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ABSTRACT>@?BA�C�DBE$F$G�H9DJIBK�L0E$F	GMGML�K�N+O-F	O-L�KMPQC'DR?SK2C?TH9LVU�F$E2W<DBLX9LY'PQZ[H9X\X
F	DRC�]BX9F^GMO_C�X9X`C�D<?aE2W<F�C'IbDBL1?BF$G�E�C�I<C�]<X9F^L'c7GMF$DBGMH\DBYBNTE$L�O-O�d<DBH�e
E$C'U�H9LDVC�D<?fE$L�O-I<dBU2C"U�H9LDhg�ijF	U�Z+L'K�kTGlL�c3GMdBE/WmDBL1?BF$GlE�C'DnE$L0L�KMe
?TH9DRC'U�F[U�L�IoF	KMc)L'K�Op?TH\G#UMK�H9]BdBU�F�?-GMF$DBGMH\DBY�L�chF$D1ATH�K�L�D<O-F$D0U2C�XBI<WBF	e
DBLO-F$D<CTgrq�DsU�WBH\GaIRC'IoF	K�N[Z+FtF	uTI<X9L'K�FtU�WBFwv�x)yMz�{	|�zMv}v'x ~[�1��x����
I<C'K2C�?BH9YO�c)L'K^GMd<E2WnE$L0L'K2?BH9DRC"U�H\L�Dhg[�^H�K�F$E/U�F�?n?BH���d<GMH9L�DnH\Gj?<C"U2C'e
E	F$D0UMK�H\EfH\DwU�WRC"UaC�X9X[E$LO-O�d<DBH\E$C'U�H9LDwH9G-c)L�K_D<C�O-F�?w?BC'U2CTg}>@X9X
DBL1?BF$G�H\DbC�?BH�K�F$E	U�F�?a?BH���dBGMH\L�DBe ]RC'GMF�?_D<F	U�Z+L�K�k_C"K�F^C'I<I<X9H9E�C"U�H\L�DBe
C$Z+C'K�Fg��+W<H9G�F$DRC']<X9F$G�?BH���dBGMH\L�DVU�LfC�E2W<H9F$A�F�F$D<F/K�Y�PVG�C�ATH9DBYG�]0P
GMF	X\F	E	U�H9D<YSF$O-IBH�K�H\E$C�X9X�P�Y�L0L1?sIRC"U�W<G-C'DR?w]0PwE�C�E2W<H9D<Y�C�D<?JITK�L�e
E	F$GMGMH9D<YV?<C"U2CmH\DTe D<F	U�Z+L�K�kogb�SF-F	uTI<X9L'K�FbC'DR?SF$A�C�X9d<C'U�F�U�W<F_dBGMF
L'c3?BH�K�F$E	U�F$?m?BH���d<GMH9L�Dmc)L�KjC�GMH9O-I<X9F^K�F$O-L'U�F	e GMdBK�A�F	H\X9X\C�DBE$F�GMF$DBGML�K
DBF	U�Z�L�K�kog

