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±�M'²�S\H_UcV³j´Mla�µ	[IMAj´MbUcVhJ\H�S\¶·UWFIa	¸�Vh¸RBEeI¹hMu¹YSTJ\V³²lB\¹`µWS\º�S\¹hSEm
J\VhMNU»SR¸\MNa%ºI[`k´UcV³²lB\¹�±�¼¾½¿a	VYHIJ+HIM�µG@CS\a	X´UlÀpÁu[9M�¹hS\JEm
V³²lBE¹�µWSTº_ST¹YSTJ\kÂ²lS\H9UWVhUcµ	U%SE¶uµW[IM�UWB\g�M�UcMlµ»SE¶�HIS´j´MbU%B\U
µW[9MLºI[`k`UWV³²lBE¹7µWS\º�S\¹hS\JTk\Q|B\H9j+µW[IML¹hVhHIX´U!SE¶CµW[IM�¹YSTJ\V³²lBE¹
µWSTº_ST¹YSTJ\kÃBEa	Mp¹hVYJT[Tµ	º9BRµ	[9U�VYH)µ	[IMÂº9[�k´UWVh²NBE¹
µWSTº_ST¹YSTJ\k\À
Áu[IM�¹YSTJ\V³²lB\¹7µWSTº_ST¹YSTJ\kÄV³U�U	BEV³jÃÅ�Æ´Ç�ÈbÉqÈPÊTË�ÌYÍ�VY¶Aµ	[IM�¶ÎBEVh¹¢m
FIa	M%SE¶7B\H�k�UcVhHIJT¹YM%º9[�k´UWVh²NBE¹<¹hVhHIX�jIS�MbU'HIS\µ
j´V³UW²lS\HIH9MN²�µ
µW[9M
¹hS\JTVh²NBE¹´µ	S\º�S\¹hS\J\kTÀÐÏoH�µW[IV³U�º9BEº�MlabQT@CM
²lS\H9UWV³j´Mla�µW[IM
¶]S\¹h¹hSR@�VYHIJÂºIaWSTeI¹hMlg�ÀÂÑ¾VY¸TMlHÒBp¹YSTJ\V³²lBE¹�µWSTº_ST¹YSTJ\kÂ@�VYµW[
¹hVYJT[Tµ	º9BRµ	[ÂMNH9j`mÓHIS´j´MNUNQÔaWSTF´µWM»µW[IM�¹hVYJT[�µWº9BEµW[9UAµWS�gLBEX\M
µW[9ML¹YSTJ\V³²lBE¹}µ	S\º�S\¹hS\J\kpUWFIa	¸`VY¸RBEe9¹YM�V¢¶uº�STU	UcVheI¹hM\ÀÖÕAµW[IMNacm
@�V³UcMTQ|j´M�µ	Mla	g�VYHIMÖB\H9j+Mlg»e�MNjÂµW[9MLg�VhHIVhg»FIg2H`FIg»e�Mla
SE¶¯B\j9j´V¢µ	VYSTH9BE¹Ô¹hVhJ\[�µWº9BEµW[9UCµ	SLB\²f[IVhMl¸TM-UWFIa	¸`VY¸RBEe9VY¹hV¢µGkTÀ
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Õ
º´µ	Vh²NBE¹AH9M�µG@CS\a	X`U�MNg�ºI¹YSRk`VhHIJ$±ÄBP¸\Ml¹hMlH9JEµW[�¼
Vh¸�V³UWVYSTH
½dFI¹YµWVhºI¹hM�Þ´VhHIJ)ß]±�¼¾½Âà�BEH9jÒ@CBP¸TMl¹hMlHIJ\µW[´mÓa	S\F´µ	VYHIJ+BEa	M
²lB\º9BEe9¹YM+SE¶áº9aWSR¸`V³j´VYH9J�¹YVhJ\[�µ	º9BRµ	[9U�µWSâ[IVYJT[IMladUWMla	¸`Vh²lM
¹³BPk\MlafUNÀ K<VhJ\[�µ	º9BRµ	[9U#B\aWMãS\º´µ	Vh²NBE¹Ä²�Vha	²lFIV¢µWmÓUW@�VYµ	²f[IMbj
º9BEµW[9U
µW[_BRµ-[9BP¸\M»µWafBEH9UWg�VhU	UcVhS\HÂa	BEµWMNU¾S\¶�BL¶]MN@4Ñ¾e�äEUlÀ
åCk�µ	[IM�F9UcM»SE¶7±�¼¾½$Q·g»FI¹YµWVhºI¹hM»¹hVYJT[Tµ	º9BRµ	[9U'gLBPk�µWafBRm
¸\MNa	UWM!µ	[IM�U	BEg�MáS\º´µ	Vh²NBE¹Ðæ9e_MNa
¹hVhHIX·Q�MbB\²f[pSTHIM»F_UcVhHIJ�B
j´VYç�MNaWMNH�µ'@CBP¸TMl¹hMlHIJ\µW[<À
^`FIa	¸�Vh¸RBEeIVh¹hV¢µGkáVhU7B¾¸TMla	k%VYg�º�S\aWµ	B\HTµ7a	MNè�FIVha	Mlg�MlH�µ�¶]S\a

