTWwG�X:²Àb�MFMNJLUuP � MNG0MNeFG�W^PyG�X0Âub�M�MNJLUVP Ç  � ®	W^H	ace:MNeFb�M ê�É¥îO0 Ç ëýê�ð�0óêÊÉì�
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õ P0KQG�t JLKQMZI�G�o5H	acPhb"t"b�k,MZGu`�JiKFo PTO�PTKFMNW�² b�KFoÅÂDMZeQI�G�H	g�e?b:W^JLUVv	niP"X�G�I�UVH	nLb:G�XwMNeFP0afG�H	KFMNPTIlW2G�X
MNeFPTJLIdG�afafH	IlI�PTKFafPTW^_FI�PTW^v	PTacMNJLO�PTnLkxo*PTKQG�MZPTo?b�W�í�²zb�KQoîíBÂ7q � K,MNeFPmo5PTIlJLO�b�MNJLG�K£G�X@MNeFJiWsXZG�IlUVH	nib,¤�ÑsÒDÓ�ÓTª
t"P7b�W^W^H	UuPTo"MZeQb�MN_ËXZG�I*b�KFk2PTOQPTKQMpä ± MZeQPTI�P&PT¶�JLW^MNWYbdj	I�W^M�G�acafH	IlI�PTKFafPT_�J q P�q _ËMNeFb�M�MZeQPTI�P&JLWYb�KmJLKFW^MNb�KFM�`�PTX�G�I�P
t"eQJLace�ä£KQPTOQPTIwG�afacH	I�I�PTo5_(b$XZb�afM�MNeFb�M	JLWdX�G�I�UVb�nLJL¬�PToVJLK r������ b�W�� çBîµë � ðNê��:ë�\ å³ð�ð q ( W KFG�MNPTo,b�`�G�O�PT_
MNeFJLW&eFk�v	G�MNeFPTW^JLW&JLW&S�H	JiMZPpI�PTb�nLJiW^MZJLa&X�G�I8I�PTb�nL\�t0G�IlnLoxW^k�W^MZPTUuW�q ( nLPTW^WwI�PTW^MZI�JLacMNJLO�PRb�W^W^H	Uuv	MZJiG�K:JLW7eQG�t"PTO�PTI
b�o*G�v	MNPToxJLK"MNeFPpv	I�G�G�XFG�X�MNeFPpMNeFPTG�I�PTU � q g�¨�_TI�PTv	G�IlMNPTo:JLK?¤�Ñ2ÒDÓ�ÓTª�_�W^eFG�t0JLKFg"MNeFb�MFJiMFJLWwJLUuUVb�MZPTI�JLb�n�X�I�G�U
byUVb�MZeQPTUVb�MZJLafb�n�OQJLPTt0v	G�JLKFMlq
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� KQMZH	JiMZJLO�PTnLkf_�JiXFMNeFPRI�PTnLb�MNJLG�KhG�X'oÉPTj	KQJLMZJiG�K � q g,<yeQG�nLo5W^_�t"eFPTK"b�K0PTO�PTKFM ( G�afacH	I�W^_�afb�H	W^JiKFgmb�KhJLKFafI�PTUVPTKFM
JLK÷acG�H	KQMZPTI�ï�²³_5MNeFPTKµafG�H	KFMNPTIðïBÂ JLW$b�nLW^Gé`�G�H	KFo¥MZG,JiKFafI�PTb�W^P43YeFG�t0PTOQPTIN_8o5H	P:MNG,MZeQP:b�W^W^H	UuPTo�o5PTnLb�k
Ilb�KFg�JLKQg"`�PTMZt0PTPTK � b�KQo � _�afG�H	KFMNPTI�ïBÂVt"JLninFJLKQacI�PTb�W^PpKQG0PTb�IlnLJLPTI@MNeFb�K � MNJLUVPsH	KFJLMNW b�X�MNPTIYMNeFP2JiKFafI�PTb�W^P
G�X·ï�²³_�eFPTKQacPyMNeFP2JiKFPTS�H	b�niJLMZkñï�Â 0 ���f��� $ï�²³_ � ®FeQG�nLo5Wc3�UVG�I�PTG�OQPTIN_�b�KFouW^k�UVUVPTMNIlJiacb�nLnLkf_:ïBÂVt"JinLnQJiKFafI�PTb�W^P
KFGmnLb�MNPTI8MNeFb�K � MZJLUuPpH	KFJLMNWwb�XZMZPTI�ï�²³_�eFPTKQacP�ïBÂ 1 ���f��� $ï�²³_ � ®�eQG�nLo5W�q

r eFPTG�I�PTU � q g�¨hPT¶�v	I�PTW^W^PTWyMNeFP³acG�KQacPTv	M@W^MNb�MNPToµJiK o2PTj	KFJLMNJLG�K � q g,<ht"JiMZeéO�PTIlk£W^JLUuv	nLP³I�PTnLb�MNJLG�KFWs`�PT\
MNt"PTPTKDPTO�PTKFM afG�H	KFMNPTIlW�q r eQb�KQ¹�W³MNG?MZeQPTJLIÉW^JLUuv	nLJLafJLMZkµ�MNeFPTk?b�I�P ãþH	W^MdnLJiKFPTb�IÉJLKFPTS�H	b�nLJLMNJLPTW^®dMNeFPTW^P<I�PTnib�\
MNJLG�KFW$afb�Ké`�P0H	W^PTo O�PTIlkVPTb�W^JLnik,b�KQoDPTXZXZPTacMNJLO�PTnLkVJiK÷MNeFP"o5PTI�JLOQb�MNJLG�KéG�X7I�PTnLPTO�b�KQM@v	I�G�v	PTI�MZJLPTW�q Ø�H	I�MZeQPTI�\
UVG�I�PT_@W^v	PTafJLj	acb�MNJLG�KFW³`�b�W^PTo¥G�K¥acG�H	KQMZPTI�Whb�I�P:I�PTb�o5JLnLkéJLUVv	niPTUVPTKFMNb�`�niPT_@W^JLKFafPuafG�H	KFMNPTIlW³b�I�P:MNIlJLO�JLb�nLnLk
afG�UVv	H	MNb�`�nLPp`�kmUVPTb�KFWwG�X�JLKQacI�PTUVPTKQMZWwG�X�JLKQMZPTg�PTI�\�O�b�niH	PTo:v	I�G�g�Ilb�U.O�b�IlJLb�`�nLPTW�q
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r eFPRUuG�o*PTn�acb�Kh`�PR`�G�MNe0g�PTKFPTI�b�nLJi¬�PTo"b�KFoxb�v	v	nLJLPTo:MNG$v	b�I�MZJiacH	nLb�I5acb�W^PTW�qBØ�G�I8JLKQW^MZb�KFafPT_�JLXQMNeFPRUuJLKFJiUVH	U
o5PTnLb�k � JLWd¬�PTI�Gh�PTO�PTKFM0ò£afb�K<X�G�nLniG�t JLUVUuPTo5JLb�MNPTnLk:PTO�PTKFM ( ®5MZeQPÉI�PTnLb�MNJLG�K<`�PTacG�UuPTW�« ���c��� � í�² ±>�/� 0 íBÂ0 í�² ¡� XQMZeQPpo*PTnib�kmeFb�WwKFGmH	v	v	PTI8`�G�H	KQo*_�MNeFPTK � í´ó b�KFoxMZeQPpI�PTnLb�MNJLG�K0I�PTo5H	acPTW@MNG*«WíBÂ 0 ���f��� � í�² ±����Z¡oÉPTj	KQJLMZJiG�K � q g,<�_TJLKQMZI�G�o5H	acPToxXZG�IYW^JLUVv	niPyPTO�PTKFMNW^_�acb�K"`�PRPT¶�MNPTKFo5PToxMZGmPTO�PTKFMNWwt"JLMNe:UVH	nLMNJLv	nLPpW^JLUuH	nL\
MNb�KQPTG�H	W&G�afafH	IlI�PTKFafPTW�q r eQPTG�I�PTU � q g�¨yUub�JiKFMNb�JLKQWwJLMZW&O�b�nLJio*JiMZkmb�nLW^GmJLK"MNeFJLW&g�PTKFPTIlb�nLJL¬�PTo:X�I�b�UuPTt"G�Il¹[q( XZH	IlMNeFPTIN_TJLKFMNPTI�PTW^MZJLKQg$g�PTKFPTIlb�nLJL¬�b�MZJLG�K³G�X�MZeQPdG�KFPT\ZMZG�\ZG�KFPRI�PTnLb�MNJLG�KmJLKQMZI�G�o5H	acPTo:JLK*oÉPTj	KFJiMZJLG�K � q g,<RJLW
MNG<b�nLnLG�t.bhKQPTg�b�MNJLOQP$UuJLKFJiUVH	U MNJLUVP � q � KuMZeQJLWpUVG�W^M[g�PTKQPTIlb�n�afb�W^PÉG�KQPmt"G�H	nLo?KFG�M*UVG�o5PTn	bQ��afb�H	W^PT\
PTXNX�PTafM	�$I�PTnLb�MZJLG�KQ_�`�H	M*bmacG�I�I�PTW^v	G�KQo5PTKFafPÉ`�PTMZt"PTPTKuPTOQPTKQM[G�afafH	IlI�PTKFafPTWdMZeQb�M5b�I�P2W^G�UVPTeFG�t I�PTnLb�MZPTo5_�XZG�I
JLKQW^MZb�KFafPm`�PTafb�H	W^P$MZeQPTkub�I�P2`�G�MNe,PTXNX�PTafM*G�X8bhafG�UVUuG�K,�H	KFJiS�H	PT®8acb�H	W^P�q r eQPTG�I�PTU � q g�¨³afb�K£`�P$g�PTKQPTI�\
b�nLJL¬�PTo?JiK,b0W^MNIlb�JLg�eFMNX�G�Ilt0b�I�oét"b�k<MNGuMNeFJLWyafb�W^P$`�kJã�H	W^MYaceQb�KQg�JLKFguMZeQP ���f��� G�v	PTI�b�MNG�IlWpZt"eFJLafe,b�W^W^H	UVP
b:v	G�W^JLMNJLO�P"MZJiUVP"b�I�g�H	UuPTKFM@b�KFoDKQPTacPTW^W^b�IlJLnik£I�PTXZPTIRMZGVv	I�PTO�JLG�H	W2JiKFW^MNb�KQMZW^®&JLKFMNG ���i��� G�v	PTIlb�MZG�I�W2�t0eFJLafe
PTS�H	b�ninLk,b�o5UuJLMwb:v	G�W^JLMZJiOQPT_*KFH	nLni_[G�IyKFPTg�b�MZJLO�P"MNJLUVP0b�I�g�H	UVPTKFMN_5MZeQH	WÉI�PTX�PTIlI�JLKFgVMZG£`�G�MNe÷v	b�W^MN_[v	I�PTW^PTKFM
b�KFoxX�H	MNH	I�PT®Z_TG�`�MZb�JLKFJiKFg0MNeFPpXZG�nLnLG�t"JLKQg0I�PTnLb�MZJLG�K
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MNeFP � �c��� b�KFo ò������ G�v	PTI�b�MNG�IlW@MNG �$�i��� q
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( W&b$acG�KQacI�PTMZPyPT¶�b�UVv	niPT_�nLPTM	H	W7acG�KQW^JLo5PTI&b�KxPTnLPTafMZI�G�KFJLaRMNIlb�o5JLKFghW^k�W^MZPTU t"eFPTI�Pyb�KxG�I�o*PTI@XZG�I@W^G�UVP
g�G�G�o5Wyv	PTI�X�G�I�UVPTo,`�kubmafnLJLPTKQM8g�JLO�PTWRIlJLW^P$W^H	`�W^PTS�H	PTKFMNnLkf_FMNeFI�G�H	g�eVJLKFo5PTv	PTKFo5PTKQM[afeFb�JLKFWpG�X[b�afMZJiG�KFW^_FMNG
MNeFPyv	eFk�W^JLafb�n�o5PTnLJLO�PTIlk³b�M�MNeFPyafnLJLPTKFM�×iW7b�o5o5I�PTW^W@G�X	MZeQPsv	b�I�afPTn�afG�KFMNb�JLKQJLKFg0MZeQPsG�I�o5PTI�PToxJLMNPTUV_(b�KFo<MNG0MNeFP
`�JLnLnLJiKFg,G�XwMZeQP0v	I�JLacPhG�KéMZeQP"acniJLPTKFM�×iWs`�b�KF¹Vb�afacG�H	KQMBq ( K?JiUVv	G�IlMNb�KFM@v	I�G�v	PTIlMNkVG�XwMZeQP"MNIlb�o*JiKFgVW^k�W^MNPTU
afG�H	nLo `�P0MNeFb�M&MNeFPTI�P0JiWÉbxG�KFPT\�MNG�\�G�KQP"UVb�MNaceQJLKFg,`�PTMNt"PTPTK÷g�G�G�o5WÉo5PTnLJLO�PTIlk,b�KFoµ`�b�KF¹,b�afacG�H	KQM@MZI�b�KQW^\
b�acMNJLG�KFW�q r eFPTW^PmMZt0GuPTO�PTKFMNWpb�I�P$acniPTb�I�nLkxI�PTnLb�MNPTo*_�`�H	M8MNeFPTI�P$UVJLg�eQMY`�P³KQGuW^MNIlJiacM[MZPTUuv	G�Ilb�n	v	I�PTafPTo5PTKFafP
`�PTMZt0PTPTKVMNeFPTU q � X*t"P$UVG�o5PTn�g�G�G�o5Wpo*PTniJLOQPTI�k:`�k<MNeFP$PTO�PTKFM5v	I�PTo5JLacb�MNPðô � b�KFo,`�b�KQ¹xb�afacG�H	KQM5MZI�b�KQW^\
b�acMNJLG�KFWR`�kxPTO�PTKFM5v	I�PTo5JLafb�MZP�Â�² . _�MNeFPTKut"P$acb�KVb�`�W^MZI�b�afMNnLk"W^v	PTafJLX�kxMNeFb�M*PTb�afeVG�afacH	I�I�PTKQacPsG�X,ô � Uub�k
b�M*UuG�W^M[v	I�PTafPTo*PyMNeFP$afG�IlI�PTW^v	G�KFo5JLKFg:G�afafH	IlI�PTKFafP2G�X,Â�² . `�k � o5b�k�W^_�G�I b�M*UuG�W^M[XZG�nLnLG�t JiM[`�k:©mo5b�k�W^_
H	W^JLKQg0MNeFPpX�G�nLniG�t"JLKFghJLKFPTS�H	b�nLJLMNJLPTW