1. INTRODUCTIONq�DVU�WBF�DBF�C'K^c�dBU�dTK�FNhC?BA�C�DBE$F$G�H9DVIBK�L0E$F$GMGML'K�N�O-F$O-L'KMPnC'DR?nK2C'e
?TH9L�U�F$E2W<DBLX9LY'P�Z[H9X9XoF$DRC']<X9FjGMO_C'X\XRC�DR?�E2W<F$C�I_D<L1?TF$G�E�C'IRC']<X9FjL'c
Z[H�K�F$X9F$GMG-E	LO-O�dBD<H9E�C"U�H\L�DwC�D<?SGMH\Y�D<H��RE$C�D0U�E$L�O-I<dTU2C'U�H9LD`gS�+WBF
C�?<?TH9U�H9L�DfL�c6GMF$D<GMH9DBY�E�C'IRC�]BH9X\H�U�PaU�L�GMd<E2Wb?BF$A1H9E$F$G�Z[H9X9X`O_C�k�F@?BH9G#e
UMK�H9]BdBU�F�?tO-H9E	K�LGMF$DBGMH9D<Y'�}C�D�C�E	U�H9A1H�U�PtH9D�Z[WBH9E/W�CbE$L�X9X\F	E	U�H9LDSL'c
DBL1?BF$G�E	L0L�K2?BH9D<C'U�FjU�L�C�E2W<H9F$A�FjC�X\C'K�Y�F	K[GMF$D<GMH9DBY�U2C�GMk��sIoLGMGMH9]<X9Fg
� d<E2WjU�F$E2W<DBLX9LY'P�E�C�D^K�F	A�LX9dBU�H9L�D<H9�$F3H\DTc)L'K�O_C'U�H9LD�Y�C"U�W<F	K�H9DBY@C'DR?
ITK�L0E$F$GMGMH9D<Y�H9D�O_C�D0P�GMH�U�dRC"U�H\L�D<G$g��hC'K�YF�GME�C�X9FN�?TPTDRC'O-H9E�C�X9X�P
E2WRC'D<Y�H\DBYBN�C�DR?�K�L]Bd<G#U��	z/�<�/��yl��z/|��4��yM�'��E�C'D�]oF[?BF	I<X9L�P0F�?�H\D�H9DBe
WBLGMIBH9U2C']<X9FlI<W0PTGMH\E$C�XTF$D1ATH�K�L�D<O-F$D0U�G�GMd<E2W-C�G�K�F$O-L'U�F�YF$L�Y�K2C�IBW<H9E
K�F	YH9LDBG�L�KjU�L�uTH9E�dTK�]RC'DnX\L0E$C'U�H9LDBG$g��+W<F	PmZ[H9X9X�C�X9GMLaF$DRC']<X9F�X9L�Z
O_C'H9D1U�F	DRC�DBE$F[GMF$D<GMH9DBY�H9D_O-L�K�F[]oF$DBH9YDhN�]<dBU4X9F$GMG+C'E$E$F$GMGMH9]BX\F�NBF	DBe
A1H�K�LDBO-F$D0U�G$��X\C'K�YF�H9DR?Td<G#UMK�H\C�X`I<X\C'D1U�G$N<C�H�K�E	K2C"c�U@H9D1U�F/K�H\L'K�G@F/U�Eg

�hLbO-L'U�H\A�C'U�F�L�dBK^K�F$GMF$C'K�E2WhN�E$L�D<GMH\?BF	KjU�W<H9G^GMH9O-I<X9H��RF�?mO-L1?TF$X�L'c
WBL�Z�GMdBE/W�CjGMF$DBGML�K4D<F	U�Z+L�K�k�Z[H9X9XBZ�L�K�ka�)Z+F+K�F	�<D<F�U�WBH\G�O-L1?TF$X1H\D
� �+W<H9GaZ�L�K�kJZ�C�GbGMd<IBIoL�KMU�F�?}]0PwU�W<Ft�^F	c�F$D<GMFV>@?BA�C�D<E	F�?s�lF	e
GMF$C'K�E2W¡ �K�L"¢#F	E	U�GJ>@YF	D<E	P£dBDR?BF/KQY�K2C'D1Uw�@>j¤���¥¦'e�§�§'e�¨	e�©©1¨¨�g
>lD0P�LIBH\DBH9LD<G$N��RD<?BH9D<Y�G$N�C'DR?�E$LDBE$X9d<GMH9LDBG3L'K7K�F$E$L�O-O-F$DR?BC'U�H9LDBG
F/uBITK�F$GMGMF�?�H9DVU�W<H9G�O_C'U�F	K�H\C�X4C'K�F�U�WBLGMF�L'c�U�W<F-C'dBU�WBL�K�G�C�D<?�?BL
DBL�U_DBF$E$F$GMG�C"K�H\X�PJK�F	ªRF	E	U�U�W<FbA1H\F/Z[GaL'cjU�WBFf�^F	c�F$D<GMFm>j?BA�C�DBE$F�?
�lF$GMF�C"K�E/Wm �K�L"¢#F$E/U�G^>@Y�F$D<E/P0g