[IVhJ\[´moUWº_MNMNjéSTº´µWV³²lB\¹áHIMlµG@�STaWX´UNÀêÁu[IMNaWMë[9B\UÂe_MNMlHìB
¹³BEa	J\M�B\g�S\FIH�µ�SE¶9@CS\a	X¾µW[9BEµ}¶]S´²lF9UcMbU}S\H»º9aWMlmÓB\¹Y¹hS´²lBRµ	VYH9J
e9BT²fX�F9ºp²lBEº_B\²�VYµGk�UcSLµ	[9BRµ-BEH`k�¶ÎBEVh¹YMbjd¹YVhJ\[�µ	º9BRµ	[9U'gLBPk
e�M»a	MNUcµWS\a	MNj�afBEºIV³j´¹hk�BTU'UcS`STHpB\U�HISTaWgLB\¹|S\º�MlafBRµ	VYSTH�VhU
j´V³Uca	FIº´µ	MNj�VYH�µW[IM¾Ml¸TMlH�µuSE¶|¹hVYH9XLeIaWMbBEX·À�Áu[IM-ºIaWSTº_S�UcMbj
µWMb²f[IHIV³è�FIMNU7B\aWM�²l¹hBTUWUWV¢æ_MNj�B\U�MNV¢µ	[IMla�¹YVhHIX»º9aWS\µWMN²�µWVhS\H�S\a
º9BEµW[�ºIaWS\µWMb²�µWVhS\H|Q`jIMlº�MlH9j´VhHIJ�S\H�@�[IM�µ	[IMlauµ	[IM-aWMNaWSTF´µcm
VhHIJÖSE¶7¹hVhJ\[�µWº9BEµW[9UAVhU¾j´STHIM»BEa	S\F9H9j�µW[IM»¶ÎBEVh¹YMbjd¹hVYHIX·Q�S\a
S\H$B\H$MlH9j`m�µWS\m�MNH9j�e9B\UWV³UlÀ�í7a	SEµ	MN²�µ	VYSTH�BEµ%µW[9MÖS\º´µ	Vh²NBE¹
¹³BPk\Mla�VhUC²�STH9UWVhj´MNaWMbj�µWSáe_M
¶ÎB\UcµNQ`º9B\acµ	¹Yk�e�MN²NBEF9UWMAS\¶ÔµW[IM
ºIa	SPÞ´VYg�VYµGkÖSE¶�µW[9M%S\º´µ	Vh²NBE¹<¹³BPk\MNauµWSLµ	[IM%ºI[`k´UWVh²NBE¹Ô¹³BPk\Mla
BRµ7@�[9Vh²f[�µ	[IM�¶ÎBEVh¹hFIaWM�V³U�æ9afUcµ�j´M�µ	MN²�µ	MNjÔQ`BEH_j�º9BEaWµW¹hk%e�M�m
²lB\F9UWMCS\¶9µ	[IM'²�S�BEafUcMCJ\afBEH`FI¹³BEa	V¢µGk!BEµ7@�[IVh²f[�a	MNUcµWSTa	BEµWVhS\H
V³U�j´S\HIMÖßîBRµ�µ	[IM!¹YVhJ\[�µ	º9BRµ	[�STauæ9e_MNa�¹YMN¸\MN¹³à�À
ï	ð|ñbò�ó<ô·õ�ö�÷uô<øfó|ó�ùPúbú\õ�öÎû�üGý-ò�þAúRøföÎûÐÿ��'û�ñbü��������	�pùPþPýPüGö
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±)[IMNH BEHéMl¹hMN²�µWa	S\HIV³²�UWMla	¸`Vh²lM$¹hBPkTMladV³UÂMNg»e�MNjIj´Mbj
SR¸TMla-B�±�¼
½ S\ºIµWV³²lBE¹�HIMlµG@�STaWX·Q·µ	[IMlHÄVYµ%g�BPkde�M�µW[9M
²NB\UWM%µ	[9BRµ¾µW[IM�MN¹YMb²�µWa	S\H9Vh²»¹hBPkTMla¾VYH9²lS\a	º_STa	BEµWMbU'VYµ	U-SR@�H
UWFIa	¸`VY¸RBEe9VY¹hV¢µGk�¶]F9H9²�µ	VYSTH9UlQ`µ	[IMla	Mle`kLgLBEX`VhHIJáµW[IM!STº´µWV³²lB\¹
¹³BPk\MNaLaWMb²�SR¸TMla	k�aWMbj´FIH9j9BEH�µNQ'B\H9jÃVYH�µW[IM+@�STa	Ucµ�²lBTUcMTQ
º�Mla	[9B\º9U�²�STH:99V³²�µWVhHIJ_À<;9FIacµ	[IMla	g�S\a	M\Q´@�[IMNHpB�ºI[`k´UcV³²lB\¹
¹hVhHIX$¶ÎBEVh¹³UlQCV¢µÖgLBPk�H9SEµLe_MdH9MN²�MbUWU	BEa	kÄ¶]S\aÖB\¹Y¹'µW[IMdBR¶qm
¶]Mb²�µ	MNj�¹hVYJT[Tµ	º9BRµ	[�µWafB>=Ö²¾µWSÖe�M%a	MNUcµWSTaWMbjÔÀ�Áu[`F9UNQ´µW[9Mla	M
V³U�B�²lBTUcM¾µWS�e�M%gLB\j´M¾¶]STa�aWMb²�SR¸\MNaWk�µ	SLe_M%j´STHIM!UcST¹YMN¹Yk
BEµ'µW[9M%Ml¹hMN²�µWa	S\HIV³²!¹³BPk\MlabÀCÏÓ¶¯µW[IMáMl¹hMN²�µ	aWSTHIV³²-¹hBPkTMla'@CMla	M
µ	[IM�ÏGíp¹hBPkTMlabQlµ	[IMlH»µW[IM�S\HI¹hk-aWMbèTF9VYa	Mlg�MlH�µ<¶]STa<µ	[IM�¹³BPk\MNa
µ	S�e_M%UWFIa	¸�Vh¸RBEeI¹hM-VhUCµ	[9BRµ'VYµ'e�M%²�S\H9HIMN²�µWMNj<À
½dS\µWVh¸PBEµWMbj�e�k�µ	[IMáB\e_SR¸TM\Q9@CM»²lS\H9UWVhjIMlaAVhHdµ	[IVhU
º9BEm

º�Mla7µW[IM'MNg»e�MNjIjIVYHIJ!S\¶·B\HLMl¹hMN²�µWa	S\HIV³²C¹hBPkTMla¯S\HLB-ºI[`k´Ucm
V³²lB\¹�±�¼¾½¿H9M�µG@CS\a	X�UWF9²f[$µ	[9BRµ�µW[IM�Ml¹hMN²�µWa	S\HIV³²Ö¹³BPk\MNa
H9M�µG@CS\a	XÖVhU¾²�STHIHIMb²�µWMbj�@�[IMlHpB�UcVhHIJ\¹hM%¹hVYH9X�¶ÎB\VY¹³UlÀ'Áu[9M
²lS\HIH9MN²�µ	VY¸`VYµGk$BRµ»µ	[IM�Ml¹hMN²�µWa	S\HIV³²Ö¹³BPk\MNa»V³U»a	MlºIa	MNUWMlH�µ	MNj
e`k�µW[9M+Ì@?�A\É*B	ÊEÌ�C�?�DE?EÌ@?�AGFRÀÒÁu[9M�¹hS\JTVh²NBE¹7µ	S\º�S\¹hS\JTk�V³U�B
µ	S\º�S\¹hS\JTk
@�[IV³²f[�[9B\U}B\U}VYµ	U}HIS´j´MNUÐµ	[IM�UcMlµ}S\¶9Ml¹hMN²�µWa	S\HIV³²
H9S`jIMNUNÀ|Áu[IM7Mbj´J\MbUÔSE¶�µW[IM�¹YSTJ\V³²lBE¹Pµ	S\º�S\¹hS\JTk
²�STaWa	MNUWº�S\H9j
µ	S'µ	[IMCUWM�µ�SE¶I¹hVhJ\[�µWº9BEµW[9UÐµ	[9BRµ¯BEa	M7MNUcµ	B\eI¹hVhUW[IMNj»SR¸\MNa<µW[9M
º9[�k´UWVh²NBE¹�µWSTº_ST¹YSTJ\kTÀ
nAU�g�MlH�µWVhS\H9MNjÖB\e_SR¸TM\Q\gáFI¹YµWVhºI¹YM¾¹hVYJT[Tµ	º9BRµ	[9U7gLBPk�e�M