î�õìô.ê�ë���õ#� )� �ö�ð�06��� � æ 0·î�õGô$ê�ë��!õ#� )d÷�ð
ö�÷�Þ��£Õ5à�}p����Ú � K"MZeQPsÑ � ¦ acb�W^PpW^MZH	o5k³b2G�KQPT\�MNG�\�G�KFPyMNPTUVv	G�Ilb�n�I�PTnLb�MNJLG�KQW^eFJLvxG�`�OQJiG�H	W^nLk"PT¶�JiW^MZWw`�PTMZt0PTPTK
MNeFPmPTKFMNPTIlJLKQguG�X[MZI�b�JiKFWpJLK£MNeFPmO�b�I�JLG�H	WpI�PTg�JLG�KQWRW^H	IlI�G�H	KFo5JLKFg<MNeFPmacI�G�W^W^JLKQg8q r eFP$W^k�W^MNPTU JLWpKFG�KFo5PTMNPTI�\
UVJiKFJLW^MNJLayo*H	P2MZG:MNeFPÉH	KQacPTI�MZb�JLKQMZk:b�`�G�H	M*MNeFP$MNIlb�JLKQWdW^v	PTPTo5_�t"eFJLafeVUub�k:O�b�Ilk:`�PTMZt0PTPTKuUuJLKFJLUuH	U b�KFo
UVb�¶�JiUVH	U b�nLnLG�t"PTo<O�b�nLH	PTW�q

r eFPmJLKQX�G�IlUub�n5W^v	PTafJLj	afb�MNJLG�Kéb�W^W^PTI�MZWpMNeFb�MYMNeFP³MZI�b�JLKQWsMNb�¹�Pmb"UuJLKFJiUVH	U MZJiUVP î�' b�KQo÷b0UVb�¶�JLUuH	U
MNJLUVP î�ø MZGxg�GuXZI�G�U MZeQP$`�PTg�JiKFKFJiKFgVG�X8I�PTg�JLG�KJ1¥MNGxMZeQP$`�PTg�JLKQKFJLKQgVG�XYI�PTg�JLG�K / 3�JLM[MZb�¹�PTWRbhUuJLKFJiUVH	U
MNJLUVP Q ' b�KQo<byUVb�¶�JiUVH	U MNJLUVP Q ø MZGmg�GmX�I�G�U MZeQPp`�PTg�JLKQKFJLKQg0G�XQI�PTg�JLG�K / MNGmJLMNW7PTKQo q

r eFPTW^PRI�PTnLb�MZJLG�KQW@b�I�P XZG�IlUub�nLJi¬�PTo:`�k³MZeQPRX�G�nLnLG�t0JLKFg³JLKFPTS�H	b�nLJLMNJLPTWw`�PTMZt"PTPTKhacG�H	KQMZPTI�WwG�XFPTO�PTKFM�G�acafH	I�\
I�PTKFafPTW7ZI�PTafb�nin�MZeQb�M·1 / _ /$/ _�b�KFo /$2 b�I�Pso5PTj	KQPTo*_�I�PTW^v	PTafMNJLOQPTnikc_�b�W7MZeQPsPTO�PTKFMNW G�X5bÉMNIlb�JLKxPTKFMNPTIlJLKQg"I�PTg�JiG�K1@_�PTKFMNPTIlJLKQghI�PTg�JLG�K / _�b�KFoxPT¶�JiMZJLKQghI�PTg�JLG�K / _�b�KFo<MNeFb�MQMNeFPTk³b�I�PRUVH	niMZJLv	niPyPTO�PTKFMNW^®^q

å ú ô$ê�ë��!%&�S)�î�øuðE06����� 0÷å ú ô$ê�ë��!%&�S)�î:'2ð
å ú ô$ê�ë��!�:�S)�Q�øuðz0Æ����òÔ0µå ú ô$ê�ë$�����S)�Q¿'Éð 7

Y/÷�×�~��.Þ�à�Õ5|5Þ�ß5}�Ø�Þ�Ù0�x�£~g�5}�àZÖ
r eFPdMNt"Gmv	I�G�v	G�W^PTo"b�¶�JLG�UVb�MNJL¬�b�MNJLG�KFW@G�X�acb�H	W^PT\�PTXNX�PTafM(I�PTnLb�MZJLG�K³`�PTMZt0PTPTKhPTO�PTKFMNW^_�JLK0MNPTIlUuWYG�XFv	I�PTo5JLacb�MNPTW
�niJL¹�P�² - �f������� Â*®5G�IYafG�H	KFMNPTIlW&G�X	PTO�PTKFMFG�afafH	IlI�PTKFafPTW&b�I�PR`�G�MNe:W^H	JLMNb�`�nLPyMNGhXZG�IlUVb�nLJL¬�PpJLK r������ b2G�KQPT\�MNG�\
G�KFPRI�PTnLb�MZJiG�KhnLJi¹�PRMNeFb�M�G�X'oÉPTj	KQJLMNJLG�K � q g,<�_Ë`�H	MQMNeFPTk$b�I�P KFG�M�acG�Uuv	nLPTMZPTnik³PTS�H	JLO�b�nLPTKFM�X�G�I*t"eFb�M�acG�KQacPTI�KFW
MNeFPRJLKQX�G�IlUub�MNJLG�K"afG�KFMNPTKFMQG�XFMNeFPRI�PTW^H	nLMNJLKFg³UVG�o5PTnLW�q ( UVG�o5PTn(XZG�I8b�K0b�¶�JLG�Uub�MNJL¬�b�MNJLG�Kh`�b�W^PTo:G�K"byv	I�PTo5\
JLafb�MNPpnLJL¹�P(² - �c������� Â£afG�KFMNb�JiKFW^_�b�WwJLKFMNPTIlv	I�PTMNb�MNJLG�K0G�X	MNeFb�MFv	I�PTo5JLafb�MNPT_Tb2I�PTnLb�MZJLG�K0t"eFG�W^PyMZH	v	niPTW7PTW^MNb�`�nLJiW^e
MNeFP$PT¶�b�afM	UVb�v	v	JLKFgx`�PTMZt0PTPTKuMNeFP$O�b�I�JLG�H	WRG�afacH	I�I�PTKQacPTW7G�X8MNeFPÉafb�H	W^P2b�KQo,PTXZXZPTacM	PTO�PTKFMNW�q � KuMZeQP$acG�KQ\
MNIlb�Ilkf_�bÉUuG�o5PTn�XZG�I@b�K:b�¶�JiG�UVb�MZJL¬�b�MZJLG�K:PT¶�v	I�PTW^W^PToxJLKxMNPTIlUuW7G�X	afG�H	KFMNPTIlW7G�X	PTOQPTKQM�G�acafH	IlI�PTKFafPTWwo5PTj	KFPTWãþH	W^M�MNeFPyO�b�nLH	PTWwG�X�MNeFPyafG�H	KFMNPTIlW&b�WwPTO�PTKFMNW&G�afafH	I@JLK:MZJiUVPT_�t"JLMNeFG�H	M	v	I�G�OQJLo5JLKQghb�KFkhJLKFXZG�IlUub�MNJLG�K:b�`�G�H	M
MNeFPRUVb�MNaceQJLKFg³`�PTMZt"PTPTKhPTOQPTKQMFG�afacH	I�I�PTKQacPTW�q � XQacG�H	I�W^PT_�MZeQPyW^JiUVv	nLPTI[`�H	M�W^nLJLg�eQMZnLkhnLPTW^WwJLKFXZG�IlUub�MNJLO�PRo*PT\
W^afIlJLv	MNJLG�K£JLKVMZPTI�UVWRG�X8afG�H	KFMNPTIlWpW^H	XNj	acPTWRJiKVMNeFPmacb�W^PTWRt"eQPTI�PÉMNeFPmPT¶�b�afM5UVb�MZafeFJLKQgu`�PTMNt"PTPTKVMNeFP$PTO�PTKFM
G�afacH	I�I�PTKQacPTWyJLW2JiUVUVb�MNPTIlJLb�n[t0JLMZeéI�PTW^v	PTacM8MZGuMZeQP0o5PTW^JLI�PToµW^k�W^MZPTU v	I�G�v	PTIlMNJLPTW�q � K?G�MZeQPTIyafb�W^PTW^_	t"eFPTI�P
MNeFPpPT¶�b�acM�Uub�MNaceQJLKFg³`�PTMZt0PTPTK0PTO�PTKFMFG�afafH	IlI�PTKFafPTWYI�PTb�nLnLk$Uub�MNMNPTIlW^_�MZeQPpW^nLJLg�eFMNnLk0UuG�I�PRafG�UVv	niPT¶2`�H	MFb�nLW^G
UVG�I�PRb�acafH	Ilb�MZPRo5PTW^afIlJLv	MNJLG�K"v	I�G�O�JLo5PTo:`�k³v	I�PTo*Jiacb�MZPTW8nLJL¹�P(² - �c������� ÂVUub�k³`�PRv	I�PTXZPTIlb�`�niP�q
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RI RI II II

time

#RI past(#RI,5) past(#RI,15)#II

Ø�JLg�H	I�P � q f�«�ÒµG�o*PTniW&XZG�I8b�¶�JLG�Uub�MNJL¬�b�MNJLG�KQW&`�b�W^PToxG�K"W^v	PTacJib�n(v	I�PTo5JLafb�MNPTWYG�IYG�K:afG�H	KFMNPTIlW�q
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BAToneTooneGD

5

GD
(2)

(1)

time

BAT GD BAT

dist(#GD,-3) #BAT dist(#GD,4)

0
#GD

Ø�JLg�H	I�P � q <F«
ò ( r b�KFoxÑ�o
( W@b�K"JLnLnLH	W^MNIlb�MNJLG�K:G�XFMNeFJLW^_�acG�KQW^JLo5PTIYb�g�b�JLKhMZeQPyÑ � ¦ PT¶�b�UVv	nLPT_�t"JiMZe:byv	nLb�KFMFt0eFPTI�P î:' ´%fsb�KQo î:ø

´  f�q ¢ H	v	v	G�W^PRMNeFPTI�PRb�I�PdMNt"G³G�acafH	IlI�PTKFafPTW@G�X�1 / b�MQMNJLUVPTW � b�KQo � �J�q P�q _TbsMZI�b�JLKhPTKFMNPTIlWwI�PTg�JiG�Kñ1éb�MQMZJiUVP
� b�KFoébhW^PTacG�KQo÷MNIlb�JLK£PTKQMZPTI�Wyb�M8MNJLUuP � ®�_�b�KFo?MZt"G<G�afacH	I�I�PTKQacPTWRG�XYPTO�PTKFM /$/ b�M[MNJLUuPTWsÓhb�KQo  ©³�J q P�q _Qb
MNIlb�JLKuPTKQMZPTI�WdI�PTg�JiG�K / b�M5MZJLUuPÉÓmb�KQo,b�KQG�MZeQPTI7G�KQP$b�M5MNJLUVP  ©�®^q7Ø�I�G�U bmv	eFk�W^JLafb�n�O�JLPTt"v	G�JiKFM*MZeQPTI�Psb�I�P
MNt"G:JLKFMNPTIlv	I�PTMNb�MNJLG�KFW G�X8MNeFJLWRPTO�PTKFM*W^PTS�H	PTKFafPTW�«QPTJLMNeFPTI MNeFP2MZI�b�JLKQWRPTKFMNPTI7JiKVI�PTg�JiG�K / JLKuMZeQP$W^b�UuPÉG�I�o*PTI
b�W&MNeFPTkhPTKFMNPTI�PToxJLK:I�PTg�JLG�KP1@_�G�I@MZeQPpMZI�b�JLK:MNeFb�MFPTKQMZPTI�PToxI�PTg�JLG�Kñ1÷nLb�W^MFv	b�W^W^PTWwMZeQPsj	I�W^M�G�KFPT_�b�KFo<PTKFMNPTIlW
I�PTg�JiG�K / `�PTX�G�I�P7JLMlqË¦dG�IlI�PTW^v	G�KFo5JLKQg�nLkc_TMNeFPTI�P b�I�P7MNt"GÉUuG�o*PTniWYX�G�I5v	I�PTo*Jiacb�MZP�1 /$- �f������� /$/ JLKQacniH	o*JiKFg$MNeFPTW^P
PTO�PTKFM5G�acafH	IlI�PTKFafPTW^_(b�WdW^eFG�t0KVJLK_Ø�Jig�H	I�P � q f�«�JLKuPTb�afexUVG�o5PTnFMNeFPÉI�PTnLb�MZJiG�KuW^eQG�t"WRt"eFJiaceuPTOQPTKQM*G�X*MNeFP
¹�JLKFo���PTKFMNIlb�KFafPRJLK"I�PTg�JiG�K � �yacG�I�I�PTW^v	G�KQo5W&MNGmPTb�afe0PTO�PTKFM�G�X�MNeFPp¹�JLKFo���PTKFMNIlb�KFafPRJLK"I�PTg�JiG�K � ��q

õ eQPTK t"PéH	W^P,PTO�PTKFMsacG�H	KQMZPTI�W^_RJLKFW^MNPTb�o5_Rt"P,UuG�o5PTnRMZeQP,X�b�acMyMZeQb�M ��W^PTKFW^G�IlWxo5G¥KFG�MsI�PTafG�g�KFJL¬�P
MNIlb�JLKFWc��_8W^GéMNeFb�M7MNeFPTI�P:JLWzãþH	W^M G�KQPxv	G�W^W^JL`�nLPxUVG�o5PTnL_8W^eQG�t"K JLK Ø�JLg�H	I�P � q f�_[b�afacG�H	KQMZJLKQg÷XZG�I2MNeFPxMNG�MZb�n
KFH	Uu`�PTIZ_�H	v"MNG$b�KQkmg�JiOQPTKhMZJLUuPT_�G�XQPTO�PTKFM�G�acafH	IlI�PTKFafPTW8G�XQ¹�JLKFo ��PTKFMNIlb�KFafPdJLK0I�PTg�JLG�K!1��sb�KFo���PTKFMNIlb�KFafP
JLKéI�PTg�JiG�K / �Fq � G�MZJiacPT_	eQG�t"PTOQPTIN_	MNeFb�M@MZeQP0W^PTafG�KFo5_	nLPTW^W2v	I�PTafJLW^Pmo*PTW^afIlJiv	MZJLG�KéJLWsv	PTIlXZPTacMNnLkVb�o5PTS�H	b�MNPhMNG
MNeFPmv	H	Ilv	G�W^P$G�XYg�G�O�PTIlKQJLKFg<MZeQP � b�JLnit"b�kx¦dI�G�W^W^JLKQg8«	MNeFPmW^b�XZPTMZk:W^k�W^MNPTU o5G�PTWRKFG�M8KQPTPToéMZG ��I�PTafG�g�KFJL¬�P
MNIlb�JLKFWc�F«ËJLMFafb�KhnLJLUuJLM�JLMNW^PTnLX�MNGmacG�H	KQMZJLKQg0MNeFPTUDq( Wpb�K,PT¶�b�Uuv	nLP³t"eFPTI�PmMZeQPhPT¶�b�afM8Uub�MNaceQJLKFgV`�PTMNt"PTPTK,PTO�PTKFMYG�afafH	IlI�PTKFafPTWyafb�K,`�P³I�PTnLPTOQb�KFM*MNGVMNeFP
o5PTW^JLI�PToVW^k�W^MZPTU v	I�G�v	PTIlMNJLPTW^_(afG�KFW^JLo5PTI&b�g�b�JLKxMZeQPÉb�`�G�O�P2o5PTW^afIlJL`�PToVPTniPTacMNI�G�KQJLaRMNIlb�o*JiKFg:W^k�W^MZPTUu_�t"JLMNeub
W^b�UVv	nLP���eFJLW^MNG�Ilk���_�W^eQG�t"K:JLK�Ø�JLg�H	I�P � q <�_�t"eQPTI�PRMNt"G³`�b�KQ¹hb�acafG�H	KFMQMZI�b�KQW^b�afMNJLG�KFWwMNb�¹�PRv	nLb�acPpb�MQMNJLUuP �
b�KFo f�_�b�KFo,g�G�G�o5WRo5PTnLJLO�PTIlk:G�afacH	I7b�M5MNJLUVP/gmb�KFo,©FqþØ�JLg�H	I�P � q <$W^eQG�t"WpMZeQb�M5MNeFPTI�PÉJLWRG�KFnikuG�KQP$UVG�o5PTn
`�b�W^PTo�G�K afG�H	KFMNPTIlW!ï�ô � b�KFoùï�Â�² . _[b�KFo�MNeFPTI�P:b�I�PxMZt"G?UVG�o5PTnLW³`�b�W^PTo�G�K MNeFP<v	I�PTo5JLafb�MNPPÂ�² . �c�����. �c�f��� ô � q