� F	E	U�H9LDa«¬/g�jD<F[L�K4O-L�K�F�W1d<O_C'D�L�IoF	K2C'U�L'K�G�IoLGMF�N0U�L�C�D0P�DBL1?BF
H9D-U�W<F[D<F	U�Z+L'K�k�N0®1dBF$G#U�H9LDBG�L�c�U�WBFlc�L�K�Om�^¯�°jL�Z�O_C'D1P�IoF�?TF$G#UMK�H�e
C�DBGl?BL�P�LdfL�]<GMF	K�AF^H9DbU�W<FjYF$L�Y�K2C�IBW<H9E�C'X6K�F$YH9L�Dm±�²$³BNBL�K_¯��6F$X9X
O-F-H9DQZ[WRC'U�?BH�K�F$E/U�H\L�DQU�WRC'U�A�F$WBH9E$X9FaH9DSK�F$Y�H9LDQ´�H9G�O-L"A1H\DBY³Tg
�+W<F	GMF+®0d<F	K�H9F$G`K�F$GMd<X�U6H\D�GMF$DBGML�K�G6Z[H�U�WBH\D�U�WBF3GMIoF	E$H��RF�?^K�F$Y�H\L�D�]oF/e
H9D<Yf| µ'�M��zMvbU�L�G#U2C'KMU@E$LX9X9F$E	U�H9D<Y-H9DTc)L�K�O_C"U�H9LDS� � F$E	U�H9LDt«�¬/g�jD<E$F
H9DR?TH\A1H\?Bd<C�X+DBL1?BF$G�?BF	U�F	E	U�IoF$?BF$G#UMK�H\C�DBG�L�K�A�F$WBH\E	X\FaO-L"A�F$O-F$D0U�G$N
U�W<F/PsO-H9YW0UaE$L�X\X\C']oL�K2C'U�F�Z[H9U�W�DBF$H9YW1]oL�K�H9DBYJDBL1?BF$G_U�Lw?BH9G�C'O�e
]<H9Y�dRC'U�F�IoF�?BF$G#UMK�H\C'D�X9L0E�C'U�H9L�DQL�K�A�F$WBH9E$X9F�O-L"A�F$O-F$D0Uj?BH�K�F$E	U�H9LD`g
jD<FlL�c`U�W<F	GMFjD<L1?TF$G+O-H9YW0U4U�W<F$D�K�F$IoL'KMU+U�W<F[K�F$GMdBX9U+]RC�E2k�U�L�U�W<F
W1d<O_C'DbL�IoF	K2C'U�L'K�g

¶ L�U�H9A�C'U�F�?V]0PnK�L]<dBG#U�D<F$GMG$N6GME�C�X9H9D<YTN�C�D<?VF	D<F	K�Y'P�F/·-E$H9F$D<E/PVK�F/e
®0d<H�K�F$O-F$D0U�G$NoU�WBH\G�I<C�IoF	K^F	uBC�O-H9D<F$G^CbD<F/Z¸?<C'U2Ca?BH9GMGMF$O-H9D<C'U�H9LD
IRC"K2C?TH\Y�O¹c)L'K�GMdBE/W�GMF$D<GML'K�DBF	U�Z�L�K�k1G$ga�+W<H9G�IRC"K2C?TH\Y�OmN6Z[WBH\E2W
Z+F�E�C�X9X@v�x)y�zM{	|�zMvtv�x ~��1�2x�����º�NhH\G�?BC'U2C"e�E	F$D0UMK�H\E�g��^C'U2CbY�F$D<F/K2C'U�F�?
]0PmGMF$DBGML�KjD<L1?BF	GjH9G^DRC'O-F�?f]0PnC"UMUMK�H9]<dBU�F/e�A�C�X9dBF�I<C�H�K�G$gj>£DBL1?BF
K�F�®0d<F	G#U�G_?<C'U2CV]0PQGMF$DR?TH9D<Y�x��<|�z/y�z/��|��mc�L�K_D<C�O-F�?J?<C"U2CTg���C'U2C
O_C'U�E2W<H9DBYmU�W<FaH\D0U�F	K�F	G#U�H9G�U�WBF$D£¯#?TK2C$Z[DB³�?TL�Z[DwU�L�Z+C'K2?BG�U�WRC'U
D<L1?TFg7q�D1U�F/K�O-F�?BH\C'U�F�DBL1?BF$G3E�C'D-E�C�E2W<FN�L�K3UMK2C�D<G#c�L�K�O»?<C"U2CTN1C'DR?
O_C$Pn?TH9K�F	E	U�H9D0U�F	K�F$G#U�G^]<C�GMF�?tLDtIBK�F	ATH9L�d<GMX�PtE�C�E2W<F$?V?BC'U2Ct� � F$E/e
U�H9LDn¦¬/g