a	S\FIµWMNjÂSR¸\MNaAµ	[IMLUWB\g�M�ºI[`k´UcV³²lB\¹�¹YVhHIX·Q|BEH_jpµ	[IMla	M�¶]STaWMTQ
VYµ�V³U�º_S�UWUWVheI¹YMÂ¶]S\a�BÒUWVYHIJT¹YM+ºI[`k´UcV³²lB\¹
¹hVYH9Xë¶ÎB\VY¹hFIa	Mpµ	S
e9aWMbBEX�g�STaWM!µ	[9BEHdSTHIM»Mbj´J\M»S\H�µW[9M»¹hS\J\V³²lB\¹ÔµWSTº_ST¹YSTJ\kTÀ
^´VYH9²lM%UcF9aW¸`Vh¸PB\eIVh¹YVYµGk�BRµ�µ	[IM%¹hS\JTVh²NBE¹·µWSTº_ST¹YSTJ\k�jIMlº�MlH9jIU
STH!µW[9MuBP¸RB\VY¹³BEeIVh¹hV¢µGk-SE¶_g»FI¹YµWVhºI¹hMCa	S\FIµWMNUÐe�M�µG@CMlMlHáHIS´j´MNU
BEµ!µW[IML¹hS\JTVh²NBE¹¯¹³BPk\MNaNQ<VYµ»V³U%²�¹hMNB\a!µW[_BRµ!µW[9Mla	MLg»F9Ucµ»e�M
UWS\g�M¾BEg�S\FIH�µuSE¶�²�S`S\afj´VhH9BRµ	VYSTHÖe_MlµG@�MNMlH�µW[IM
µG@CSá¹³BPk�m
MNa	U�V¢¶}UcFIa	¸`VY¸RB\eIVY¹hVYµGká[9BTU7µ	Sáe�M
BT²f[IVhMl¸\MbjLBRµCµW[IM
¹YSTJ\V³²lB\¹
¹³BPk\MNaNÀÐÏoHLµW[9VhUCº9B\º_MNaNQ`@CM'¶]S´²�F9U�S\HÖµW[IM-j´MNUWVhJ\HÖS\¶<¹YSTJ\VYm
²NBE¹�µWSTº_ST¹YSTJ\VhMNU�µW[9BEµABEa	M%Å�Æ´Ç�ÈbÉqÈPÊTË�ÌYÍlÀ7±�M%j´M�æ_HIM!B»¹hS\J\m
V³²lB\¹|µ	S\º�S\¹hS\JTk�µWS�e_MLUWFIaW¸`Vh¸RBEeI¹hM»VY¶�µ	[IM�¶ÎBEVh¹YFIa	M�SE¶�B\H�k
UWVhHIJ\¹hM-ºI[`k`UWV³²lBE¹|¹YVhHIX�jIS�MbU�HIS\µ
j´V³UW²lS\HIHIMb²�µ�µ	[IM!¹YSTJ\V³²lB\¹
µ	S\º�S\¹hS\JTk\Àã^`FIa	¸`VY¸RB\eI¹YM+¹YSTJ\V³²lB\¹'µWSTº_ST¹YSTJ\kÃj´MNUWVhJ\H)HIS\µ
STHI¹hk»VhH�¸TS\¹h¸\MbU|µ	[IMAj´MlµWMNaWg�VhH9BRµ	VYSTH�S\¶·µW[IM'¹hS\JTVh²NBE¹´Mbj´J\MbU
e9F´µ�S\H�µW[IM-Mlgáe_MbjIj´VhHIJ�SE¶ÐµW[IS�UcM-MNjIJ\MNUCSTHÖµW[9M!ºI[`k`UWVYm
²NBE¹·µ	S\º�S\¹hS\J\kTQ`VîÀ M\ÀhQ´µW[9M!aWSTF´µWVhHIJ�SE¶ÐµW[IM!¹hVYJT[�µWº9BEµW[9UNÀ
Áu[IMNaWM![9BTU�e�MlMlH+UcSTg�M!a	MN²lMlH�µAa	MNUWMNB\a	²f[�VYHdµ	[IM»UWFIaWm

¸`Vh¸RBEeI¹hM�j´MbUcVhJ\H!S\¶I¹YSTJ\V³²lBE¹EµWS\º�S\¹hS\JTVYMbUlÀ|ÏoHIHKJML�Qbµ	[IM�ºIa	S\eIm
¹hMlg SE¶-Mlgáe_MbjIj´VhHIJ$¹YVhJ\[�µ	º9BRµ	[9ULUcF_²f[ëµ	[9BRµLµ	[IMpg�VhHIV¢m
gáFIg H�F9g»e�Mla�S\¶»UcSTFIaf²�M�moj´MbUGµ	VYH9BEµWVhS\Hâº9BEVhafU�BEa	Mpj´V³UGm
²lS\HIH9MN²�µ	MNjpBEµAµ	[IM»¹hS\JTVh²NBE¹|¹³BPk\MNaA@uB\U
²�S\H_UcV³j´Mla	MNj<Q�B\H9j
UWS\g�M�S\º´µ	VYg�V NNBRµ	VYSTH%[IMNFIaWV³UcµWV³²lUÐ@�MNaWM�ºIaWMbUcMNH�µWMNj<À|ÏoHOH PQL



BEH_j H � L�QEB
UcVhg�VY¹³BEaÐºIaWSTeI¹hMlg @CBTU|²�STH9UWVhj´MNaWMbj!BEH9j»UcSTg�M
²�STH9j´VYµWVhS\H9UÐ¶]STa|µ	[IM�UcFIa	¸`VY¸RB\eIVY¹hVYµGk¾S\¶_B
¹YSTJ\V³²lBE¹TµWSTº_ST¹YSTJ\k
@CMla	MLºIaWMbUcMNH�µWMNj<À�ÏoH�µW[IS�UcMÖµW[Ia	MlMLº9B\º_MNa	UNQ<µ	[IMÖºI[`k´UWV¢m
²lB\¹9µ	S\º�S\¹hS\JTk»@uB\U�BTUWUWFIg�MNjLµWS%e�M¾B\H�BEa	eIVYµWafBEa	k%g�MNUW[<À
ÏoH�µW[IV³U�º9B\º_MNaNQ`@CM-²lS\H9UWV³j´Mla�BáºI[`k`UWV³²lBE¹Ôa	VhHIJáH9M�µG@CS\a	X�À
��VhHIJ!HIMlµG@�STaWX´U�BEa	MuVYg�º�S\aWµ	BEH�µ¯e�MN²lB\F9UWMuµW[IM�ºIa	Ml¸RB\¹YMNHTµ
µWSTº_ST¹YSTJ\k-¶]STa�^9Õ�����Á�V³U}µW[IM�a	VYH9J9ÀÐn
U�µW[9MNUWMCH9M�µG@CS\a	X`U
BEa	M»F9ºIJ\afB\j´Mbj�µWS�±�¼¾½$QÔV¢µ-V³U
¹hVhX\Ml¹hk�µW[9BEµ-µW[IMáµWSTº_ST¹¢m
S\JTkÖ@�Vh¹Y¹<e�M%gLBEVhH�µ	B\VYHIMbjÖ¶]STaAUWS\g�M¾µWVhg�M»e_Ml¶]S\a	M!J\a	SR@um
VhHIJ�VhH�µWSdB�g�MbUc[�HIMlµG@�STaWX·Àá^`Mb²�STH9j´¹hk\Q·µW[9M�UWVhg�º9¹YV³²�VYµGk
SE¶
µW[IM�µ	S\º�S\¹hS\JTk$MlH9B\eI¹YMbU�F9U�µ	S+µfBEXTM�BÄj´MNMlº�MlaL¹hS`S\X
VhHTµ	S�µW[IM%²lS\g�ºI¹hM�Þ´V¢µGk�SE¶}µW[IM!ºIa	S\e9¹YMNg�À
ÏoHpµW[9MáHIMlÞ`µ-UWMN²�µWVhS\H<Q·@CM»¶]STaWgLBE¹h¹hk�Ucµ	BEµWM»µW[IM�ºIa	S\e´m