 � G�MZJLafP$MNeFb�M[MNeFPmW^v	PTafJLj	acb�MNJLG�KVG�XYMNeFP$PTniPTacMNI�G�KQJLayMZI�b�o5JLKQg<W^k�W^MNPTU afb�Ku`�P$XZH	IlMNeFPTI7PTKFIlJiaceQPTo?`�k<b�W^\
W^G�afJLb�MNJLKQgVMNG<PTO�PTIlkxg�G�G�o5Wso5PTnLJiOQPTI�k<b�KFoé`�b�KF¹<b�afacG�H	KQM8MNIlb�KFW^b�acMNJLG�K£MNeFPmo5PTW^afIlJLv	MNJLG�K£G�XYMNeFPmb�acS�H	JLI�PTo
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JLMNPTUO3ËJiK$MZeQJLW[afb�W^P&JiM�afb�KÉ`�PwPTb�W^JLnLk2O�PTIlJij	PTohMNeFb�M�MNeFPwKFH	Uu`�PTI	G�X(acb�KFo5JLo5b�MZP@UuG�o5PTnLW[JiKFafI�PTb�W^PTW^_cb�KFo³b XZPTt
b�o*o5JLMNJLG�KQb�n�W^JLUVv	niP2b�¶�JLG�UuW b�I�PyKFPTPTo5PToVMNG0W^MNb�MZPsMZeQP2v	I�G�v	PTIlMNk0MNeFb�M	I�PTnLb�MNPTo�Â�² . b�KQoMô � G�acafH	IlI�PTKFafPTW
UVH	W^MQI�PTXZPTI[MNG³MZeQPRW^b�UuPyb�afS�H	JiI�PToxJLMNPTU q ®

CEDnú ûâIET4RE]4IEVýü NJP§þ
� K0MZeQJLWwW^PTacMNJLG�K"t"PRafG�UVv	b�I�PdG�H	IYt"G�I�¹ht"JiMZe"G�MNeFPTI[b�v	v	I�G�b�aceQPTWYb�KQoxX�G�IlUub�n�UVPTMNeFG�o5WwX�G�I8MNeFPpb�KFb�nLk�W^JLW
G�X�acI�JLMNJLacb�n�W^k�W^MZPTUuW�q õ P7v	I�PTW^PTKQM(bd`�IlJiPTX�acG�Uuv	b�I�JLW^G�KmG�K³MNeFP7o5JLXZXZPTI�PTKQM�W^H	`BãþPTafMZW[t"P&eFb�OQP&MZb�af¹�niPTo0JLKmMNeFJLW
afeFb�v	MZPTIN_�Uub�JLKQnLk[«ËKFG�KF\Z]@PTKFG�KQPTW^WYb�KQo0j	KQJLMZP OQb�IlJLb�`�JLnLJLMNkf_�afG�KFMNJLKFH	JLMNk$G�X�JLKFMNPTIlO�b�n�O�b�IlJLb�`�nLPTW^_�b�KFohb�`�W^MNIlb�acM
I�PTnLb�MNJLG�KQW&b�UVG�KQghPTO�PTKFMNW�q

�"~�Ù5Û�Ü@}�Ù5~�Ù5}�ÖcÖwÞ�Ù0�ÈA5Ù5×�ØZ}pÝ�Þ���×�Þ�ß*×Zà�×ZØ$ÿ
� K:W^G�UuPsXZG�IlUub�n�nLb�KFg�H	b�g�PTW&KQG�KF\Z]@PTKFG0`�PTeQb�O�JLG�IYJLW&b�aceQJLPTOQPTox`�k0PTKQX�G�I�acJiKFg³b2j	¶�PTo<UVJiKFJLUuH	U W^k�W^MNPTU
o5PTnLb�k0`�PTMZt0PTPTK<MNt"Ghb�afMZJiG�KFW Zt"JLMNeub�afMZJLG�Kxt"PsJLKFXZG�IlUub�nLnik"UVPTb�Kxt"eFb�MZPTO�PTI@UVJig�eQM5aceQb�KQg�PyMNeFP2W^k�W^MNPTU
W^MNb�MNPT®^q ( j	¶�PTo,UuJLKFJLUuH	U o5PTnLb�k"JLWdJiUVv	nLJLafJLMNnLk:b�W^W^H	UVPTo,JLK<MZPTUuv	G�Ilb�nQnib�KQg�H	b�g�PTWdH	W^JLKQg:o*JiW^acI�PTMZPsMZJiUVP
�XZG�IpJLKFW^MNb�KQacPhJLKFMNPTg�PTIl®wb�KFoDKQG£W^JLUVH	niMZb�KFPTG�H	W$PTO�PTKFMNW2ZnLJL¹�P0MNeFP"W^JiUVv	nLJLj	PTo O�PTIlW^JiG�K?G�X ¢ � d0?µH	W^PTo JiK
¤��@Ò õ Ó�¨�ªZ®^q:="G�t0PTOQPTI@MNeFPyW^b�UuP2b�W^W^H	UVv	MNJLG�KxJLW&MZb�¹�PTK<`�khW^G�UVP2G�MNeFPTI@XZG�IlUub�nLJiW^UVW H	W^JiKFg"afG�KFMNJLKFH	G�H	W
MNJLUVPT_(niJL¹�P2MNJLUVPTo£¦ ¢ ÖD¤ ����Ã�Ã ª	b�KFo ( ¢ rþ� ( ?D¤�¦zÖ	Ñ��RÓ�¨�ªBq õ Ps`�PTniJLPTOQPyMNeFb�M	MZeQP2b�W^W^H	UVv	MNJLG�KuG�X	b2UVJLKQJL\
UVH	U W^k�W^MZPTU o5PTnLb�kc_Ët0eFJLafe0JLW[acPTI�MZb�JLKQnLk$G�X�v	Ilb�acMNJLafb�n�JLKFMNPTI�PTW^M�b�KQo"UVb�kÉb�v	v	PTb�I	MNGÉ`�P MNeFPdG�KQnLk$W^G�nLH	MNJLG�K
PTKFW^H	I�JLKFg÷j	KFJLMNP<OQb�IlJLb�`�JLnLJLMNkf_Yk�JLPTnLo5WmeFG�t"PTO�PTIÉbVafG�UVv	niJLacb�MNPToÐMNeFPTG�I�k÷t"eQJLafe�b�nLW^GéeFb�UVv	PTI�WmPTXZXZPTacMNJLO�P
b�`�W^MNIlb�afMZJLG�KhG�K:MZJiUVP�q

r eFP,G�MNeFPTIhb�v	v	I�G�b�afeF_7X�G�nLniG�t"PToï`�k¥G�H	IhUVPTMNeFG�oôb�KQo UVG�W^M2G�MNeFPTIhnLb�KFg�H	b�g�PTW:H	W^JLKQgÐI�PTb�n MNJLUVPT_
v	I�PTX�PTIlW	MNGpb�O�G�JLo³PTW^MZb�`�nLJLW^eQJLKFgsb UVJiKFJLUuH	U4nLG�t"PTI	`�G�H	KFo³G�K$MZeQPwo*JiW^MZb�KFafPw`�PTMNt"PTPTKÉPTO�PTKFM�G�acafH	IlI�PTKFafPTW�q
¢ H	afe"UVPTMNeFG�o5W&JLKFMNI�G�o*H	afPpb�K0PT¶�v	nLJLafJLMQKFG�KF\Z]@PTKFGhI�PTS�H	JLI�PTUVPTKQMZ_�b�o*UuJLMNMZJLKQg0G�KQnLk0j	KQJLMZPTnik0O�b�I�JLb�`�nLPRPTKQMZJi\
MNJLPTW�q � K"W^G�UVPpUuPTMZeQG�o*W&MNeFJLWwI�PTS�H	JiI�PTUuPTKFM�JLWwb�nLW^GmXZG�IlUVb�nLnLk³o5PTj	KFPTo7q� KénLb�KFg�H	b�g�PTWsUuG�o*PTniJLKFg,MNeFPh`�PTeQb�O�JLG�Ipb�W2W^PTS�H	PTKFafP0G�XwPTO�PTKFMNWsG�IpW^MNb�MNPTW:¤�¦}= Ã f�_QÒDÒ r Ó  ª�_	j	KFJiMZP
O�b�I�JLb�`�JLniJLMZkéJLWmo5PTj	KFPTo I�PTS�H	JLIlJiKFg?MZeQb�M&MZJiUVP ��PTO�PTKFMNH	b�nLnLkéJLKFafI�PTb�W^PTWÉb�`�G�OQP:b�KFké`�G�H	KFo��D¤ ¢ eQb�Ó � ª^q � K
MNeFJLWmt"b�kéG�KFnLk?bxj	KFJLMNPxKFH	UV`�PTIsG�X PTO�PTKFMNW$�`�H	Mwv	G�W^W^JL`�nLk÷g�I�PTb�MNPTIyMZeQb�K÷b�KQk?j	¶�PTo OQb�nLH	PT®&acb�KµG�afafH	I
W^JLUuH	nLMZb�KFPTG�H	W^nik0G�IYXZb�nLn�t"JLMNeFJLK:bsg�JiOQPTK"MNJLUuPy`�G�H	KQo q

r eFP³W^b�UuPhb�W^W^H	UVv	MNJLG�KQ_	JLKéb"o5JLXZXZPTI�PTKQM[XZG�IlUu_	acb�K,`�PhXZG�H	KFoµJiK?JiKFMNPTIlO�b�n5MNPTUVv	G�Ilb�n5nLG�g�JLafW^_	W^PTPhXZG�I
JLKQW^MZb�KFafPÉMNeFP/oÉH	I�b�MNJLG�K<¦db�niacH	nLH	W$¤�¦}="Ó�¨�ª[b�KFo5_�XZG�I7bmX�G�I�UVb�nFo5PTj	KFJiMZJLG�Ku�`�H	M5t"JLMNeFG�H	M*H	W^JLKFgxMNeFPÉniG�g�Jia
JLMNW^PTnLX�®Z_ �*r Ñ � ?·¤�Ò � ���*Ó�¨�ª^q � G�MNP³MNeFb�MYJLKQMZPTI�OQb�n	MNPTUVv	G�Ilb�n	nLG�g�JLafWso5PTb�n�G�KFnikVt"JLMNe,v	JLPTafPTt"JLW^PmafG�KFW^MNb�KQM
O�b�I�JLb�`�nLPTW�qBØ�G�IYMNeFJLW&¹�JLKFo<G�X�O�b�I�JLb�`�niPTW@t"PpeFb�OQPRg�JLO�PTK"X�G�I�UVb�n�o5PTj	KFJLMNJLG�KFW&H	W^JLKQg r������ JLMNW^PTnLX^q r eFJLW&eFb�W
`�PTPTK,KFPTafPTW^W^b�I�kuMNG<MZeQPhPTKQacG�o5JLKQgVG�X r������ JLK Ö%Ù ¢ _�t"eFPTI�Pmb�K,JLKQMZH	JiMZJLO�P³b�`�W^MNIlb�acM[o*PTj	KQJLMNJLG�KéUVH	W^MY`�P
W^H	`�W^MZJiMZH	MNPTo,`�k:b$o*PTj	KQJLMNJLG�KVJLK<MNPTIlUVW G�X[MNeFPÉniG�g�JiayJiMZW^PTnLX*b�KFo£JLMNWdPTKQacG�o5JLKQg<ZJ q P�q r������ JLK<G�H	I&acb�W^PT®5G�I
b�MQnLPTb�W^M�H	W^JLKFg³MZeQPRnLb�KFg�H	b�g�PRG�XSÖ%Ù ¢ �b�WYJLKé¤ ¢ eFb�Ó � ª�®���q4d*KQacG�o5JLKQgmMZeQPyKQG�KF\Q]@PTKFGmI�PTS�H	JLI�PTUVPTKQMQJiK r������
b�KFo,MNeFPTKVJiKOÖ%Ù ¢ _(b�nLnLG�t0PTo?H	W MZG:v	I�G�OQP2W^PTOQPTI�b�n�JLKFMNPTI�PTW^MZJLKQgxMZeQPTG�I�PTUuW^_�b�KFo,I�PTH	W^P2MNeFPTU JLKVv	I�G�G�X�W G�X
W^k�W^MZPTU4v	I�G�v	PTIlMNJLPTW�q ( KQG�MZeQPTI	G�IlJLg�JLKQb�n�afG�KFMNIlJL`�H	MNJLG�K$G�X�MNeFJLW*t"G�Il¹sG�K$MZeQJLW*W^H	`4ã�PTacM�JLW[b7X�G�I�UVb�nTo*PTj	KQJLMNJLG�K
G�X�KQG�K"]@PTKFG³I�PTS�H	JLI�PTUVPTKQMQXZG�IYO�b�I�JLb�`�nLPTW8JLK"H	KFafG�H	KFMNb�`�niPso5G�UVb�JLKQW�q

DR~�Ù5Ø�×�Ù��5×�Ø�ÿ$~��8×�Ù5ØZ}���Ý�Þ�à�}�Ù5ØZ×�Ø�×Z}�Ö
� KÐ¤�¦}= Ã fTª@acG�KQMZJLKQH	JLMNk,G�X&PTKQMZJiMZJLPTWsJLWyKFG�MwPTW^MZb�`�nLJLW^eQPTo*_F`�H	M@MNeFP³G�v	PTIlb�MNG�IR�afb�nLniPTo âB����������� ®@MNGVb�acafPTW^Wpb�M
MNeFP$O�b�I�JLb�`�nLPTW OQb�nLH	PTWRJLWpnLPTXZM*afG�KFMNJLKQH	G�H	W�q ( nLW^G:afG�H	KFMNPTIlWpZacb�nLnLPTo âB�f��������� ®[b�I�PÉnLPTXZM*afG�KFMNJLKQH	G�H	W�q � JLg�eQM
afG�KFMNJLKFH	G�H	W&b�afafPTW^W@G�v	PTIlb�MZG�I[ �iâl����� ����� ®Fb�KFo<acG�H	KQMZPTI�W& �iâB�f����������� ®Fb�I�P b�O�b�JinLb�`�nLP�q � K\oÉH	I�b�MNJLG�K"¦db�nLafH	nLH	W
�o2¦d®Y¤�¦}="Ó�¨�ªQafG�KFMNJLKFH	JiMZk³JLW@KFG�M�afG�KFW^JLo5PTI�PTo:I�PTnLPTO�b�KFMN_TX�G�I*MZeQPRUVb�JLK�oÉ¦µG�v	PTIlb�MZG�IN_To5H	Ilb�MZJLG�K³G�I	�5_�o5G�PTW
KFG�M5o5PTv	PTKFouG�KxMZeQP2O�b�nLH	PsJLKxG�X5OQb�IlJLb�`�nLPTW&JLKxW^JLKFg�nLPÉv	G�JiKFMNW�q � PTO�PTIlMNeFPTnLPTW^W7MZeQP2H	W^PsG�X*niPTX�M�afG�KFMNJLKFH	G�H	W
JLKQMZPTI�OQb�nQO�b�IlJLb�`�nLPTW7JiW W^H	g�g�PTW^MZPTo5_�MNG0b�OQG�JLoVv	I�G�`�nLPTUuW H	W^JLKQg:nLG�g�JLacb�n�G�v	PTIlb�MZG�I�W `�PTMZt0PTPTK<v	I�PTo5JLafb�MNPTWwG�X
o5JLXNX�PTI�PTKFM�acG�KQMZJLKQH	JLMNk:b�W7PT¶�v	nLb�JLKFPTo<JLKxW^PTafMZJLG�K � q � q � q �[r Ñ � ?¥¤�Ò � ���*Ó�¨�ª	W^JLUuv	nLk"b�W^W^H	UVPTW O�b�IlJLb�`�nLPTW7MNG
`�PRIlJLg�eQM�acG�KQMZJiKFH	G�H	W^_�W^H	v	v	G�I�MZJiKFg0MNeFb�M�o*PTafJLW^JLG�K:t0JLMZe0b�I�g�H	UVPTKFMNWwW^JLUVJinLb�I8MZGmG�H	IlW�q
>v>w�Î(ðT���Gsy
it�
�� ð	����
������������ýt�
w�5���
���
fcl��
��s� ��
���� �0�qb(�u������
dÞG��
þ�ga�
��*���eñ � �m� ���$e�����
���
�������
7�m�N�B�³��
dcl��� ��� �ü���*�f�Ë���ü�B��5
����ü��
����$���Z� �g�Y� ������
¿aü�ü����� �§a����sðBaü�u�Sñ �*�����¯b(
Q���þ�N�]ñ ������
��7� �����Yv>w�Î�e