¼ GMH9DBYsU�W<H9GVE$LO-O�d<D<H9E�C"U�H9LDrI<C'K2C�?BH9YOmN�LdTKVF	uBC�O-I<X9FQO-H9YW0U
]oFnH9O-I<X9F$O-F$D0U�F�?�C�G-c)L�X9X\L�Z[G$g»�+W<FnW1dBO_C�DsL�IoF	K2C'U�L'K�½ Gm®0d<F	KMP
Z+L�d<X\?w]oFbUMK2C�DBG#c)L'K�O-F�?QH\D0U�L�C�DJH9D1U�F/K�F$G#U�U�WRC"U�H9Gtv�x ~��1�	z�vSU�L'e
Z�C"K2?BG[D<L1?TF$G�H9DaK�F	YH9LDBGl±�L�K�´�g0��W<F$DfC�DBL1?BFjH9DaU�WRC'U�K�F	YH9LD
K�F$E$F	H\AF$GlC�DfH9D0U�F	K�F$G#U�NBH�UlC�E	U�H9A�C'U�F$G[H�U�G[GMF$D<GML'K�G�Z[W<H9E/Wf]oF$YH9DfE	LX�e
X9F$E	U�H9D<YQH9DTc)L�K�O_C"U�H9LD�C']oLdBUaIoF�?TF$G#UMK�H\C�DBG$gr��WBF$D�U�WBFmGMF$D<GML'K�G
K�F$IoL'KMUlU�WBF�IBK�F$GMF	D<E$F^L'c�IoF�?BF	G#UMK�H,C'D<G$NBU�W<H9G[H\DTc)L'K�O_C'U�H9LDfK�F/U�dBK�D<G
C�X9L�D<Y�U�W<F+K�F$AF	K�GMF�IRC"U�W�L�c�H9D0U�F	K�F$G#U4IBK�L�IRC�YC'U�H9LD`g�q�D0U�F	K�O-F�?TH\C'U�F
D<L1?TF$G�O-H9YW0U-µ$¾�¾�y�z�¾�µ�|�z_U�WBF�?BC'U2CTN+z�¿ ¾0¿\À6O-L�K�F�C�E$E$dTK2C'U�F$X�PVI<H9DTe
IoLH9D0U�U�W<F_IoF�?BF	G#UMK�H,C'Dh½ G�X9L0E�C"U�H\L�D�]0P�E$LO�]<H9D<H9DBYmK�F$IoL�KMU�G�c�K�LO
GMF$A�F/K2C�X�GMF$D<GML'K�G$g_>@DVH9O-IoL�KMU2C'D1U@c)F�C"U�dBK�F-L'c�?BH�K�F$E/U�F�?�?TH���d<GMH9LD
H9G�U�W<C'U�H9D0U�F	K�F$G#U�C�D<?Q?<C'U2CnITK�LIRC'Y�C"U�H\L�DsC'DR?QC'YY�K�F	Y�C'U�H9L�D}C'K�F
?BF/U�F	K�O-H9D<F�?�]1PaÁ9��{�µÁ x\Â"zMv�x��<|�z/yMµ{	|�x����<����O-F	GMG�C�YF[F	uTE2WRC'D<YF	G3]oF/e
U�Z�F$F$DmDBF$H9YW1]oL�K�G[L'K@DBL1?BF$G�Z[H�U�W<H9DmGML�O-F^A1H9E$H9D<H�U�P<¬/g

�^H�K�F$E	U�F$?�?BH���d<GMH9LD�H9GhGMH\Y�D<H��RE$C�D0U�X�P�?BH���F	K�F$D0U�c�K�L�O�q� �e G#U�PBX9F�E$L�O�e
O�dBD<H9E�C"U�H\L�DVZ[WBF	K�F-D<L1?TF$G�C'K�F-H\?TF$D0U�H9�<F�?t]1PnU�WBF$H�K�F$DR?1e IoLH9D0U�G$N
C�D<?�H9D0U�F	KMe D<L1?TF�E$L�O-O�d<DBH9E�C'U�H9LDtH9G�X\C�P�F	K�F�?�L�D�C'D�F$D<?Te�U�L�e F$D<?
?BF	X\H9A�F/KMP_GMF	K�A1H\E	FjIBK�L"A1H\?BF�?�Z[H�U�W<H9DaU�W<FlD<F	U�Z+L�K�kog�q�D_U�WBH9G+IRC'IoF	K�N
Z+Fb?BF	GME	K�H9]oFb?TH�K�F$E	U�F�?Q?TH9��dBGMH9LDwC�D<?SH9X\X9dBG#UMK2C'U�FaLD<F_H9D<G#U2C'D0U�H,C"e
U�H9LD�L'c�U�W<H9GbI<C'K2C�?BH9YOÃc)L'KfGMF	D<GML�Km®0d<F	KMP�?BH9GMGMF$O-H9D<C'U�H9LDÄC'DR?
IBK�L0E	F$GMGMH9D<YBg-��F�GMWBL"Z£U�W<C'U�dBGMH\DBYn?BH�K�F$E/U�F�?�?TH���d<GMH9LD�LD<F�E�C�D