¹hMlg�@CM�BRµWµWMNg�ºIµ�µ	S+UWS\¹h¸\M�VYHÒµW[IV³U»º_BEº�MlabÀ$^´S\g�M�VhH´m
UWVYJT[Tµ�VhHTµ	SÒµ	[IM$²�STg�º9¹YMlÞ`VYµGk)SE¶áµW[IMÄºIa	S\e9¹YMNg VhU�ºIa	M�m
UWMlH�µWMbj$VYHâ^`MN²�µWVhS\H � ÀÂ±�M�ºIa	MNUWMlH�µ�Bp[IMlFIa	V³UGµ	Vh²�BE¹hJ\SEm
a	V¢µ	[Ig e9B\UWMNjÂS\H�Uc[ISTacµ	MNUcµ
º9BEµW[+aWSTF´µWVhHIJ�VYHÄ^`MN²�µWVhS\H��
BEH_jÖS\eIµ	BEVhH�UWS\g�M¾H`FIg�Mla	Vh²NBE¹·aWMbUcF9¹¢µfUlÀ7Z�S\H9²l¹YF_j´VYH9Jáa	M�m
gLBEa	X´U�VhHp^`MN²�µWVhS\H
	�²�STg�º9¹YMlµWM-µW[9M!º9BEº�MlabÀ
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Z�S\H_UcV³j´Mla#B ¹YSTJ\V³²lBE¹�µ	S\º�S\¹hS\JTk UW[ISR@�H ;ÐVhJ\F9aWM J�ßÎBTà
²�STaWa	MNUWº�S\H9j´VhHIJ)µ	SéB#²lS\HIHIMb²�µ	VYSTHãa	MNè�FIMNUcµ�UWM�µ����
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µWSÄe�MdMlgáe_MbjIj´MNjâSR¸TMlaLB�±�¼
½ a	VYHIJÄHIMlµG@�STaWX$@�VYµW[
UWV¢Þ�HIS´j´MbUlÀ ;ÐVhJ\F9aWM JTßÎe´mÓ²bà�UW[ISR@ µ	[IMÄºI[`k`UWV³²lBE¹¾a	VYHIJ
µWSTº_ST¹YSTJ\kÖB\H9j�µG@�SLj´VYç�MNaWMNH�µ'¹YVhJ\[�µWº_BRµW[_U�B\U	UcVhJ\HIg�MNHTµfUlQ
VhH @�[9Vh²f[ µW[9M$¹YSTJ\V³²lBE¹-µ	S\º�S\¹hS\JTk�gLBEVhHTµfBEVhH9U�VYµ	Up²lS\H´m
HIMb²�µWVh¸`V¢µGkìVYH µ	[IM)ºIa	MNUWMlH9²lMÃSE¶dBEH`kìUWVYH9J\¹hMâº9[�k´UWVh²NBE¹
¹hVYHIX�¶ÎBEVh¹YF9aWM!@�[IMNH�µW[IM!¹hVYJT[�µWº9BEµW[dUcMlµWFIº�V³U'j´STHIM!F9UWVYHIJ
µW[9M»a	S\F´µ	MNU'UW[ISR@�HdVhHÒß]e_à�QÔBEH9j�VYµ¾j´S`MbU'HIS\µ
@�[IMNH�µW[IM
UWM�µWF9º�V³U�j´STHIM¾F9UcVhHIJ»µW[IM¾aWSTF´µWMbU7VhH+ßî²Nà�BEH9j�@�[IMlHÖ¹hVhHIX
ß �!�MJPà7¶ÎB\VY¹³UNÀ
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Mlgáe_MbjIj´VhHIJ9Q_BEH9j�ßÎ²bàuB�HIS\H´moUWFIaW¸`Vh¸RBEeI¹hM
MNg»e�MNjIjIVYHIJ_À

Z�S\H9UWVhjIMla'BEH9SEµW[9Mla�M�ÞIB\g�º9¹YM!UW[ISR@�H�VhH ;}VYJTFIaWM PIQ´VYH
@�[IV³²f[�µW[IM'¹hS\JTVh²NBE¹`µ	S\º�S\¹hS\J\k»VYHdßÎB�à}[9B\U�BEH�MNj´JTM�mo²�F´µ7S\¶
UWV@NNM¯µG@�S �+* O � * i '
ßqµ	[IMNUWM7µG@CS�¹YSTJ\V³²lB\¹\MNjIJ\MNU|²�S\a	a	MNUWº_STH9jµWSÖµW[IM»µG@�S�²lS\HIH9MN²�µ	VYSTHdaWMbè�FIMNUcµ	Uáß ,-�$.�à'BEH9j$ß�/0�"1`àABTUGm
UWFIg�VYHIJ�HIS´j´MbU�,-�$/0�$.PQÔB\H9j�1�BEa	M»¹hS´²lBEµWMNjÂVYHÂµW[IM�a	VYHIJ
VhHÄµW[IV³UáUWMNè�FIMNH9²�MPà�Àdn'H`k�aWSTF´µWMÖBTUWUWVhJ\HIg�MlH�µ%S\¶u¹hVhJ\[�µcm
º9BEµW[9U7²lS\a	aWMbUcº�S\H_j´VYH9JAµ	S¾¹hS\JTVh²NBE¹´¹hVYH9X`U�ß�,-�$.�à�B\H9j�ß /0�$1�à
BE¹h@uBPk`UCUW[9BEa	M!Báº9[�k´UWVh²NBE¹·¹hVYHIX·Q9B\H9j�µW[IM!¹hS\JTVh²NBE¹�µWSTº_ST¹¢m
S\JTk�e_Mb²�S\g�MbU
j´V³U	²�S\H9HIMN²�µWMNjÂ@�[IMlHpµW[IMLUW[9BEa	MNj�ºI[`k´UWV¢m
²lB\¹·¹YVhHIX�¶ÎBEVh¹³UlÀ7Áu[IM-BEe�SR¸\MAµG@�S�M�ÞIB\g�º9¹YMbU�¹hMNBTjIU�µWSáµW[IM
¶]S\a	g»F9¹hBEµWVhS\H�S\¶<µW[9M
¶]ST¹Y¹hSR@�VhHIJáSTº´µWVhg�V@NbBRµ	VYSTH�ºIa	S\eI¹hMlg�À
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243 Æ´Ç�ÈbÉqÈPÊTË�ÌYÍ65�?4A\É*BfÊRÌ87 ?�D ?RÌ ?4A	F:9�Í�Å�ÉKA#;=<CÇ4?TË�ÌhÍ�>
? 3 5�7-9�<A@CBAÑ¾VY¸TMlH#BÒºI[`k´UcV³²lB\¹¾±�¼¾½ aWVhHIJÒH9M�µcm
@�STaWX�@�V¢µ	[�D�HIS´j´MbUáßÎ@�[IMla	M%µ	[IM»H9S`jIM�UWM�µ¾VhU¾j´M�m
HISEµ	MNjLe`kFEG� � ���IH�H�H��"DKJ J#'Pà7B\H9jÖBáUcMlµ�SE¶}²�S\HIm
HIMN²�µWVhS\H�aWMbè�FIMNUcµ	UL�M� � ßON(�%P`àRQSN(�%PUT
EK'Öß]@�[9Mla	M
¶]S\aÃBEH`k4µG@�Sã²lS\HIH9MN²�µ	VYSTH9U ßON(�%P`à��bßONWV��%PXVqàYTZ�áQ
ßON(�%P`à\[� ßONWV �]PXVhàWà�Q¾æ9H9j BÒa	S\FIµWMp¶]STa�MNB\²f[#¹YVhJ\[�µWm
º9BRµ	[ÒßON(�%P`àRT^� UWF9²f[pµ	[9BRµ¾µW[IM�¹hS\J\V³²lB\¹<µ	S\º�S\¹hS\J\k
aWMNg�B\VYH_U}²lS\HIH9MN²�µ	MNjÔQRVY¶·º_S�UWUWVYe9¹YMTQ\BR¶qµ	Mla}µW[IMC¶ÎB\VY¹hFIa	M
SE¶CB\H`kÂUcVhHIJT¹YM�ºI[`k´UcV³²lB\¹¯¹YVhHIX·À�ÕAµW[9Mla	@�VhUWM\Q}j´M�µ	MlaWm
g�VhHIMCBEH9j-MNg»e�MNj-µ	[IM�g�VhHIVYgáFIg H`FIg»e�Mla}SE¶9BTjIj´VYm
µWVhS\H9B\¹<¹YVhJ\[�µ	º9BRµ	[9U�µ	SÖgLBEX\M-µ	[IM»¹hS\JTVh²NBE¹·µ	S\º�S\¹hS\J\k
UcFIa	¸`VY¸RB\eI¹YMTÀ