+�-��-m�d;$9"�d3m� =(/Z;$9"= © �

Y$ß5ÖcØZ��Þ,�fØQ��}�àZÞ�ØZ×�~�Ù5ÖwÞ��£~�Ù��m}�Ý�}�Ù5Ø�Ö
r eFPsJLo5PTb$G�X*H	W^JiKFg:afG�H	KFMNPTIlWdMNG0UuG�o*PTnQI�PTnib�MNJLG�KFW7`�PTMZt"PTPTKxPTO�PTKFMNWdt"b�W b�nLI�PTb�o5k³v	I�PTW^PTKQMZPTouJLKD¤�¦}= Ã f�ª^q
r eFb�M�t"G�Il¹mH	W^PTo:afG�H	KFMNPTIlW@MNGÉUVG�o5PTn(I�PTnLb�MZJLG�KQWYG�X�v	I�PTafPTo5PTKFafP b�UVG�KFgmPTO�PTKFMNWY�MNeFb�M�JLWYb�K0PTO�PTKFM�G�I*byW^PTM
G�X	PTO�PTKFMNW7UuH	W^M	v	I�PTafPTo5PRG�I&XZG�nLnLG�t b�KQG�MZeQPTI@PTOQPTKQMZ®Bq ( nLW^G0JiK?¤��@Ò õ Ó�¨�ª	afG�H	KFMNPTIlW b�I�PRo*JiI�PTafMZnik0H	W^PToVMNG
W^v	PTafJLX�kmW^k�W^MZPTU.I�PTS�H	JLI�PTUVPTKQMZW@ZnLJL¹�PT_�X�G�I8JiKFW^MNb�KQacPT_,��MNeFPRKQH	UV`�PTI8G�XFUVJLW^W^JLniPTW&j	I�PTo:JLWwKFGmUuG�I�PRMNeFb�K"MNeFP
KFH	Uu`�PTI&G�X	MNb�I�g�PTMNW7nLG�afb�MZPTouW^G0X�b�IB��®^q r eFPyg�PTKFPTI�JLaRI�PTS�H	JLI�PTUVPTKQM�MNeFb�M�bÉafPTIlMNb�JLK:PTO�PTKFM	UuH	W^M	X�G�nLniG�tzZG�I
v	I�PTacPTo5PT®8b�KFG�MNeFPTIpafb�K,`�P³PTKFI�JLaceQPToµW^v	PTafJLX�k�JLKQgVb"`�G�H	KQo*PToµo*PTnib�k<`�PTMZt"PTPTK,W^H	afeéPTOQPTKQMZW�q r eFJLWs¹�JLKFo
G�X	I�PTS�H	JiI�PTUuPTKFM�JLW7t"JLo5PTnLkh�b�nLW^G0JLKQX�G�I�UVb�nLnLk�®	H	W^PTo7q�Ø�H	IlMNeFPTI�UVG�I�PsJiM�JLW PT¶�v	nLJLafJLMNnLk"UVG�o5PTnLPTou�W^G�UuPTeFG�t
PTUV`�PTo5o5PToét"JLMNeFJLKéMNeFPmnLb�KFg�H	b�g�PmJLMNW^PTnLX�®8JLK,MZJiUVPTo Ö	PTMZI�J � PTMR¤�Ò Ø�¨�<�ª8b�KFo?JLK,ÒDÒ r MNJLUuPTo ( H	MNG�UVb�MZb
¤�ÒµÒ r Ó  ª��t0eFG�W^PdPTUu`�PTo5o5JLKQgÉJLKJÖ%Ù ¢ JLW8o*G�KQPdJLKV¤ ( ="Ó,<Tª�®Bq õ PdeFb�O�P W^eFG�t0K0eFG�t MZeQPdH	W^P G�X�afG�H	KFMNPTIlW
afb�Kh`�PpPT¶�MZPTKQo*PToxMNGmW^v	PTacJLXZkmMZeQJLW7I�PTnLb�MZJiG�K0JLK"bsOQPTI�kmW^JLUVv	nLPpb�KFoxPTXNX�PTafMZJLO�Pdt"b�k�q

CED�� �âNQUOWYT4ZO[Ú^4NQU_[
� K0MZeQJLW7afeFb�v	MNPTI8t"PReQb�O�Ppv	I�PTW^PTKQMZPTo:byX�I�b�UuPTt"G�Il¹³acG�KQW^JLW^MNJLKFghG�X�MZeQPpX�G�nLnLG�t0JLKFghacG�Uuv	G�KFPTKFMNW�«( o5PTW^acI�JLv	MZJiOQP@KQG�MZb�MZJiG�K³XZG�I�W^k�W^MZPTU4UuG�o5PTnLJLKFg2b�KQohI�PTS�H	JLI�PTUuPTKFMNW5W^v	PTacJLj	afb�MZJLG�KY«cMNeFP&I�PTb�nL\�MNJLUuP@MZPTUu\
v	G�Ilb�n�nLG�g�JLa r������ _�t0eFJLafeuv	I�G�O�JLo5PTW7bÉS�H	b�KFMNJLMNb�MNJLO�P2KFG�MNJLG�K<G�X	MZJiUVPT_(b�W^W^H	UVPTo£b�W&MZeQP2nLJLKQPTb�I@W^PTM	G�X	I�PTb�n
KFH	Uu`�PTIZ_�acG�KQW^JLW^MNPTKFMNnLkVt"JiMZe£afnLb�W^W^JLafb�n�v	eQk�W^JLacWpb�KFoéo5k�KFb�UVJLasW^k�W^MNPTU MNeFPTG�I�kc_�o5JLW^acJiv	nLJLKFPTWpt"JiMZe£t0eFJLafe
UVG�W^MFPTKFg�JLKFPTPTI�Wwb�KQo<Uub�MNeFPTUub�MNJLafJLb�KFWweFb�OQPRW^G�UuPpX�b�UVJLnLJib�I�JLMZk�q( v	I�PTafJLW^PT_�XZG�IlUVb�n*o*PTj	KQJLMNJLG�KF_5JLKéMNPTIlUVWsG�X rþ���	� b�¶�JLG�UuW^_	G�X&W^PTO�PTIlb�n5eFJLg�eQ\�nLPTO�PTn[KQG�MZJiG�KFW$eFb�O�JLKFg
b:W^JLg�KFJij	acb�KFMwI�PTnLPTOQb�KFafPmJLK?UVG�o5PTnLJLKQg,I�PTb�nL\�t0G�IlnLo÷PTKFMNJLMZJiPTW^_*W^H	afe?b�WsPTOQPTKQMZW^_5W^MNb�MNPTW^_	acG�KQMZJiKFH	JLMNkc_*j	KFJiMZP
O�b�I�JLb�`�JLniJLMZkf_��KQG�KF®�o5PTMNPTIlUuJLKFJLW^Uu_�afb�H	W^PT\�PTXNX�PTafM�I�PTnLb�MNJLG�KFW^_�PTMZa�q

r eFJLW@XZIlb�UVPTt"G�I�¹mJLW@v	b�I�MZJiacH	nLb�Ilnik$t"PTnLn(W^H	JLMNPToxMZGmW^H	v	v	G�I�MZJLKQgmMZeQPyb�afMZJLO�JLMNk$G�X ¢ k�W^MNPTU � PTS�H	JLI�PTUVPTKQMZW
b�KFb�nLk�W^JLW^_Fb³v	I�PTniJLUVJLKQb�I�kxb�afMZJiOQJLMNk<G�X8afI�H	afJLb�n�JLUVv	G�I�MZb�KFafPmJLK£MNeFPmv	I�PTnLJLUVJiKFb�Ilkxv	eFb�W^PTWRG�XYMNeFPmo5PTOQPTnLG�v	\
UVPTKQM�G�XQeQJLg�eFnLkmafIlJLMNJLafb�n�W^k�W^MZPTUuW^_TMZeQb�M�I�PTS�H	JiI�PTW[UVG�o5PTnLJLKQg$MZeQPdPTKFO�JLI�G�KFUVPTKQM�MZG�g�PTMNeFPTI*t"JLMNe0MNeFP�o2PTOQJLafP;$KFo5PTI@¦dG�KQW^MZI�H	afMZJLG�KQ_QW^MNb�MZJLKQg:H	W^PTIwI�PTS�H	JLI�PTUVPTKQMZW&b�KQo£MNeFPÉo5PTW^JLg�KxW^v	PTacJij	acb�MZJiG�KFW^_�b�KQoVafG�UV`�JLKQJLKFgxb�nLn
MNeFPTW^PÉMNG:v	PTIlXZG�IlU b�K<b�acafH	Ilb�MZPsb�KQb�nik�W^JiWdb�JiUVPTo,b�M*v	I�G�O�JLKFg:MNeFb�M5MZeQPÉW^k�W^MZPTU t"JLnLn�b�afMZH	b�nLnLk:PT¶�eFJL`�JLM5MNeFP
o5PTW^JLI�PTo£v	I�G�v	PTI�MZJiPTW�q r G"b�W^W^PTW^WRJiMZWRb�acMNH	b�nQH	W^b�`�JLnLJLMNkc_�MNeFP$XZIlb�UVPTt"G�I�¹:t"b�W b�v	v	nLJiPTo,MZG"UuG�o5PTn�b�KQo,b�KQb�\
nLk�¬�PyMNeFPpÑsPTKFPTIlb�nLJL¬�PTo � b�JLnLt"b�k0¦dI�G�W^W^JLKQghZÑ � ¦d®�W^k�W^MNPTUV_�b2t"PTnin�¹�KQG�t"Kxb�KQoxt"JLo5PTnLk³b�o5G�v	MNPTo<`�PTKQaceQ\
UVb�Il¹mXZG�I8MNeFPpW^MZH	o5kmG�X�MNJLUVPT\Qb�KQoxW^b�XZPTMZk�\�afIlJiMZJLafb�n�W^k�W^MZPTUuW^_�t0eFG�W^PpMZJiUVJLKQg0X�PTb�MNH	I�PTW[v	I�G�O�PToxMZG$`�PRUVG�I�P
afG�UVv	nLPT¶$b�KFouW^H	`�MNnLPyMZeQb�KxMNeFG�W^PyG�X5UVb�KFk0JiKFo5H	W^MZI�JLb�n�b�v	v	nLJLafb�MZJLG�KQW7MNeFb�M	t"Pyv	I�PTO�JLG�H	W^nLkhW^v	PTacJij	PToub�KFo
b�KFb�nLk�¬�PTo<H	W^JLKFg:MNeFP r������ nib�KQg�H	b�g�P2b�KFouJLMZW7MZG�G�nQPTKFO�JLI�G�KFUVPTKQM&¤�Ñ�?*Òµ]@Ó�<�_:ò5¦d¦��*Ó�f�ª^q r eFPsI�PTW^H	nLMNW&G�X
MNeFP Ñ � ¦µafb�W^P&W^MNH	o*k2eFb�OQP7`�PTPTKmW^b�MZJiW^X�k�JLKFg�_Ët0JLMZe³W^JLg�KFJij	acb�KFM�JLUuv	I�G�O�PTUVPTKQMZW[t"JLMNehI�PTW^v	PTacM�MZGsv	I�PTO�JLG�H	W
PT¶�v	niG�Ilb�MZG�I�k³t0G�Il¹0b�JLUuPTo<b�M�JLKFO�PTW^MZJig�b�MNJLKFghMZeQPyXZPTb�W^Ji`�JinLJLMNk³G�XFMZeQPyb�v	v	I�G�b�afe£¤ ( Ñ2ÒDÓ�¨�ª^q
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� K,MNeFP³UVG�o5PTnLJiKFg£G�XYMNJLUuPT\�o5PTv	PTKFo5PTKFM[W^k�W^MZPTUuW2JLMYJiWsG�XZMZPTK,H	W^PTXZH	n*MNG<H	W^PhMNeFP³b�`�W^MNIlb�acMNJLG�K£G�X�X ����� \ �Z�i�$�
�����f�����i�Z�i�f��� _5J q P�q _5aceQb�KQg�PTWsG�XwW^k�W^MNPTU W^MZb�MZPhMZeQb�M@G�afafH	IyJiK÷b:MNJLUVPhMZeQb�M@afb�K?`�PhKFPTg�nLPTafMZPToDt0JLMZe?I�PTW^v	PTacM
MNG0MNeFPyt"eFG�nLPso5k�KQb�UuJLafW G�X	W^k�W^MZPTU PTO�G�nLH	MZJiG�K@q ¢ H	ace:b�K:b�`�W^MNIlb�afMZJLG�KQ_(eFG�t0PTOQPTIN_�W^G�UuPTMZJLUuPTWdg�PTKFPTI�b�MNPTW
afIlJLMNJLafb�n5W^JLMNH	b�MNJLG�KQWÉJLKéMZeQPhXZG�IlUub�n*W^k�W^MZPTU b�KFb�nLk�W^JLW�q r eQJLW2Uub�kunLPTb�o÷MZGunLJLUuJLMZb�MNJLG�KFWÉG�IpH	KQKFb�MZH	I�b�n5H	W^P
G�X8W^H	afeVXZG�IlUub�nQb�KQb�nLk�W^JLW�q � KuMZeQJLWRW^PTacMNJLG�K£t0PÉv	I�PTW^PTKQM5b�Kub�v	v	I�G�b�afexMZeQb�M5¹�PTPTv	WRMNeFPÉJLKQMZH	JiMZJLO�Pmb�v	v	PTb�nL\
JLKQg,G�X&MNeFP0¬�PTI�G�\�MNJLUVP³MNIlb�KFW^JLMNJLG�K?b�`�W^MNIlb�acMNJLG�Kék�PTM&Uub�JiKFMNb�JLKQJLKFg,W^JiUVv	nLJLafJLMNkéb�KQoµg�PTKFPTI�b�nLJiMZk,JLKéJLMNWÉH	W^P�q
r eFPÉb�v	v	I�G�b�afexJLWR`�b�W^PTo,G�KuacG�KQW^JLo5PTIlJLKQg<¬�PTI�G�\�MNJLUVPsMZI�b�KQW^JLMZJiG�KFWpb�W G�acafH	IlI�JLKFg:JLKub�KuJLKFj	KQJLMNPTW^JLUVb�nL_�k�PTM
KFG�KQ\�KQH	nLn	MZJiUVP�q r eQPÉb�o5G�v	MNPTo,KFG�MNb�MNJLG�K£JiWd`�G�IlI�G�t"PTo,X�I�G�U KQG�KF\ZW^MZb�KFo5b�I�o,b�KFb�nLk�W^JLW�q r eQPÉb�v	v	I�G�b�ace<JLW
JLnLniH	W^MZI�b�MNPToµMNeFI�G�H	g�e Ö	PTMZI�J*KQPTMZWyb�Wsb"afb�W^P³G�X@W^MNb�MZPmUVb�afeFJLKQPTW2b�KFo rþ���	� b�Wsbhacb�W^PmG�X@nLG�g�JLaf\�`�b�W^PTo÷b�W^\
W^PTIlMNJLG�K"nib�KQg�H	b�g�PT_�`�H	MQJLMFafb�K0`�PpPTb�W^JLnik³b�v	v	nLJLPToxMNGmb�KQkhXZG�IlUVb�n(W^k�W^MNPTU o*PTb�nLJLKQgmt"JLMNe"W^MZb�MNPTW^_�MNJLUVPT_�b�KFo
MNIlb�KFW^JLMNJLG�KFW�q

� D�� � UO]4P NQVOZOWY]4^4NQU
¢ PTO�PTIlb�n	X�G�I�UVb�nLJLW^UVWseFb�OQP³`�PTPTKév	I�G�v	G�W^PTo÷I�PTafPTKFMNnLkVXZG�IRMZeQP0UuG�o*PTniJLKFg£b�KFo÷b�KQb�nik�W^JiW2G�X@MNJLUVPT\ZacI�JLMZJiacb�n
W^k�W^MZPTUuW�q � KDUVb�KFk÷acb�W^PTW$W^k�W^MZPTUuWhMNG÷`�P:b�KFb�nLk�¬�PTo¥b�I�P:o5PTW^afIlJL`�PTo¥`�k÷W^G�UuPxb�`�W^MNIlb�acM&UVb�aceQJLKFPxb�KFo
MNeFPTJLI7v	I�G�v	PTI�MZJLPTW b�I�PÉX�G�I�UVb�nLJL¬�PTo,MZeQI�G�H	g�e£W^H	JiMZb�`�nLP$X�G�I�UVH	nLb�W�q ( `�W^MZI�b�afM5UVb�aceQJLKFPTWpb�I�PsaceQb�I�b�afMNPTIlJL¬�PTo
`�kxW^G�UVP$KFG�MNJLG�K£G�X ���Z�c�Z� b�KQo?`�k �����f�����i�Z�i�f��� XZI�G�U G�KFP$W^MNb�MNPÉMNG:b�KQG�MZeQPTIBq � KVW^H	afeVXZG�IlUub�nLJi¬�b�MZJiG�KFWRJLM*JLW
G�X�MNPTKxH	W^PTX�H	n�MNG"b�o5G�v	M�MNeFPsb�`�W^MNIlb�acMNJLG�K:G�X0X ��� � \ �����$�Y�����f�����i�Z�i�f��� _(J�q P�q _�MZI�b�KQW^JLMZJiG�KFWdt"eQG�W^PÉo5H	Ilb�MZJiG�K:JLW W^G
W^eFG�I�MFMNeFb�MFJLMQacb�K"`�PRKFPTg�nLPTafMNPTo<thq Ilq MlqTMZeQPyt0eFG�nLPpW^k�W^MZPTU PTO�G�nLH	MNJLG�K@q( nLnLG�t0JLKFgxMNIlb�KFW^JLMNJLG�KFWRMNG"G�afacH	I&JLKu¬�PTI�G�\�MNJLUVPsJLWdafPTIlMNb�JiKFnLk:JLKQMZH	JiMZJLO�PTnLkxb�v	v	PTb�nLJiKFg�3�JLM5PT¶�v	G�W^PTWdeQG�t"\
PTO�PTI&MNG:W^G�UVP2IlJLW^¹�WRJLK<UVb�MZeQPTUVb�MZJiacb�nFXZG�IlUVb�nLJL¬�b�MZJLG�KYq r eQPÉUVb�JLK<v	I�G�`�nLPTU b�IlJLW^PTWdXZI�G�U MNeFP$XZb�afM	MZeQb�M5JLM
JLWpS�H	JLMNPhKQb�MNH	Ilb�n�MNG<o5PTW^afIlJL`�P$W^k�W^MNPTU W^MZb�MZPmPTO�G�nLH	MNJLG�K,`�kuXZG�IlUVb�nLJL¬�JLKQg<JiMZWyW^MZb�MNP$b�Wpb³MZG�MNb�n	XZH	KFafMZJiG�K,G�X
MNeFP2MNJLUuPÉOQb�IlJib�`�nLP�« �  � ®*o5PTKQG�MZPTW7W^k�W^MNPTUO×�WdW^MNb�MNP2b�M	MZJiUVP � q¿ò5k"MNeFJLWdt0b�kf_(MNeFPÉPTXNX�PTafMFG�X*bÉMNIlb�KFW^JLMNJLG�K ��� JLW
o5PTW^acI�JL`�PTo0b�W[b W^MZb�MZP&MNIlb�KFW^X�G�I�UVb�MZJiG�K³MNeFb�M�nLPTb�o5W[W^k�W^MNPTUO×iW[W^MZb�MNP X�I�G�U ôTS b�M(MNJLUVP êfS �b�M�MNeFP `�PTg�JLKQKFJLKQg$G�X
MNeFPRMNIlb�KFW^JLMNJLG�KF®FMZG ô
U b�M�MNJLUVP ê¯U Zb�M�MNeFPpPTKFoxG�XQMZeQPyMNIlb�KFW^JiMZJLG�KQ®^q � XQt"PRb�ninLG�t ��� MZGmeQb�O�PdbyKFH	nLn�o5H	Ilb�MNJLG�KF_
eFG�t0PTOQPTIN_�t"P2G�`�MNb�JiKuMNeFb�M êfS ´ ê¯U b�KQo*_�MZeQPTI�PTXZG�I�PT_�b�M êfS MNeFPÉW^k�W^MNPTU JLW ���f��� JLK<W^MNb�MNP ôTS b�KFo£JiKuW^MNb�MNP ôyU «
W^H	afe"bpacnLb�JLU afG�KFMNIlb�o5JLafMZW@MNeFPRJLKQMZH	JiMZJLO�Ppb�W^W^PTI�MZJiG�K"MZeQb�M�b�MQbyg�JLOQPTKhJLKFW^MNb�KFMFMNeFPpW^k�W^MNPTU JLW@JLK"PT¶�b�afMNnLkmG�KFP
W^MNb�MNP�q � MFb�nLW^GmPT¶�v	G�W^PTWwMNGhMNeFPpIlJiW^¹hG�X�XZG�IlUub�n�afG�KFMNIlb�o5JLacMNJLG�KQW7JLXZ_�P�q g[q _�G�KFPpo5PTW^acI�JL`�PTW&W^k�W^MNPTU W^MNb�MNPpb�WwMNeFP
v	I�G�v	PTIlMNk³MNeFb�MFW^G�UuPpKFG�o5PpJLWwUVb�Il¹�PToxG�IYKFG�Mlq

r GmG�O�PTI�afG�UVPRMNeFJiW7o5JLXNj	acH	niMZkmW^PTO�PTIlb�n(b�v	v	I�G�b�aceQPTWYeFb�OQPR`�PTPTK"XZG�nLnLG�t"PTo<JLK"MNeFPpnLJiMZPTI�b�MNH	I�P�«� � K ( ¢ r�� ( ??¤�¦�Ö	Ñ��RÓ�¨�ªF¬�PTI�G�\�MNJLUVPRMNIlb�KFW^JiMZJLG�KQWwb�I�PRW^JLUVv	nikhPT¶�acnLH	o5PTo7q� ( M5MNeFP$G�MNeFPTI7PT¶�MNI�PTUuPT_�JiKOd5W^MZPTI�PTn@¤>ò5¦ Ã ©�ª*b�nin�MZI�b�KQW^JLMNJLG�KFWpb�I�PÉb�W^W^H	UVPTo,MNGxMZb�¹�PÉ¬�PTI�G"MNJLUuP�q r eFJLW
JiW$o*H	PxMNGéMZeQP:MZk�v	JLafb�ninLk÷W^k�KQaceQI�G�KQG�H	Whb�v	v	I�G�b�afe÷G�KDt0eFJLafeßd5W^MZPTI�PTn8JLWm`�b�W^PTo «dMNeFP:b�`�W^MZI�b�afMZJiG�K
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v	I�G�O�JLo5PTo,`�kuMZeQPmUVG�o5PTn	b�W^W^H	UuPTWsMNeFb�M8b³t"eQG�nLPhMNJLUuP³H	KQJLMYPTnLb�v	W^PTWpb�KQoéMZeQb�M[b�M[JLMZWyPTKFoéb�� ���i���
W^PTS�H	PTKQacPxG�XRW^MNb�MNPxMZI�b�KQW^JLMZJiG�KFW³G�acafH	IlW�q ( Wmt"JiMZe b�nLn@W^k�KFafeFI�G�KFG�H	Whb�`�W^MNIlb�acM&UVb�aceQJLKFPTW³MNJLUVP<JLW
JiKFMNIlJLKQW^JLacb�nLnLk³b2o5JLW^afI�PTMZPdW^PTM���q� � Ku¤�=P?5Ó,<Tª�_ËJLKQW^MZPTb�o5_ËMNJLUVP �$����� `�P bdo5PTKFW^P7W^PTMBq ¢ k�W^MNPTU PTOQG�nLH	MNJLG�K³JLW8o5PTW^afIlJL`�PTohb�W*b�Kmb�nLMNPTIlKFb�MNJLKFg
W^PTS�H	PTKQacPsG�X[MNIlbcãþPTafMZG�I�JLPTW b�KFo£b�afMZJLG�KQW�q ( MNIlbcãþPTafMZG�I�k:acG�I�I�PTW^v	G�KQo*W7MZG0b$MZJLUuPÉJLKQMZPTI�OQb�nQt0eFPTI�P2MNeFP
W^MNb�MZPmJLWyacG�KQW^MZb�KFM8G�IRaceQb�KQg�PTWyafG�KFMNJLKFH	G�H	W^nLk,t0JLMZe,MNJLUuP43*b�afMZJLG�KQWsb�I�P$JLKFW^MNb�KQMZb�KFPTG�H	WsMZI�b�KQW^JLMNJLG�KFW
MNeFb�M	afeFb�KFg�PÉMNeFPÉW^k�W^MNPTU W^MNb�MNP�q r eFH	W^_�MNeFPÉW^k�W^MNPTU W^MNb�MNP2JiWdbmv	JLPTacPTt0JLW^P2afG�KFW^MNb�KQM5G�I7afG�KFMNJLKFH	G�H	W
XZH	KFafMZJiG�K"G�X�MNJLUVP�q� � KÐG�MNeFPTI³afb�W^PTWé¤ � W^M Ã Ó�ª�_É¤�ò�oÉÓ  ª�_$¤�¦dPTIlÓ � ªyMZJLUuP£JLW:UuG�o*PTniPTo·b�W0b?v	b�IlMNJLafH	nLb�I³W^k�W^MNPTU O�b�IlJLb�`�nLP
b�KFo JiMZWmO�b�nLH	P0JLW$PT¶�v	nLJiacJLMNnLk?H	v	o5b�MNPTo `�k?W^v	PTafJLb�n8MNIlb�KFW^JLMNJLG�KQW³ZP�q g8q³MZJLaf¹éJLKï¤ � W^M Ã Ó�ª�_8t0eFJLafeDJLUu\
v	G�W^PTWwbso*JiW^acI�PTMZPRMNJLUuPyo5G�Uub�JLKQ®�t"eQJLace:b�I�PRJLKFMNPTIlnLPTb�O�PTo<t0JLMZe0G�MZeQPTI@W^MZb�MZPRMNIlb�KFW^XZG�IlUub�MNJLG�KFW�q r eFJLW
b�v	v	I�G�b�afeµW^G�UuPTMZJLUuPTW"JLUuv	G�W^PTW0Ilb�MNeFPTIÉH	KQKFb�MZH	I�b�nwX�G�I�UVb�nLJL¬�b�MNJLG�KQWhG�XpW^k�W^MZPTU v	I�G�v	PTIlMNJLPTW^_@b�KFo
Uub�¹�PTWdMNeFPTJiI7v	I�G�G�X[UuH	ace<nLG�KQg�PTI7b�KQo,H	KFJLKQMZH	JiMZJLO�P�q%Ø�G�I7JLKFW^MNb�KFafPT_�JiM*afG�H	nLo,eQb�v	v	PTK<MZeQb�M5JLKuW^k�W^\
MNPTU o*PTW^afIlJiv	MZJLG�K÷MZt0G?W^MNb�MZPTW ô S b�KFo ô U eFb�O�P"MZeQP:W^b�UuP:OQb�nLH	P"XZG�IsMNeFP!  MNJLUVP:O�b�IlJLb�`�nLP"  _*t0eFJLafe
v	I�PTO�PTKFMNWdMZeQPmacnLb�W^W^JLafb�ni_QW^JLUuv	nLPmUVG�o5PTnLJLKQgVG�XYW^k�W^MNPTU W^MNb�MNP$b�Wpb³X�H	KQacMNJLG�K£G�XYMNJLUuPT_Fb�KFoéeFJLKQo5PTIlW
MNeFP H	W^PRG�XQXZb�UuJLnLJLb�I[niG�acH	MNJLG�KFWwW^H	afe0b�W�  MZeQPRW^k�W^MZPTUzW^MZb�MZP b�M�MNJLUVP �  �q ( niW^G�_�JiK0MNeFPRafb�W^PdG�X�o5JLW^afI�PTMNP
MNJLUuPdo5G�UVb�JLKFW^_TMNeFPdH	KQPT¶�v	PTI�JLPTKFafPTo"H	W^PTI5UVH	W^M�`�P PTUVv	eQb�MNJLafb�ninLk$t"b�IlKFPTo0MZeQb�M#  MNeFPdKQPT¶�M�OQb�nLH	P7G�X
W^k�W^MNPTU O�b�I�JLb�`�nLP �  *JLWwKFG�MQKFPTafPTW^W^b�I�JLnLk$ �MNeFPRO�b�nLH	Ppb�M�MZJiUVP � 5   cq� � K ¤�Ø�ÒµÒDÓ�©�ª�_�I�PTv	G�I�MZPTo,JiKVW^PTafMZJLG�K_g�q � q  _�t"P2eFb�OQPÉv	I�G�O�JLo5PTo,b�K<b�¶�JLG�UVb�MNJL¬�b�MNJLG�KVG�X*MZJiUVPTo Ö	PTMZI�J
KQPTMZW5t"eQJLafe$b�nLniG�t"W[¬�PTI�G�\�MNJLUVPwMNIlb�KFW^JLMNJLG�KFW�q � KÉMZeQP7g�PTKQPTIlb�nTacb�W^PT_ceQG�t"PTO�PTIZ_cW^H	ace$b�KÉb�¶�JLG�UÀW^k�W^MNPTU
UuH	W^M5o*PTb�n�t"JLMNeVMNeFPÉv	G�W^W^JL`�JLniJLMZkxG�X*W^PTOQPTI�b�n�j	IlJiKFg�WRG�X[MNeFP2W^b�UuPÉMZI�b�KQW^JLMNJLG�KuJiKVMNeFPÉW^b�UVPÉJiKFW^MNb�KQMB«
MNeFJiWhJLUuv	G�W^PTWhbVX�b�JLIlnLk?afH	UV`�PTIlW^G�UuPuKQG�MZb�MZJiG�K b�KQo I�PTS�H	JiI�PTW$b£afG�KFO�PTKFMNJLG�K¥MNG÷o5PTj	KFPxbuW^JLKFg�nLP
W^MNb�MZPRZUVb�Il¹�JLKFg�®�G�XFMZeQPyKQPTMFb�MFbyMZJiUVP � t"eQPTK"W^PTOQPTI�b�n�MNIlb�KFW^JiMZJLG�KQW7j	I�PRW^JLUuH	nLMZb�KFPTG�H	W^nik(q � K?¤ ¢�¢ Ó�<�ª
MNeFPxb�H	MZeQG�IlW³W^eFG�t MNeFb�M v	I�G�`�niPTUVWmb�I�JLW^PxPTOQPTKµt"eFPTK UuG�o*PTniJLKFg÷MZJLUuPuJiKßÖ	PTMZI�J@KFPTMNWh`�k?UVPTb�KFW
G�X7MZG�¹�PTKDMNJLUuP<W^MNb�UVv	W�«dJLKDv	I�PTW^PTKFafP:G�X JLKQW^MZb�KFMNb�KFPTG�H	W³PTOQPTKQMZW^_[MZeQPTk÷v	I�G�v	G�W^P:MZGéb�o5o�MNGéMZJiUVP
W^MNb�UVv	W5b�K$JiKFo5PT¶Ro5PTKFG�MNJLKFgsMZeQP7G�I�o5PTI�G�X(v	I�G�o*H	afMNJLG�K$G�X�W^JLUVH	niMZb�KFPTG�H	W^nLk2g�PTKQPTIlb�MZPTomMNG�¹�PTKFW�q r eFJLW
W^G�niH	MZJLG�KuJLWRW^JLUuJLnLb�I7MNG:MZeQb�M5v	I�G�v	G�W^PTo£JLKD¤�Ø�ÒDÒDÓ�©Tª[b�KFoVW^eFb�I�PTWdMNeFP2W^b�UuPÉt"PTb�¹�KQPTW^W^PTWdJLKuMZPTI�UVW
G�XQKFb�MZH	I�b�niKFPTW^Wwb�KQoxg�PTKQPTIlb�nLJLMNk(q