�'S\µWM
µW[9BEµ�@�[IMlH�µW[IM-J\Vh¸\MNH�¹hS\JTVh²NBE¹_µWS\º�S\¹hS\JTk�VhUCHIS\µ
²lS\HIH9MN²�µ	MNjÂS\a![9BTU¾B�²lF´µcmÓMNj´JTM\QÔµ	[IMla	M�VhU-H9S�a	S\FIµWM�B\Ucm
UWVhJ\HIg�MlH�µ%µ	[9BRµ�²lB\H$g�B\X\MLµ	[IM�¹hS\JTVh²NBE¹�µWS\º�S\¹hS\JTk+UWFIaWm
¸`Vh¸RBEeI¹hM7@�VYµW[ISTF´µ}[_BP¸�VhHIJABTjIj´VYµWVhS\H9B\¹\¹hVYJT[�µWº9BEµW[9UNÀ}^`STg�M
¹hS\JTVh²NBE¹�µ	S\º�S\¹hS\J\VhMNU!µW[9BEµ»[9BP¸\MLMbj´J\MlmÓ²lF´µ	U%SE¶'UcV NlMÖµG@�S_Q
[9SR@�MN¸\MlabQ![9BP¸TMÒa	S\F´µ	MÒB\U	UcVhJ\H9g�MNH�µ	Udµ	[9BRµÄgLBEXTM�µW[9M
¹hS\JTVh²NBE¹�µWS\º�S\¹hS\JTk�UWFIa	¸`VY¸RBEe9¹YMTQ}@�[9VY¹hM�UWS\g�M�jISÂHIS\µ�BTU
UW[ISR@�H VhHO;}VhJ\FIa	M PIÀ ±)[IMlHìµW[IMâ¹hS\J\V³²lB\¹%µ	S\º�S\¹hS\J\k
V³U�²�STg�º9¹YMlµWMl¹hk�²�STHIHIMb²�µWMbjãßÎVîÀ M\ÀhQ-Ml¸\MNaWkÃHIS´j´M�V³Ud²�S\HIm
H9MN²�µ	MNjÄµ	SpMl¸TMla	k+S\µW[IMNa»HIS´j´MPà�Q¯VYµ�V³U»B\¹Y@uBPk´U!º�STU	UcVheI¹hM
µ	SÂæ_H9jÃB�UWFIa	¸`VY¸RBEe9¹YM�Mlgáe_MbjIj´VhHIJÄe�kÒMNUcµ	BEe9¹YV³Uc[9VYHIJ_D
¹hVhJ\[�µWº9BEµW[9U7¶]aWSTg=NÐµ	S`NSa JAVhHLµ	[IM¾²l¹YS´²fX`@�V³UcMAjIVYa	MN²�µWVhS\H
¶]STab�6cdNFceD_J J�@�[IMla	MfDM�g�IÀÒÁu[IM�a	MlgLBEVhHIVhHIJ
¹hVhJ\[�µWº9BEµW[9U7g�BPkáe_M
MNUcµ	B\eI¹YV³UW[IMNj�VhHÖBEHÖB\aWeIVYµWafBEa	k%gLBEHIm
H9MlabÀÖn'H$VhHTµ	Mla	MNUcµWVhHIJdè�FIMNUcµWVhS\H�µW[9MlHÄVhU!µWSpj´MlµWMla	g�VYH9M
VhHÖº�S\¹hk`HIS\g�V³BE¹Iµ	VYg�M
@�[IM�µ	[IMla�µW[IMNaWMAM�Þ´VhUcµ	UCBEHLMNg»e�MNj`m
jIVYHIJASE¶´¹YVhJ\[�µ	º9BRµ	[9UÔ@�[IMNH!µW[IM�J\Vh¸\MlH!¹hS\JTVh²NBE¹Pµ	S\º�S\¹hS\J\k
VhU
h m�Mbj´J\M-²�STHIHIMN²�µWMbj�¶]STaABEH�BEa	eIVYµWafBEa	k h À7ÏoH�S\F9a'MNB\aWVh¹YMNa
º_BEº�Mla H �GLÓQ|@CM�UW[ISR@CMNjÂµW[9BEµ%V¢¶�¹hS\JTVh²NBE¹}µWSTº_ST¹YSTJ\k�i VhU
h m�Mbj´J\M¾²�S\H9HIMN²�µWMNjÖ¶]S\a � c h cj�9Q�µW[IMNaWM¾M�Þ´V³UGµfUuBEH�MlÞ`m
B\g�ºI¹YM¾SE¶kiéµ	[9BRµ�V³UuHISEµ'UWFIa	¸�Vh¸RBEeI¹hM\À�ÏoH�µW[9M
¶]ST¹Y¹hSR@�VhHIJ
UWMN²�µWVhS\H<QÔ@CM�²�S\H_UcV³j´Mla!B�Ucº�MN²lVhB\¹�aWSTF´µWVhHIJ9QÔH_BEg�Ml¹hkdµW[9M
UW[ISTacµ	MNUcµCº9BEµW[�a	S\F´µ	VYHIJ_QIBEH9j�ºIa	MNUWMlH�µ'UWS\g�M-aWMbUcFI¹Yµ	UuSTH
µ	[IM-ºIa	S\eI¹hMlg ²�S\g�ºI¹hM�Þ´VYµGk\À