r G³W^H	UVUub�I�JL¬�PT_�b�nLn�b�v	v	I�G�b�aceQPTW@v	I�G�v	G�W^PTo<W^G³X�b�I8eFb�o<MZG³v	b�k³b2v	I�JLafPyPTJiMZeQPTIYJLK:MNPTIlUVW&G�X�g�PTKFPTI�b�niJLMZkf_�G�I
JLKhMZPTI�UVW@G�X�KFb�MZH	I�b�nLKQPTW^WYJLKhMZeQPRPT¶�v	I�PTW^W^JLG�Khb�KFo:v	I�G�G�X�G�XFW^k�W^MZPTUzv	I�G�v	PTI�MZJiPTW^_ËG�I8JLKhMZPTI�UVWYG�XQeFPTb�OQJiKFPTW^W
G�X�MNeFPpUVb�MNeFPTUVb�MNJLacb�n(KQG�MZb�MZJiG�K@q� K÷MZeQJLW$W^PTafMZJLG�Kµt"P:v	I�PTW^PTKQMwbuKQG�OQPTnYb�v	v	I�G�b�afe÷t0eFJLafeDafG�K,ãþH	g�b�MZPTW$JLKQMZH	JiMZJLG�K t0JLMZe÷UVb�MZeQPTUVb�MZJiacb�n
IlJig�G�Iyb�KFoDg�PTKFPTI�b�niJLMZk�qÉÑ2G�JLKQgé`�b�af¹£MZGVMZeQP"G�IlJLg�JLKQb�n8JLKFMNH	JLMNJLOQP0UVPTb�KFJLKQg?G�Xw¬�PTI�G�\ZMZJiUVP0MNIlb�KFW^JiMZJLG�KQW$t"P
afG�KFW^JLo5PTI&W^H	ace<MZI�b�KQW^JLMNJLG�KFWRb�W G�afacH	I�IlJLKQg:JLK<b�KxJLKQj	KFJLMNPTW^JLUVb�n�\*k�PTM	KFG�KF\ZKFH	nLnF\*MNJLUuP43�JiKuMNeFPÉMNIlb�o5JLMNJLG�KFb�n
afG�KFMNJLKFH	G�H	W[UVb�MZeQPTUVb�MZJLafW5MZPTI�UVJLKQG�nLG�g�k�  b ¬�PTI�G�\�MNJLUVP@MNIlb�KFW^JLMNJLG�K$b�acMNH	b�nLnLkpMZb�¹�PTW5b7KQG�KF\�KQH	nLn�MZJLUuPwt"eFG�W^P
UVPTb�W^H	I�PRJLWwW^UVb�nLnLPTI8MNeFb�K"b�KFk³j	KFJLMNPpv	G�W^JLMNJLOQPyKFH	Uu`�PTI% cq

õ P@X�H	ninLksXZG�IlUub�nLJi¬�P@MNeFJLW*b�v	v	I�G�b�aceyt"JLMNeFJiK$MZeQP&XZIlb�UVPTt"G�I�¹sG�X ���c� \ �����f�����f���7�f���c�������i� ¤ � G�`�<  _ � G�`�Ó�<�ª�_
t"eQJLaceuv	I�G�O�JLo5PTWdbmW^JLUuv	nLP$b�KQo,JLKFMNH	JLMNJLO�P$KFG�MNb�MNJLG�K£MNG:X�G�I�UVb�nLJL¬�P2JLKQj	KFJLMNPTW^JLUVb�n	afb�nLafH	nLH	W�q õ P$JLKFW^MNb�KQMZJi\
b�MZPdG�H	I[b�v	v	I�G�b�ace³t"JLMNe"I�PTX�PTI�PTKFafP7MNG$MZJiUVPTo Ö	PTMZI�J(KFPTMNW@b�KFoxMZG$MNeFPRniG�g�Jia nLb�KFg�H	b�g�P rþ���	� t"eFJLafe"t"P b�I�P
H	W^JLKQg£X�G�IRG�H	IRI�PTW^PTb�I�afeVJLK,MNeFPhj	PTnLoµG�X@I�PTb�ni\�MNJLUVP$W^k�W^MNPTUVW:¤�Ø�ÒDÒDÓ�©Tª^q õ P³t"JLnLn*W^eFG�tp_5eFG�t"PTO�PTIN_�MZeQb�M
G�H	IYb�v	v	I�G�b�afehJLWwb�`�W^G�nLH	MZPTnikhg�PTKFPTI�b�n�b�KFoxafb�Kh`�Pyb�v	v	nLJLPToxb�W@t"PTnLn�MNGmb�KQkhG�MNeFPTIYb�`�W^MZI�b�afM�UVb�aceQJLKFPpb�KFo
b�W^W^PTIlMNJLG�K£nLb�KFg�H	b�g�P�qÚØ�H	I�MZeQPTIlUVG�I�PT_�o*PTW^v	JiMZP$MNeFPmX�b�afM*MNeFb�M8t0P$o*PTb�n�t"JiMZe£JiKFj	KFJiMZPTW^JLUub�n5KQH	UV`�PTIlW^_QG�H	I
b�v	v	I�G�b�ace³afb�K"`�PRb�v	v	nLJLPTox`�G�MZe:MNGmo5PTKFW^PRb�KFoxMZG³o5JLW^afI�PTMNPdMNJLUVPpo5G�UVb�JLKFW�q

r eFP:t"G�I�¹µJLWmG�I�g�b�KQJL¬�PTo¥b�WmX�G�nLnLG�t0W�q ¢ PTafMZJiG�KD©�q gxv	I�G�OQJLo5PTWmb<W^eFG�IlM W^H	UVUVb�Ilk?G�XdKQG�KF\�W^MNb�KFo5b�I�o
b�KFb�nLk�W^JLWc3 ¢ PTacMNJLG�K"©Fq � v	I�G�O�JLo5PTW&b�K0b�¶�JiG�U W^k�W^MZPTU XZG�I8MNJLUVPTo�Ö	PTMZI�J�KFPTMNWw`�b�W^PToxG�K:bsUuJLKFJiUVb�n�W^H	`�W^PTMQG�X
MNeFP r������ nLb�KQg�H	b�g�Pdb�KFo"b�W^W^H	UVJiKFgmbRMZJiUVPdo5G�UVb�JLK³b�H	g�UuPTKFMNPTo:t"JLMNe0JLKQj	KFJLMNPTW^JLUVb�n(KQH	UV`�PTIlW�q ¢ PTafMZJiG�K& �?� �c�� a��.ñ��þTSñ � aü����� ���$�f�T� ��� �4�m����
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©Fq ©2v	I�G�O�JLo5PTW7b2X�PTt PT¶�b�UVv	nLPTW&G�X5v	I�G�v	PTI�MZkhv	I�G�G�XZW7JLK<MNeFP2KQPTtzb�¶�JiG�UVb�MZJL¬�b�MZJLG�Kxb�KFouW^eFG�t"WdMNeFb�M	MNeFPTW^P
KFPTt4v	I�G�G�X�Wwb�I�P acG�KQW^JLo5PTIlb�`�nikhW^JLUuv	nLPTIYMNeFb�K"MNeFG�W^Ppo5PTIlJLO�PToxt"JLMNe"v	I�PTO�JLG�H	W@b�v	v	I�G�b�afeFPTW�qØ�G�I5MZeQPdW^b�¹�P7G�XQW^eQG�IlMNKFPTW^WYt"P nLJLUVJiM�G�H	I�W^PTnLO�PTWYMZG2MZeQPdPTW^W^PTKFMNJLb�n�b�W^v	PTacMNW8G�X�MNeFPdv	I�G�v	G�W^PTo"b�v	v	I�G�b�aceS3
MNeFPpW^¹�JLv	v	PToxo*PTMNb�JLnLW^_�eFG�t"PTO�PTIZ_�afb�Kh`�PyPTb�W^JLnLk³j	nLnLPToxG�H	Mlq

� D�( ) [ÚZOKMKMREP"*XN,+ UONQU.-4[Y]4REUOV_REPSV REUORET%*_[Ú^4[
� K,MNeFJiWsW^PTafMZJiG�K?t0PhJLKQMZI�G�o5H	acPmMNeFP³UVb�JLK,afG�KFafPTv	MZWyG�XYMNeFP³UVG�o5PTIlK,MNeFPTG�I�kVG�X@JLKQj	KFJLMNPTW^JLUVb�nLWsX�G�H	KFo5PTo
`�k ( q � G�`�JiKFW^G�K¥¤ � G�` <  _ � G�`�Ó,<�ª�_�MZeQPÉKFG�KQ\�W^MNb�KQo5b�I�o,b�KQb�nik�W^JiWR � ¢ ( JLKV`�I�JLPTX�®Bq õ P$v	I�G�OQJio*PsG�KFnLk<MNeFP
UVJiKFJLUuH	U `�b�af¹�g�I�G�H	KFoxMNeFb�MFJLWwKFPTPTo5PToxMNG³PT¶�v	nLb�JLK"G�H	IYb�v	v	nLJLafb�MNJLG�KhG�X�MZeQJLWwMZeQPTG�Ilk�q

r eFP:Uub�JLKµJLo5PTb<MNeFb�M XZb�afJLnLJiMZb�MZPTW2v	Ilb�acMNJLafb�nYb�v	v	nLJLafb�MZJLG�K÷G�X � ¢ ( JLWmo*H	P:MNG d7q � PTnLW^G�Kô¤ � PTnL¨�¨Tª	3weFP
o5PTj	KFPToÐb£MZeQPTG�Ilkf_wacb�nLnLPTo � KFMNPTIlKQb�n ¢ PTM r eQPTG�IlkD � ¢ r ®Z_[t"eQJLafeÐJLKQacniH	o*PTW³b£MNk�v	JLacb�n&b�¶�JLG�UVb�MZJi¬�b�MZJiG�K G�X
b�IlJLMNeFUuPTMZJLafW2ZW^b�kf_�]�Ø�¦d_�MNeFPh]@PTIlUuPTnLG�\�Ø�Ilb�PTKF¹�PTn*W^PTMYMNeFPTG�IlkVt"JLMNe÷MNeFPhb�¶�JLG�U G�X@¦deFG�JLafP,¤�¦dG�e'<,<�ª�®@b�KFo
PT¶�MNPTKFo5WsJLM@MZeQI�G�H	g�e?MZeQP0v	I�PTo5JLacb�MNP �����f�����f��� �`�IlJiP4n	k ��� ®�_	t"eQJLafe÷JLW2nLPTX�MYo5PTnLJi`�PTI�b�MNPTnLkuH	KFo5PTj	KFPTo5_5v	nLH	W
MNeFI�PTP$b�o5o5JLMNJLG�KFb�n�b�¶�JLG�U W^aceQPTUVPTW�q r eQb�KQ¹�WRMZGxMNeFPmKFPTt ��� v	I�PTo5JLacb�MNPÉJLKFMNI�G�o*H	afPTo,`�k � ¢ r _�t"Pmafb�KuW^b�k
t"eQPTMZeQPTI*b KFH	UV`�PTI5�G�X�MNeFP7H	W^H	b�n�KFH	UuPTIlJLa8W^PTMZW[W^H	acemb�W8MNeFP I�PTb�nLW � b�KFo0MNeFP7KFb�MZH	I�b�niW � ®�JLW[PTJLMNeFPTI	W^MNb�KQ\
o5b�I�o£G�I7KFG�MlqYd5OQPTI�k:acG�KQacI�PTMZPsKFH	Uu`�PTI7G�KFP$afG�H	nLoét"IlJiMZP$G�I&bhafG�UVv	H	MNPTI&acG�H	nLoég�PTKFPTI�b�MNPÉJLWRW^MNb�KFo5b�I�o7q
r eFH	WwKFH	Uu`�PTIlWwW^H	ace:b�W  _�/Q_  6  ���� _Tb�I�PdW^MZb�KFo5b�I�o7q

r eFPhv	I�PTo5JLafb�MNPmW^MZb�KFo5b�I�o?JLWÉH	W^PTo÷MZGVJLKFMNI�G�o5H	afP0MNeFPhacG�KQacPTv	M@G�XwJLKQj	KFJLMNPTW^JLUVb�nYJLK � JiK?MNeFPhX�G�nLniG�t"\
JLKQg:t"b�k[« � JLWdJLKQj	KFJLMNPTW^JLUub�n�JiX ý 1½5 b�KQo � JLWdW^Uub�nLniPTI7MNeFb�Kxb�KQk:v	G�W^JLMZJiOQPÉW^MNb�KFo5b�I�oVKQH	UV`�PTIw�W^Uub�nLniPTI
MNeFPTKxb�KQk"KFH	Uu`�PTI&t0P2afb�Kxt"I�JLMZPsG�Iwacb�nLafH	nLb�MNPT®^q � JLW7JLKFj	KQJLMNPTW^JLUVb�nÝ3�JLKxX�b�acMN_�JiM*JiW MNeFP2G�KQnLk:JLKQj	KFJLMNPTW^JLUVb�n
W^MNb�KQo*b�I�o:KFH	UV`�PTIlq�¦dniG�W^PyMNG � MNeFPTI�PRb�I�PRMZeQPpKFG�K:W^MNb�KQo*b�I�o:JLKFj	KQJLMZPTW^JiUVb�nQKQH	UV`�PTIlWw�JiKFj	KFJiMZPTW^JLUub�n�b�KFo
g�I�PTb�MNPTIRMZeQb�K?¬�PTI�G�®^q r eQPTk,b�I�P0KQG�MwMZeQP"G�KFnLkéKQG�KµW^MNb�KQo*b�I�oµKFH	Uu`�PTIlW�q � JLKQacnLH	o5PTWÉUub�KQk,G�MZeQPTIsKQG�K
W^MNb�KQo*b�I�o?KQH	UV`�PTIlW^_	MNeFb�M8b�I�P³MNeFP³I�PTW^H	nLM8G�X@b�o5o*JiKFg<b�KQo÷W^H	`�MNIlb�acMNJLKFguJLKFj	KQJLMNPTW^JLUVb�n[b�UVG�H	KQMZWsMZG<W^MNb�KQ\
o5b�I�oxKFH	Uu`�PTI�W�q r eFPTI�PRb�I�PRb�nLW^G³H	KFnLJLUuJLMNPToVKFG�K:W^MNb�KFo5b�I�o:KFH	Uu`�PTIlW^_�J�q P�q _�MZeQPpJLKFO�PTIlW^PTWwG�X	JLKQj	KFJLMNPTW^JLUVb�n
KFG�K:W^MNb�KFo5b�I�o:KFH	Uu`�PTIlW^_�g�I�PTb�MZPTI*MZeQb�K0PTOQPTI�k³W^MNb�KFo5b�I�o:KFH	Uu`�PTIBq� G�t t"PxX�G�I�UVb�nLJL¬�PxMZeQPub�`�G�OQPxafG�KFafPTv	MZW³JLK � MZeQI�G�H	g�e j	IlW^M G�I�o5PTIÉv	I�PTo5JLacb�MNP"X�G�I�UVH	nLb�W^_wt"eFPTI�P
² ý1032 � ëNýFð JLWwb�K"b�`�`�I�PTOQJib�MNJLG�K³X�G�I ² ý8ë	ô$ê�ëþý�ð ^¾�

ëþý�ð�ð «
�i� � �������������$�c� �4c®ÀJiW7o5PTj	KFPToxb�W ² 032 ¶s�¶ 27� ^65 4 5 0 ¶�®
������� � ���i�������i�$�f� �4f®4JLWwo*PTj	KQPToxb�W ² 0�2 ¶É�¶ 27� ^65 4 5 0 ¶�® ñ�\ W^MN�4c®
�i� � �������������$�c� 5	�4c®4JLWwo5PTj	KFPToxb�W ² 032 ¶ÉZ¶ 27� ^ �7- 4 0 ¶�® ñ�\ W^MN�4c®
Ø�G�IlUuH	nLb�W@JiK"t"eFJiace"MNeFPRv	I�PTo5JLafb�MNP ��� o5G�PTW@KQG�MFG�afacH	I[b�I�P afb�ninLPTo �i�����������f� XZG�IlUVH	nib�W�qËt"eQPTI�PTb�WYX�G�I�UVH	nLb�W
H	W^JLKQg<MNeFP2W^MZb�KFo5b�I�o£v	I�PTo5JLafb�MNPsb�I�P �����Z�������c� q r eFP2o*PTj	KQJLMNJLG�KFWpg�JLO�PTKub�`�G�OQPÉb�I�P2b�nLnFPT¶�MZPTI�KFb�nQXZG�IlUVH	nib�W^_
t"eQJLnLP2XZG�IlUuH	nLb�W&G�X�afnLb�W^W^JLacb�n�b�I�JLMNeFUVPTMNJLadb�I�PRJLKFMNPTIlKQb�n q(ÑsJLOQPTK:b�K:JLKQMZPTI�KFb�n �������Z����âB� Zb2XZG�IlUVH	nibÉt"JLMNe:KFG
X�I�PTP O�b�IlJLb�`�nLPTW^®4²³_TMZeQP � �����c�Z�i��� X �c�Z�i�f� G�XW²ïMNG$MNeFPdW^MNb�KQo5b�I�o"W^PTMNW^_�o5PTKQG�MZPTo:b�W¿² 032 _�JLW@G�`�MZb�JLKQPTo:X�I�G�U+²ï`�k
I�PTW^MZI�JLacMNJLKQgub�nLn�S�H	b�KFMNJLj	acb�MNJLG�KFWyMZGxW^MNb�KQo5b�I�o,OQb�nLH	PTWp�J�q P�q _�`�k<W^H	`�W^MNJLMNH	MZJLKQg£PTO�PTIlkxG�acafH	IlI�PTKFafPÉG�X ² ¶0`�k
² 0�2 � ®Bq ( XZH	KFo5b�UVPTKFMNb�n�UuPTMZb�\�MNeFPTG�I�PTU G�X � ¢ r ZeFPTI�PTJLKFb�X�MNPTIYafb�ninLPTouMNeFP r I�b�KQW^X�PTI r eFPTG�I�PTUV®Fb�W^W^PTI�MZW&MZeQb�M² 032 æ ²J3ËeFPTKQacPdb�nLn�MZeQPTG�I�PTUuWYG�X�acG�KQOQPTKQMZJLG�KQb�n�UVb�MZeQPTUVb�MZJLafWYb�nLW^GÉeQG�nLoxJLK � ¢ r t"eQPTK0I�PTnLb�MZJLO�JL¬�PTo0MNGÉMNeFP
W^MNb�KQo*b�I�ouW^PTMNW^_�b�KQo5_(acG�KQOQPTI�W^PTnLkf_(MZGhv	I�G�O�Pyb�KxJLKQMZPTI�KFb�nQMNeFPTG�I�PTU JLM	W^H	XZj	afPTW&MZG"v	I�G�O�PsJLMNW I�PTnLb�MZJiOQJL¬�b�MZJLG�K
MNG"MZeQP2W^MNb�KQo5b�I�oVW^PTMNW�q ( KFG�MNeFPTIwX�H	KQo5b�UuPTKFMNb�n�I�PTW^H	niM	G�X � ¢ r PTKQW^H	I�PTW7MZeQb�M	JLM5JLW b âB�c�����������c�Z�i���@���������������c�
G�X�]�Ø�¦d_�MZeQb�M�JLW^_�PTOQPTI�kmJLKFMNPTIlKQb�n�W^PTKQMZPTKQacPpMNeFb�MFafb�Kh`�Ppv	I�G�OQPTo:JiK � ¢ r afb�Khb�nLW^Gm`�Ppv	I�G�O�PTo:JLK"]�Ø�¦mq

r eFPsI�PTW^H	nLMNW G�X*MNeFP2H	W^H	b�nFG�v	PTI�b�MNJLG�KQW �8�_p5	_�\�_�b�KFoß6�®*`�PTMNt"PTPTK<W^MZb�KFo5b�I�o<b�KQo£KFG�KuW^MZb�KFo5b�I�ouKFH	Uu\
`�PTIlW@b�I�P o*I�JLO�PTK0`�kmMZeQPyW^G$afb�nLnLPTo3?5PTJL`�KFJL¬yI�H	niPTWy¤�oqoÉÓ,f�ª^q r eFPRX�G�ninLG�t"JLKQg0MNb�`�nLPTWYPT¶�v	I�PTW^W@W^G�UuPpG�XFMNeFPTW^P
I�H	nLPTWsH	W^JiKFg£MNeFP³W^k�UV`�G�n87$X�G�Idb�K,JLKQj	KFJLMNPTW^JLUVb�nL_:9hX�G�IRb0niJLUVJLMNPToµKQH	UV`�PTIR�J�q P�q _Qb"KFH	Uu`�PTI MZeQb�MYJiWsKQG�M
nLb�I�g�PTI*MZeQb�K0b�KQkhW^MNb�KQo5b�I�o:KFH	Uu`�PTI�®^q

5 7 99 9 97 7
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Ø�JLg�H	I�Pp©Fq  « ( K"JLKQMZH	JiMZJLO�Ppo5JLW^v	nLb�khG�XQJLKFMNPTg�PTIYKFH	Uu`�PTI�Wwb�H	g�UVPTKQMZPTo<t"JLMNe"KQG�KF\�W^MNb�KFo5b�I�oxKFPTJLg�eQ`�G�I�W�q
Ø�I�G�U MZeQPTW^P7MNb�`�nLPTW5t"P&afb�KÉo5PTI�JLOQPwMNeFPwJLKQMZH	JLMNJLO�P I�H	nLPTW�«; r eFP&W^H	U4G�X(MNt"G2JLKQj	KFJLMNPTW^JLUub�n�KFH	Uu`�PTI�W[JiW*b

JLKQj	KFJLMNPTW^JLUVb�n�KFH	UV`�PTIN_�MNeFPwv	I�G�o*H	afM�G�X�b nLJLUuJLMNPTohKQH	UV`�PTI	`�ksb�KÉJLKQj	KFJLMNPTW^JLUVb�n�KFH	UV`�PTI�JiW[JLKQj	KFJLMNPTW^JLUub�nL_
PTMNaÉq�q�q�q  ="PTI�PRt"Pyo*G³KFG�MFPT¶�v	I�PTW^W&JiK:G�H	I@b�¶�JLG�U W^k�W^MZPTU MNeFPTW^PyI�H	niPTW7Zb�Wwt"PTnLn�b�W7G�v	PTI�b�MNJLG�KQW7`�PTMNt"PTPTK"W^MNb�KQ\
o5b�I�o"KQH	UV`�PTIlW^®�b�KQo:b�W^W^H	UuPRG�MZeQPTI8H	W^PTXZH	n�v	I�G�v	PTIlMNJLPTWYX�I�G�U MZeQP � ¢ r MNeFPTG�I�k³ZP�q g8q�MNeFPTI�PdPT¶�JLW^MZW8JLK � b�KFo
JLK � b�K"JLKQj	KFJLMNPTW^JLUub�n�KFH	Uu`�PTIZ_Qq�q�q ®
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b�MYb:MNJLUVPho5JLW^MZb�KFafP � W^JiKFafP"JLMNW2PTKFb�`�nLJLKQg,t"JLMNe?UJI.5�4 S - M - ÒKIc5�4 U _�4 S _L4 U `�PTJLKFgVMZt"G ���f�����������
JiKFj	KFJiMZPTW^JLUub�n�KQH	UV`�PTIlW�q
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trio_td_terms [D : TYPE+] : THEORY
BEGIN
...
TD_Term : TYPE = [time -> D]
...
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TD_Fmla : TYPE+ = TD_Term[bool]

��Ø�egd�#&%&Ø�fGi�4�d+ÙyØ�4L9
´ J1Ü�ÛHäBã)Ø#â+åAæ?ØTå.Ú1æ&Ú1ä	N�U5â+éäBØ#åAæ � V�â+â<N#Ü�äBå]O�åAÚ1é[V�Ü�ÛHæ�O�ÞbÞÇÞ �.P(äBå§V�ÜPÜ��Cã)Ü�å]U5Ü�U-ã)â±ã�ØTéÜ/U5Ü�J1Ü�å]U5Ü�åAã<T�äBÛHØ#ä	V�N#Ü�æ
Ø#åzã)èAâ+æ&Ü¡U5â+é�ä<Ø#å!æPäBæ«L�â<NYN#â+á-æBÞ o â+åAæ&ØCUpÜ�ÛeäBåVâ<J1Ü�ÛHäBã)â+Û½£ ¦±â+åzã)èAÜ�Upâ+é�ä<ØTåAæ

D
Ï
,...,D � á-Ø#ã)è�ÛMÜ�æ&Ú$N#ãnØTåã)èAÜ?U5â+éäBØ#å

D
ß

�.���5þ����*��í��)ý � ú 0��2ú � �`
 � ú���í&��ý�û�ýVí �7ô�ú ó-ú óNô�íL�½1`� ú 0�û�
���0x�)ýVíÁ�7ô�ú ó�ú óNô�í$�9û�
9� ���CímíL��
���� � ó:��8j8�íSô�ú��.��� íîÿpíÁ�Pô�ú ó
ú ó(ô�í � ���îíAû�Mý�û+ô��þ��8�ú ì 8ü��� ì ý�úÇí��îí � úP� ë 
��Sú 0�í�� ��û��îí9¨û�� 8 ì ý��?ú 0�íQ�£í ��ì �µý�í��£ú¨ûw
 � í£ý�û�ý=E�íÁ�7ô�ú órú óNô�í � ÿ(8ü�)ý9íMø�ô�û � í ì ý�8�û�ý ��ì � úÇíSý<8 ì í �+ì ý�£í��Hý ì ú ì ûµý � ÿT� � ô�û ì ý�úÇí��mû�
�ú ì ýW�P� 
 �j:�- ÿU�w;7� :�3��



ñBÆPOBÆ§ºSósÒCÊsÔ º�Ò�Ìj¸ Ë�Ó5ÉeÌ&/�Ìj¸*º�Ò�Ì�ÊsÍ Ê1/Ò+ÉeÌ�Ê Ï�È1ÓG¸7Ì&/�Ìj¸*º�Ò�Ì�ÊsÍ-Ï Õ+ö

op [D
Ï
,...,D � ] -> D

qfÜsá-â+Ú$NYUûN#ØYÕ�Üsã)âVÜ��Cã)Ü�å]UÓ£�¦Lã)âzã�ØTéÜMU5Ü�J1Ü�å]U5Ü�åAãpã)Ü�ÛHéæ
â<L�ã�è!Üsæ&ä<é�Üsãy\�J1Ü�Þ.Ô5Ü�ãG� Ï�� ËnË�Ë � � � V�Üsã�Ü�é[J1â+ÛHä	N
T�ä<Û2Ø#ä+V�N#Ü�æeØTå-ã�è!â+æ&Ü?Upâ+é�ä<ØTåAæ�OBØ�Þ Ü�Þ O

a
Ï
: TD_Term[D

Ï
],..., a � : TD_Term[D � ]

qfÜ6UpÜ�ç1å!Ürã)èAÜmÜ��Cã)Ü�åAæ&ØTâ+åsâ<L<£ ¦	O(U5Ü�åAâ+ã)Ü�U.äBæ ���<O(ä<æpã)èAÜmâ<J1Ü�ÛHäBã�â+ÛÜJ1ÛMâ<U5Ú$P(ØTåAÙ�äBæpÛ2Ü�æ&Ú$N#ã<äPã)Ø#éÜ«U5Ü�J1Ü�å]U5Ü�åAã
ã)Ü�ÛHé �má-Ø#ã)è5U5â+éäBØ#å

D
� Ø�Þ Ü�Þ

a: TD_Term[D]
�jOKä<æ½L�â<NYN#â+á-æBß

���
(a

Ï
,...a � ) : a(t) = op(a

Ï
(t),...,a � (t)).

õ-Ü�åQP(Ü�ã)èAÜ�Û2Ü�æ&Ú$NTã�â<L?ã)èAÜ�ä	J$J$N#ØYPNä<ã)Ø#â+å\â<L ���VØ#æ9æ&ã�ØYNCNpä®L�Ú1åQP(ã)Ø#â+å¢L�Û2â+édã)Ø#é�ÜLã)â�ã�è!Ü®U5â+é�ä<Ø#åWù OAäBå]Uiã)èAØ#æ
L�Ú1åQP(ã)Ø#â+åzèAäBæPØTå�Ü�T�Ü�Û�\�Ø#åAæ&ã)äBåAã1ã)èAÜ¡T�ä	N#Ú1Üoâ<Lpã)èAÜRä+J$J$NTØYP(äBã)Ø#â+åVâ<L5ã�è!ÜRâ<J1Ü�Û2ä<ã)â+Û½£ ¦�ä<é�â+åAÙ-ã)èAÜ�T!ä	N#Ú1Ü�æmâ<L
ã)èAÜPäBÛMÙ�Ú1é�Ü�åAã)æ�Ø#åLã)èAäBã+Ø#åAæ&ã)ä<å!ã«Þ=qfÜ«P(â+å!æ&ØYU5Ü�Û�ã)èAØ#æ�ã�è!Ü7åAäBã)Ú1ÛHä	NBÜ��<ã�Ü�å!æ&Ø#â+åLâ<L9£�¦
äBå]U.á.Ü7ä<æ&æ&ØTÙ�å�ã)â ���Rã)èAÜ
æ&äBéÜsåAäBéÜ�ä<æ/£�¦nÞ5×�â+ÛPÜ��CäBéWJ$NTÜ±á-ÜsèAä	T�ÜMUpÜ�ç1å!Ü�Ufã�è!Üsæ&Ú1éÎL�â+Ûmã)Ü�éWJ1â+ÛHä	NÜU5Ü�J1Ü�å]U5Ü�å!ãpÛMÜ�ä	NAåAÚ1é[V�Ü�ÛHæ
� â+Û�äRæ&Ú$V�æ&Ü�ãAã)èAÜ�ÛMÜ�â<Lj�yO�æ&Ú$P(è.ä¡R9ä<åQUS�Aß

+(x,y)(t) : real = x(t)+y(t)
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AND(A,B)(t) : bool = A(t) AND B(t)
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JUDGEMENT + HAS_TYPE
[TD_Term[int],TD_Term[int] -> TD_Term[int]]