l mon Ú»­}¬A�A«<¬ � ®¾¬ nqp ÚáÜ�¬¯Ý Ùsr

tvuxwSy{z|wS}�~�� ��� ÉqÈPÍ�; Ê0; ÊRÇlËlÉ,C�ÇWÊRÇ�FÒÅ�ÍMC ?�� B�?C;!;·Í�B��
C�É*?0; ÇWÍ(�lÆ9Í�Å�CîÅU���x�IÍlÇWÍ$Í�ÈRÍlÇ�F�; ?+�\Í
�9ÊPÅ C�?ÃËfÍ B�?C;!�
;·Í�B�CoÍ(� C�?âÊ>C�ÌYÍfÊPÅ�C��*PCDx� �0� ?GC��9Í�Ç�; ?+�\Í�Å$��CO�IÍÂÌ@?�AEÉ*BfÊRÌ
C�?�D ?RÌ ?4A	F»ÇWÍ�>LÊRÉ�;IÅ B�?C;!;·Í�BMCoÍ$�áÉ�; C��9Í!Í�ÈRÍ�; C�?��¾Ê0; F»Å�É�;!�
A\ÌYÍ D��.FPÅ�É*BfÊRÌ
Ì�É�;S�U��ÊRÉqÌ¢Æ´ÇWÍpÉ �dÍfÊ	B(�ÃÌ¢ÉKA+�:C D9Ê>CO�)É³ÅpÍ�Å�CoÊ\Ë��
Ì¢É³Å��9Í(�ÖÆ`Å�É�; A C��9Í!Å"� ?RÇ�CoÍ�Å�C�DIÊGC��dÇ4?RÆ:CoÍI�



� z0y y���� ÏoH»µW[IM�¶]S\¹h¹hSR@�VYHIJ_QP@�MCB\U	UcFIg�M�µW[9BEµADLV³U�B'g»F9¹¢m
µWVhºI¹hM%SE¶7UWV¢ÞdBEH_j�ºIaWSR¸TM¾µW[IM!µ	[IMlSTaWMNg�À�±)[IMNH
DÄVhUAHISEµ
Bág»FI¹YµWVhºI¹hM¾S\¶ÐUWV¢ÞÔQ´UcVhg�VY¹³BEauBEa	J\F9g�MNH�µ	UC²lBEH�e_M!B\ºIºI¹hVYMbj
µWS+ºIa	SR¸\M�µW[9MÖµW[9MlS\a	Mlg�Q¯BEH_jÄ@�M�S\g�V¢µáµW[IM�j´M�µfBEVh¹hU»VYH
µW[9VhU�º_BEº�MlabÀ
K<M�µUE � � ����HIH�H��"D8J JC'�e_M�µW[9MpUcMlµ�S\¶
HIS´j´MbU�VYH

µW[9MÂa	VYHIJÒHIM�µG@CS\a	X·Q'BEH9j)BTUWUWFIg�MdµW[9MÂ¹hVYJT[Tµ	º9BRµ	[9U�BEa	M
B\U	UWVYJTHIMNjâF9UWVYH9JÄµW[IMÂUW[ISTacµ	MNUcµÖº9BRµ	[)aWSTF´µWMTÀ ^`F9ºIº_S�UcM
ß �!��D8J Jbà»VhUáµ	[IM�¶ÎB\VY¹hMNjëºI[`k´UcV³²lB\¹�¹hVhHIX·ÀÒ¼AMlæ9HIM��Y�
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²�STHIHIMb²�µWVhHIJ!HIS´j´M�N|µ	[9BRµ�B\aWM�H9SEµ�F9UWVhHIJ!¹YVhHIX�ß �!��D`J JPà�À
±�M-µW[IMNH�STe9UWMla	¸\M
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^`FIºIº�STUWMâµW[IM)¹hS\JTVh²NBE¹�µWSTº_ST¹YSTJ\kée�MN²�STg�MNUÄj´V³UW²lS\H´m
HIMb²�µWMbjÒBE¶qµWMlaáµW[9M�¶ÎB\VY¹hFIa	M�SE¶
¹YVhHIX�ß �!��D_J JPà�Q�B\H9j$¹hM�µ� jIMlHIS\µWM�µW[IMdUWg�B\¹Y¹hMNUcµ�²lS\g�º�S\HIMNHTµdß]V�À M\ÀhQ�B�²�S\g�º�SEm
HIMNHTµÄ@�VYµW[ìµW[IMâg�VYHIVhg»F9g H`FIg»e�Mla�SE¶�H9S`jIMNUfàÂ²lS\H´m
HIMb²�µWMbjÒ¸`V³BÂ¹hS\JTVh²NBE¹C¹YVhHIX´ULBR¶qµ	Mla�µW[9M�¶ÎB\VY¹hFIa	M�SE¶AºI[`k´UWV¢m
²lB\¹<¹hVYHIXÄß �!��DsJ Jbà�À'Z�¹hMNBEa	¹hk\QxQ � Q�c4Dx�	P´Q9B\H9j�B\U	UcF9g�M
µW[_BRµ���� � [���´À!K<Mlµ��
j´MlHIS\µWMáµW[IM�¹³BEa	J\MbUGµAVhH9j´MlÞpVYH��� � ÀLK<Mlµ���V�j´MlHIS\µWM�µW[9MÖUcgLBE¹h¹hMNUcµ¾VhH9j´MlÞ+VhH_��� �
VY¶L��� � [� �IQÐBEH_j���V�VhU%HISEµájIM�æ9HIMbj�V¢¶ �!� � � �´À
nAU	UWFIg�MC@�VYµW[9S\F´µ7¹hSTU	U�SE¶�J\MlH9MlafBE¹hV¢µGk-µ	[9BRµ�µW[9M'j´VhUcµ	B\H9²�M
¶]a	S\g HIS´j´M �ÖµWS"��VhU
HIS�¹hMNU	U�µ	[9BEHÂµW[IM�j´V³UGµfBEH9²lM%¶]a	S\g
HIS´j´M DLJ�J¯µWS#� V ß]V�À MTÀYQ$� � DLJ�� V J�Jbà�À|ÏoH!µ	[IMC¶]S\¹h¹YSR@�VhHIJ9Q
@CMá²�STH9UWVhj´MNaA¶]STFIa-²lB\UWMNU'¶]S\a
µW[IM�¸RBE¹hFIM�SE¶%�AB\H9jpUW[ISR@
µW[9Mu²lS\H�µWafB\jIVh²�µWVhS\H!µ	SAµ	[IMuM�Þ´VhUcµWMNH9²�MuS\¶ � VhHáMbB\²f[»²NB\UWM\À
& ÊRÅ�Í�'#B(� c � ) J J\À
ÏoH�µW[9VhU�²lB\UWM\QEµW[IMAjIVhUcµ	B\H9²�M�VhH�µW[IMA²l¹YS´²fX`@�V³UcMC¶]a	S\g��µWS*��V'V³U�¹³BEa	J\MNa�µW[9B\H\Dx�GPIQ�BEH9j �,+ � ßÎVîÀ M\ÀhQ
�-� � �.�IÀ à ^`VhH9²�M���V³U�µW[IMd¹³BEa	J\MbUGµ�VhH9j´M�ÞâVYH��� � QIVYµ�VYg�ºI¹hVYMbU�µW[9BEµ`Q � Q&c*�-a JTQ´[IMlH9²lM\Q´HIS´j´M��²NBEH#S\HI¹hk)e_MÄ²�STHIHIMb²�µWMbj)µ	SâBEµ�g�STUcµ��ÖSEµ	[IMla
HIS´j´MbU¾VYH � À�?ASR@�MN¸\MNaNQ�e`kdµW[IMLj´Mlæ9HIVYµWVhS\H�SE¶ 	0/ Q
HIS´j´M��7gáF9UGµue�M-²lS\HIH9MN²�µ	MNj�BRµu¹YMbB\Ucµ � �Ra���HIS´j´MNU
B\¹Y¹ÔVhH � Q9B�²�S\H�µ	a	BTj´Vh²�µWVhS\H<À& ÊRÅ�Í21XB(� � � 3 À
åCkÄµW[9M�jIM�æ9HIVYµWVhS\HâSE¶ 	0/ Q�HIS´j´M4�»g»F_UGµ�e_Md²lS\H´mHIMb²�µ	MNjLµ	S�BEµ�¹hMNBTUGµ � � a5�Aß]V�À MTÀYQIBEµ�¹hMNBTUGµ � i à�HIS´j´MNUVhH � À7?'SR@CMl¸\MNaNQ Q � QScjDx�GP´QIB�²lS\H�µWafB\j´V³²�µ	VYSTH<À