À��j�Mù þW�$(F� Ú àiØ#æRä�æ&ã�äBã)Ü�éÜ�åAã�ã�è!ä<ã�ã�è!Ü�Ú1æ&Ü�Û7ØTæRÛMÜ���Ú1Ø#Û2Ü�Uiã)â[J1ÛMâ<T�Ü � J1â+æ&æ&ØYV�NY\á.Ø#ã�èiã)èAÜ�æ&Ú$J$J1â+ÛHã�â<L
I��/�±Ø#ã)æ&Ü�NYLy�nä<åQUzØ#æ$Ú1æ&Ü�U[V�\®I��/� U5Ú1ÛHØ#å!Ù�ãX\�J1ÜpPNèAÜ�P�Õ�Ø#åAÙ�Þ

2�i+eWf4Ø�4�d+hE��fGi�4�d	ÙjØ�4L9
^5Ü�æ&ØYU5Ü�ærÚ1æ&Ú1ä	N9Upâ+é�ä<ØTåVâ<J1Ü�ÛHäBã�â+Û2æ�O�àGð½� ´ ØTåAã)Û2â<U5Ú$PNÜ�æræ&Ü�T�Ü�ÛHä	N�ã�Ü�é[J1â+ÛHä	N�â<J1Ü�Û2ä<ã)â+ÛHæBÞ�à5èAÜ�V�ä<æ&ØYPPã�Ü�é[J1â<�
ÛHä	Npâ<J1Ü�ÛHäBã�â+ÛoØ#æW�M©C���jË���åhàGð½� ´ �M©C���mØTæ±Ú1æ&Ü�U�ã)â\Û2Ü�L�Ü�Û7ã)âgT!ä	N#Ú1Ü�æRâ<L«T�ä<Û2Ø#ä	V9NTÜ�æRØ#å·ã)èAÜ�L�Ú1ã�Ú1ÛMÜLâ+ÛRØ#å·ã)èAÜ
J1äBæ&ã«Þ±×�â+Û�Ü��<ä<é[J$N#Ü�O5ØYL$Q Ø#æsäVàGð½� ´ J1ÛMÜ�UpØCP(äBã�Ü�O1ã)èAÜ�L�â+ÛHé�Ú$N#äiQ éÜ�äBåAæsã)èAäBãoQ èAâ<NCUpæså!â+á?O�á-è!Ü�Û2Ü�äBæ
�M©C���& ¡Q �¡¢�£ é�Ü�ä<å!æRÜ�ØTã�è!Ü�Û3Q ©C¨ ¢ �j©�¬M�`¥�¨9©��j� � ØYL½U¸Ø#æ�J1â+æ&Ø#ã)ØYT!Ü��eâ+Û+Q ¢ �j©�¬M�`¥�¨�©C�j�/��¤]£ � ØYL½UhØ#æ�å!Ü�Ù�ä<ã)ØYT�Ü��&Þ
à5èAÜ�ÛMÜ�L�â+ÛMÜ¥�M©C���& ¡Q �¡¢�£ P(äBå�V�ÜoÜ�å]PNâ<U5Ü�Uzä<æeä�J1Û2Ü�U5ØYPNä<ã)Ü � Ø�Þ Ü�Þ OBäpL�Ú1åQP(ã)Ø#â+å5L�Û2â+é ã�Ø#é�Üoã�â§V�â+â<N#Ü�äBå]�jOBÜ���Ú1ä+N+ã)â
ä9ã�Û2ä<å!æ�N#ä<ã)Ø#â+å-â<L�Q~L�â+Û ¢ ã�Ø#é�ÜoÚ1åAØ#ã)æBß

Dist(A,d) : TD_term[bool] = LAMBDA (t:time) : A(t+d)¦
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Alw(A) : bool = FORALL (tt : Time) : A(tt)
Som(A) : bool = EXISTS (tt : Time) : A(tt)
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Lasts_ee(A,dur): TD_term[bool] =
FA! (it : {it:Time | 0 < it AND it < dur}):Dist(A,it)
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Until_ee(A,B) : TD_term[bool] =
EX! pt : Futr(B,pt) AND Lasts_ee(A,pt)
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PIEnt : NONEMPTY_TYPE =
{ H | Alw(EX! l,r : UpToNow(H=l) AND NowOn(H=r))}
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PEnt(q) : NONEMPTY_TYPE =
{ PI : PIEnt | Som(UpToNow(PI=q)

AND FORALL v : Alw(UpToNow(PI=v) <=> NowOn(PI=v))}
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I?HJ¼ s>x ��v.K ³ NS����z

´ Ú1Û7ã)â+â<N�â<LAP(â+Ú1Û2æ&Ü�æ&Ú$J$J1â+Û2ã�æ9ä+NCNpâ+ã)èAÜ�Û
ÛMÚ$N#Ü�æpV�ä<æ&Ü�Uiâ+åÓJ1Û2â<J1â+æ&ØTã�Ø#â+å!ä+N5ÛMÜ�ä<æ&â+å!Ø#åAÙ�OnØTå]P�N#Ú$U5Ø#åAÙ\Ü�Þ Ù�Þ
ã)èAÜ?P(äBæ&Ü
äBåAä	NY\�æ&Ø#æ�O � Ú1æ&Ø#åAÙ

case
äBå]U

trio
�
split

æ&ã)ÛHäBã)Ü�Ù�ØTÜ�æ��&Þ
Â.��0�í<ô��îû¦û�UÃÅÄiÆ�ÿ��½0�í��îíoÃ ì � � � í2ú�û��Çû�� �*
9� � � �)ý��ÇÆ ì � �4Çû�� �`
9� �)ÿ���í��)ý � ú 0�íBô��îûNû�£û��Æ � ú��l�Sú ì ý�����îû�� ïÇûf� � 
�ô�ô�û ��ì ý��ú�� 
�í2ñ�ú 0�íQ¨û�� �`
9� � � û�Kú 0�í � íMúÈÃ,�
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d timenow

AlwF(A)

Lasts(A,d) Dist(AlwF(A),d)

×�Ø#Ù�Ú1Û2Ü
ÕAÞ Knß�ä	J$J$N#ØYPNä<ã)Ø#â+å.â<L
(merge-temp-ops)

2�#jeWip4�i+hyd+Ùyi�� ´ Ù04�d	Ùji�'�#ji�9
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U5Ü�ç1åAÜ�U�äsæ&Ü�ãnâ<L5æ&ã�Û2ä<ã)Ü�Ù�Ø#Ü�ærã)â-é�ä<å!ØYJ1Ú$N#äBã�Ü9æ&Ü���Ú1Ü�åAã)æ`P(â+å!ã�äBØ#å!Ø#åAÙ5L�â+ÛHéÚ$NTä<æmá-Ø#ã)è�ã)Ü�éWJ1â+Û2ä+N�â<J1Ü�ÛHäBã)â+ÛHæBÞ
õ-Ü�ÛMÜrá.Üræ&è!â+á ä7æ&ã)ÛHäBã�Ü�Ù�\�O�åAäBéÜ�U

(merge-temp-ops)
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I �LKpß.Êp��Ë�v0K�z H
G
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L�Ú1ã)Ú1ÛMÜ
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×�â+Û?ã)èAÜ?þ¡ð o ã)èAÜ?J1ÛMÜ�T!Ø#â+Ú1æHN#Ü�é�éä9Ü�åAæ&Ú1ÛMÜ�æ$ã�è!ÜpL�â<NYN#â+á-ØTåAÙ�J1ÛMâ<J1Ü�ÛHãX\�ß

�/Ø�4�Ø�hyhjd�4��=Ð+ln·
àwÞ��>u Ö ß�ß � x u�Ì ³ Í6Þ<x ��x�v0âAÇ � � � ��z½{ Í«Þwx ��x�vúà<Þ��>u Ö ß�ß � x(u�Ì9� � ��z
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ã)èAÜ�å-ã)èAÜ?V�ä<Û�á-ØYNYN�æ&ã)ä+\�Ø#å.ã�è!Üp���C£���� ¢ J1â+æ&Ø#ã)Ø#â+å?Þ

X�Y Z[Y � ���Å^	�e·�^af�fLz
�c·Èd�befU^a·
^5Ü�æ&ØYU5Ü�æräsæ&Ü�ãAâ<L4J1â+á.Ü�Û�L�Ú$N�æ&ã)ÛHäBã�Ü�Ù�Ø#Ü�æ�O�ã)â.æ&Ú$J$J1â+Û2ã$J1Û2â+â<LyOCá-ÜRèAä	T!Ü9Ø#é[J$N#Ü�éÜ�å!ã�Ü�U\äMJ1ÛMÜ�ã)ãy\_J1ÛHØ#å!ã�Ü�Û½L�â+Û
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J1ÛMÜ�ã�ãX\gJ1ÛHØTåAã)Ü�Û�U5â+Ü�æsåAâ+ã$é�â<UpØCLj\iä<åQ\¢I��/�ã)èAÜ�â+Û�\·â+Û9ÛMÜ�ä<æ&â+å!Ø#åAÙfä	N#Ù�â+ÛHØ#ã)èAé[OAV�Ú1ã$â+å]NY\iã)èAÜVæ&ã)ä<åQU5ä<Û�U
I��/� J1Û2Ø#åAã)Ø#åAÙLä	N#Ù�â+ÛHØ#ã)èAé ã�è!ä<ã�Ø#æ$åAâ+Û2éä	NYNY\�ä+PNã)ØYT!äBã)Ü�U5UpÚ1Û2Ø#åAÙ§J1ÛMâ+â<L�æBÞ=õ-Ü�ÛMÜ7á-Ü
ÛMÜ�J1â+ÛHã�äpL�Ü�á:Ü��<ä<é[J$N#Ü�æ
ã)èAäBãAæ&èAâ+á Ø#ã)æHL�Ú1åQP(ã)Ø#â+åAä	N#Ø#ã)Ø#Ü�æBÞ

� #0�7#0%$'®Ù0�Gic "±$4L4�i�%4ÙQÙ&#yegi
��åiã)èAØ#æRç1ÛHæ&ãXO1ã�Û2ØYT�Ø#ä+NpÜ��CäBéWJ$NTÜ�Onã�è!Ü.Ú1æ&Ü�Û
æ&è!â+Ú$NYU J1ÛMâ<T!ÜLã�è!ä<ã

alpha
OAä-ã�ØTéÜ�U5Ü�J1Ü�åQUpÜ�å!ã�J1ÛMÜ�UpØCP(äBã�Ü�O!Ø#æ

ã)Û2Ú1Üså!â+á � Ø�Þ Ü�ÞpäBã5ã�ØTéÜM�	�&Þ4��å]U5Ü�Ü�UfØ#å�ã�è!Üsâ+ÛHØ#Ù�Ø#å!ä+N1Ù�â+ä	NnØ#æ
alpha(0)

Þ1àpè!ÜMJ1Û2Ü�ã)ãX\5J1ÛHØ#å!ã�Ü�ÛrèAØYU5Ü�æ
ã)èAÜ
PNÚ1ÛHÛMÜ�åAãAã)Ø#é�Ü

(0)
O<ä<åQU�ÛMÜ�J1â+ÛHã)ærã)èAäBã

alpha
Ø#æmæ&ã�äBã)Ü�U�äBãÜPNÚ1ÛHÛMÜ�åAãAã)Ø#é�ÜRØ#åzã)èAÜ9ç1ÛHæ&ãnÛMâ+á â<L1ã�è!ÜRæ&Ü���Ú1Ü�å!ã

�
>>> AT: 0

�&ß
á-Ø#ã)èAâ+Ú1ã]J1Û2Ü�ã)ãy\§J1Û2Ø#åAã)Ü�Û á-Ø#ã)è5J1Û2Ü�ã)ãy\§J1Û2Ø#åAã)Ü�Û
EX1 : EX1 :

>>> AT: 0
|------- |-------
{1} alpha(0) {1} alpha

� #0�7#0%$'®i	c	f4h0#& "#jÙ�Ù&#yegi
×�â+Û/L�â+Û2éÚ$N#ä-æ&ã)äBã�Ü�UhåAâ+ãeäBã�ã)èAÜ®P(Ú1Û2Û2Ü�å!ã?ã�ØTéÜ�OÜV�Ú1ãeäBã�ä-Ù�ØYT�Ü�å¢U5Ø#æ&ã�äBå]PNÜ � æ&ä	\

t!1
ã�ØTéÜ.Ú1å!Ø#ã)æ����?Ø#åiã)èAÜ

L�Ú1ã)Ú1ÛMÜ7â+Û�ØTå.ã)èAÜ/J1äBæ&ãQO�ã)èAÜ/J1ÛMÜ�ã�ãX\MJ1ÛHØTåAã)Ü�Û�æ&Ú$V�æ&ã)Ø#ã�Ú1ã)Ü�æ$ã�è!Ü
Ü���J$N#ØCP(Ø#ã�ã)Ø#éÜ/T�ä	N#Ú1Ü7Ø#å�ã�è!Ü/L�â+ÛHé�Ú$N#äoá-Ø#ã)è-ã)èAÜ
J1ÛMâ<J1Ü�ÛAù±Ø#æ&ã!â<J1Ü�ÛHäBã�â+Û�ß

á-Ø#ã)èAâ+Ú1ã]J1Û2Ü�ã)ãy\§J1Û2Ø#åAã)Ü�Û á-Ø#ã)è5J1Û2Ü�ã)ãy\§J1Û2Ø#åAã)Ü�Û
EX1 : EX1 :

>>> AT: 0
|------- |-------
{1} alpha(t!1) {1} Dist(alpha,t!1)
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��þ����ý=
��Ç��í�� ÿ�í:� �"� ÿ
t!1
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EX1 : EX1 :

>>> AT: t!1

{-1} UpToNow(gate = closed)(t!1) {-1} UpToNow(gate == closed )

{-2} up(t!1) {-2} up

{-3} Lasts_ee(NOT down,pt!1)(t!1) {-3} Lasts_ee(NOT down, pt!1)

|------- |-------

{1} gate(t!1 + pt!1) = open {1} Dist(gate == open,pt!1)
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q

TC: m t1 + mt2 = mt
Mt1 + Mt2 = Mt

EF: t1 ∉ Dom( λ )
λ (t2) = t

p1 p2

t1 t2

TC: m t1 = mt2 = mt
Mt1 = Mt2 = Mt

EF: λ(t1) = t
λ (t2) = t

p1 p2

t1

TC: m t ≤ mt1 ≤ Mt1 ≤ Mt
EF: λ(t1) = t

p2

t1

t2

t4

t5 [0,0]

t3

p1 pp

TC: 0 < m t2 = Mt2 =ex

mt3 = Mt3 =dx

       M t1 + Mt2 + Mt3 + Mt4 = Mt
mt1 + mt3 = mt

EF: t1 ,t2 ,t3 ,t4∉ Dom( λ )
λ (t5) = t

(a) b.Firing Times Restriction c. Transition Splitting d. Transition Sequencing e. Iteration
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t 1 t 2 t m

P

r1 r2 rn

t' 1 t' 2 t' m

P 2

v

b. Place Sequencing

TC: ∀ i 1 ≤ i≤ m m v + m t'i = m ti

M v + M t'i = M ti

EF: v ∉  Dom( λ )
∀ i 1<i ≤  m λ (t' i ) = t i

∀ i 1<i ≤ n λ (r i ) = r i

(a)

P 1

c. Place Splitting

TC: ∀ i 1 ≤ i≤ m m t'i = m ti
M t'i = M ti

EF: t 1 ∉  Dom( λ )
∀ i 1<i ≤   m λ (t' i ) = t i

∀ i 1<i ≤ n λ (r i ) = r i

P 2

q 1

v 1

d. Process Splitting

TC: ∀ i 1 ≤ i≤ m m v + m t'i = m ti

M v + M t'i = M ti

∀ i 1Ši ≤ s   m vi = m v M vi = M v

EF: v i ∉  Dom( λ ) ∀ i1<i ≤ m λ (t' i ) = t i

∀ i 1<i ≤  n λ (r i ) = r i
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p 1 p s
....

....

....

r1 r2 rn r1 r2 rn

t' 1 t' 2 t' m

r1 r2 rn

t' 1 t' 2 t' m
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