& ÊRÅlÍ76XB8�) c*� c9�3KJ PIÀ
;IS\a�B\H�kLH9S`jIM N�T � �o�áQ´@CM¾µW[IMNH�[9BP¸\M�DUJ���J
JFcMN�c � i a:��À�ß�^`MlM�;}VYJTFIa	M � ¶]S\a!²�¹³BEa	VYæ_²lBEµWVhS\H
@�[IMlHKP �;��À�à�Áu[IV³U�µ	[IMlH�VYg�ºI¹hVhMNU�µW[9BEµ Q � � � QXc
P<� J � i a P´Q�@�[IVh²f[dV³UKQ � �s� Q{c � �FJ P´À'åCk�µW[9M
j´M�æ9H9V¢µ	VYSTH�S\¶ 	0/ QÐHIS´j´M=�¾g»F9Ucµ%e_M�²�S\H9HIMN²�µWMNj+µ	S
BRµá¹hMNBTUGµ��ka � ��H9S`jIMNUáVYH � Q7@�[IMla	M�H9S`jIM>�%²lB\H
e_M¾²�S\H9HIMN²�µWMNj�µ	SáBEµ�g�STUcµ � � J P!HIS´j´MNU�VYH � � �áÀ
Áu[IMla	M�¶]STaWMTQlHIS´j´M%�ÔgáF9Ucµ|e_M�²�S\H9HIMN²�µWMNj¾µ	SABRµÐ¹YMbB\Ucµ��a PuH9S`jIMNUÐVYH � �?�'QEB\H9j-µ	[IVhU}V³U|Vhg�º_S�UWUWVheI¹YMCUcVhH9²lM
Q � �4� QSc*� a J\À

& ÊRÅlÍ#@-BA� � � 3 J J\À
^`VYH_²�M_D�J!��J J:c N^cB� i aC�L¶]STa�B\H`kâH9S`jIM
N T � ����Q Q � �
� QAcD�� ÀÖn'JTB\VYH|Q|e`kdµW[9MÖj´M�æIm
HIV¢µ	VYSTH�SE¶ 	 / Q7H9S`jIM"�!gáF9UGµ�e�M�²lS\HIHIMb²�µ	MNj$µ	S+BEµ
¹YMbB\UcµE� aD�� HIS´j´MbUdVYH � À Áu[IMla	M�¶]STaWMTQ!HIS´j´MF�
ß]V�À MTÀYQ¾HIS´j´M � 3 JOJbà�g»F_UGµ�e_M$²lS\HIHIMb²�µ	MNj)µ	SâB\¹Y¹
SE¶LµW[9M � � H9S`jIMNU�VYH � �4� BEH9jìBE¹h¹áS\¶ÖHIS´j´MNU
VYH � ���$J#�IH�H�H�� � 3 J PS'�À Z�S\H9UWMNè�FIMNHTµ	¹YkTQA@CMÂ[9BP¸TM� � � �!�MJ#�IH�HIH�� � 3 J JC'HG � i �3 � i �3 a J#��HIH�H���I �� J J#'
ß]V�À MTÀYQ Q � Q � � i à�À#Z�¹hMNB\aW¹hk\QCBEH`k$HIS´j´MdVhH � ²lB\H
S\HI¹hkáe�M-²�S\H9HIMN²�µWMNj�µ	S»HIS´j´MbU�VhH � Q´BEH_jÖ²�STH9UcV³j´MNa
HIS´j´M P � i �3 @�[IV³²f[�V³U�VhH � �o��À7n'J�BEVhH<Q´e`kÖµW[9M
j´M�æ9H9V¢µ	VYSTHÂSE¶ 	KJ QÔHIS´j´M`P�g»F9Ucµ!e_ML²�STHIHIMb²�µWMbjdµ	S
BRµ¯¹YMbB\Ucµ � i J JuHIS´j´MNU�Vhg�ºI¹hk�VhHIJ¾µW[_BRµ7HIS´j´M P-gáF9Ucµ
e_M�²lS\HIH9MN²�µ	MNj+µWS+BE¹h¹7HIS´j´MNU�ß]M�ÞI²lMlº´µ�PÂVYµ	UWMl¹Y¶	à!VhH� ÀÂ?'SR@CMl¸TMlabQ|µ	[IVhUáV³U%Vhg�º�STU	UWVYeI¹hM�UWVhH9²�M�HIS´j´MU�IQ
¶]S\aLM�ÞIB\g�º9¹YMTQu²NBEHIH9SEµÖe�MÂ²�STHIHIMN²�µWMbjÒµ	S�HIS´j´MUP
@�V¢µ	[IS\F´µuF9UWVYH9J»¹hVYHIXpß����"DbJ JPà7UWVYH9²lMAµ	[IM-Uc[ISTacµ	MNUcµ
aWSTF´µWM-g»F_UGµ�e�M%BEºIºI¹hVhMNjÔÀ

Áu[9VhU�²lS\g�ºI¹hM�µWMbUCµW[IM!º9aWS`SE¶}SE¶}µW[IM-µ	[IMlSTaWMNg�À

Áu[IM¾aWMbUcF9¹¢µ�VhH�Áu[IMNS\a	Mlg � À@J¾Uc[ISR@'U�µ	[9BRµuµW[9M-UW[ISTacµWm
MbUGµ%º_BRµW[$a	S\FIµWVhHIJ�J\F9B\a	B\HTµ	MlMbU¾µW[IML¹hS\JTVh²NBE¹¯µ	S\º�S\¹hS\J\kML U
UWFIa	¸`VY¸RBEe9VY¹hV¢µGk�V¢¶7VYµ	U
g�VYH9VYgáFIg j´MlJTaWMNMÖß]V�À MTÀYQ�µ	[IM»g�VhHIV¢m
gáFIg H`FIg»e�MlaCSE¶|H9S`jIMNU�µW[9BEµCMbB\²f[LHIS´j´M¾VhUC²�STHIHIMb²�µWMbj
µ	S�à%VhU�BRµ�¹YMbB\Ucµ_�*PCDx� �0� À�Õ
H$µ	[IM�S\µW[IMNa»[9B\H9jÔQ¯VY¶'µW[9M
g�VhHIVhg»FIg j´MNJ\a	MlMdV³UÖ¹hMNU	ULµW[_BEHONODx�GPQP�QCµW[IM�Uc[ISTacµ	MNUcµ
º_BRµW[ëaWSTF´µWVhHIJ�j´S`MNU�HISEµLBE¹h@uBPk`UáºIa	SR¸`Vhj´M�µW[IM�UWFIaW¸`Vh¸�m
B\eIVh¹YVYµGk�B\U�²NBEH�e_M%UWMlMNH�VhH�µW[IM-¶]ST¹Y¹hSR@�VhHIJ�M�ÞIBEg�ºI¹hM\À
K<Mlµ�E � � ����HIH�H��"D J J#'âe�MâµW[IM�UWM�µ$SE¶�HIS´j´MNU

VhH�µ	[IMÄaWVhHIJâHIM�µG@CS\a	XÃ@�V¢µ	[:Dãe_MNVYHIJ)B\H�Ml¸TMlH#H�F9gám
e�MlabÀ ¼
M�æ9HIM8ESR^� � PUT Q � cOT=c Dx�GPFJ JC'ÂB\H9j
E�VR� � PKT a JoQ{�UcWT_c\Dx�	PRJ JC'�À
Z�S\H9UWVhjIMla
B�²�S\HIm
H9MN²�µ	VYSTH%a	MNè�FIMNUcµÐUWM�µk� �\��R<G ��V$G � ß �!��D J Jbà�'TQb@�[IMla	M
��R � � ßON(�%P`à QIN(�%PFTsE�R+'�BEH9jv��V � � ß N$�]P`à QIN(�%P T�E�V|'TQ
B\H9j�B\U	UcFIg�M�µW[9BEµ7MNBT²f[»¹hVYJT[Tµ	º9BRµ	[áV³U�MNUcµ	B\eI¹hVhUW[IMNjáF9UWVYH9J
µ	[IM�Uc[ISTacµ	MNUcµ¾º_BRµW[�a	S\F´µ	VYHIJ_À ;Ia	S\g µ	[IV³U
MlÞIBEg�ºI¹hM\QÔ@CM
H9SEµWMÖµW[IM�¶]S\¹h¹YSR@�VhHIJ!)�ß]Vqà%µW[IM�¹YSTJ\V³²lBE¹�µWSTº_ST¹YSTJ\k+²lS\a	aWMlm
UWº�S\H9j´VhHIJ�µ	S
� V³U%²�STHIHIMN²�µWMbjÔQCßÎVYVqà-MN¸\Mla	kpHIS´j´MLVhH�E V
ßîBEH9j�E R Q�a	MNUWº_Mb²�µWVh¸\MN¹YkIà-V³U»²lS\HIH9MN²�µ	MNj�µ	SpMNBT²f[$SEµW[9Mla�X
[9MlH9²lM\QTµW[IM
g�VhHIVhg»FIg jIMlJ\a	MlM�V³UCBRµ�¹hMNBTUGµ Dx�GP J J\Q\B\H9j
ßÎVYVhVqà¯@�[IMNHÖºI[`k´UcV³²lB\¹9¹hVYHIXdß�����DbJ Jbà}¶ÎB\VY¹³UlQTµW[9MAHIS´j´MbU�VhH
E R BEa	M�²lS\g�ºI¹hM�µ	Ml¹hkÂj´V³UW²lS\HIHIMb²�µ	MNjÂ¶]aWSTg µW[9M�H9S`jIMNU!VhH
E�VRÀpÁu[9M�j´V³UW²lF9U	UcVhS\H�¶]S\a»µW[IV³UáM�ÞIBEg�ºI¹hMÖV³U%Vh¹Y¹hF9UcµWafBRµWMbj
VhH ;ÐVhJ\F9aWMR�9À

;Ia	S\g#µW[9VhU|M�ÞIBEg�ºI¹hM�BEH_j-µW[IM�aWMbUcF9¹¢µ|S\¶IÁu[IMlSTaWMNg � À@JTQ



K
n/2-1
 Graph

: V
o


: V
e
 0
 n-1


...
 ...

...
...


n-1
K
n/2-1
 Graph
 0


...


;}VYJTFIa	M��{)

@CMÖS\e9UWMla	¸\M�µ	[9BRµáµW[IM�Uc[9S\aWµWMNUcµ»º9BEµW[�a	S\FIµWVhHIJpV³UáUWVYg�m
ºI¹hM\Q´kTM�µuºIaWSR¸`V³j´VhHIJ!µW[9M¾¹hS\JTVh²NBE¹_µWSTº_ST¹YSTJ\kML UCUWFIaW¸`Vh¸RBEeIVh¹¢m
VYµGkÖ@�[IMlH�MNBT²f[�H9S`jIM¾[_B\UuB�aWV³²f[�²lS\HIH9MN²�µ	VYSTH<À¯åCF´µuµW[IM
UWFIaW¸`Vh¸RBEeIVh¹YVYµGkLV³UuHISEµ�J\F_BEafBEH�µWMNMNjL@�[IMNH�µ	[IM!g�VYH9VYgáFIg
j´MNJ\a	MlMdV³UÖ¹hMNU	ULµW[_BEH4Dx�GPFJ JÂBEH_jÃ@�[IMlHÃµ	[IM+UW[IS\aWµcm
MNUcµáº_BRµW[$a	S\FIµWVhHIJpV³UáB\ºIºI¹hVYMbjÔÀpÏoHÄ¶ÎB\²�µNQ�µ	[IM�a	MNUWFI¹Yµ»VYH
µW[9VhU}M�ÞIB\g�º9¹YM�²NBEH%e�MCM�Þ`µWMNH9j´MNj»e`k-BTjIj´VhHIJAg�STaWM7¹hVhJ\[�µcm
º9BEµW[9U¾e�M�µG@CMlMlH�BEH`k�µG@�S�HIS´j´MNU�ß N$�]P`à�¶]STa�N T�E V BEH_j
P T�E R F9UWVhHIJ
º9[�k´UWVh²NBE¹`¹hVYHIXÖß����"D J Jbà|VY¶_VYµ�V³UÐµW[IM�UW[IS\aWµcm
MNUcµuº9BRµ	[Öe_MlµG@�MNMlHoN�B\H9jvP�UWF9²f[Lµ	[9BRµuV¢¶}Uc[ISTacµ	MNUcµcmÓº9BRµ	[
a	S\F´µ	VYHIJÂVhUáF9UWMNj�µWS+Mlgáe_Mbj�Bd¹hS\J\V³²lB\¹7µ	S\º�S\¹hS\J\kTQ|µ	[IMlH
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²lS\g�MNUuUWFIa	¸�Vh¸RBEeI¹hM\À
±�M�a	Mlº�S\aWµáUWVYgáFI¹hBEµWVhS\H�a	MNUWFI¹Yµ	U»¶]S\a�µW[9aWMNM�j´VYç�MNaWMNH�µ

a	VhHIJ»UWV@NNMNUI)xD
� J+�#�IQ.PC� �%BEH9j � �#�9À�;9S\a�MbB\²f[LHIMlµG@�STaWX
UWV NlM\Q_µW[9M�²lS\HIHIMb²�µ	VYSTHdaWMbèTF9MNUcµ¾UWM�µ��4V³U
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