ºMÅ�Æ�Ç6È#Æ�É)Ê�Ë2Ì\Ê#Ç7Ì,Í�Î�Î�Ï�Ì\Ð,Ï�Ñ�Ì,Ê�Ò`ÏTÊ�Ó'Ð,ÔMÏoÕ Ç�Õ Ð�Õ Æ�Ö�Õ ÑMÏ�Æ�Ì0Ð,Ô2Æ Ð<Ö Æ�Ð\Ï�×1Ö Ï�ÑhÐ,Ê`Ð�ÔMÏoÑMÏ�Ì,Õ Î�Ç6Ê�ÓÑ�Õ ×9Ï�É)Ð\Ï�Ñ�Ñ�Õ Ó Ó�Í�Ì�Õ Ê#Ç$Ø



K�F$C�X9H9�$F�K�L�]<d<G#UbO�dBX�U�H9e I<C'U�W�?TF$X9H\AF	KMP0N[F$O-I<H�K�H9E�C'X\X�PÄC�?<C'IBUaU�LwC
GMO_C'X9X�GMd<]<GMF/U�L�c@D<F/U�Z+L'K�kSIRC"U�W<G$N4C�D<?wC�E2W<H9F$A�FaGMH9YD<H��<E�C�D0U�F	DBe
F/K�Y�PSG�C�A1H9D<Y�G�Z[WBF$DSH9D0U�F	K�O-F�?BH\C"U�F-D<L1?BF	G�C'YY�K�F	Y�C'U�FaK�F$GMIoLDBGMF$G
U�L�®1dBF	K�H9F$G�� � F$E/U�H\L�D � ¬/g

2. DISTRIBUTED SENSOR NETWORKS¤4F	c)L'K�F�Z+F�?TF$GME	K�H9]oF�?BH�K�F$E	U�F�?n?TH���d<GMH9LD`N<Z+F�O�d<G#U@?BF$GME/K�H\]oF�U�WBF
F/uBIoF	E	U�F�?QC'K�E2W<H�U�F$E/U�dBK�F$G�L�clGMF$D<GML'K�DBF	U�Z�L�K�k1G$gV�6LV?BLmU�WBH\G$N7Z�F
�BK�G#U�?TF$GME	K�H9]oF-U�W<F-F	uTIoF$E/U�F�?SE�C�I<C�]BH\X9H�U�H9F$G�L'clGMF$D<GML'K�DBL1?BF$G$gnq U
H9G[D<L'U�d<DTK�F�C�GML�DRC']<X9FjU�L�F/uBIoF	E	U+U�W<F@c)LX9X9L�Z[H9D<Y�c)F$C'U�dBK�F	GlH9DbC�c�dBe
U�dTK�FnGMF$D<GML'KaD<L1?BF��V> O_C'U�E2W1]oL�uwGMH\�	F�?�c)L'K�OÃc�C�E/U�L�K�N[]RC"UMU�F	KMP
IoL�Z�F	K+GML�dBK�E$FN0C�D-IoL�Z+F	KMe E$L�D<GMF	K�A1H9D<Y�ITK�L0E$F$GMGML'K+E$X9L0E2k�F�?-C'U4GMF$A0e
F/K2C�XRW1d<D<?TK�F�? ¶ W<�N�IBK�LY'K2C�O»C�D<?�?<C"U2C^O-F$O-L�KMP�C�O-L�d<D0U�H9D<YjU�L
GMF	A�F	K2C�X�U�F	D<GjL'c ¶ ¤4P1U�F$G$N`C-K2C?TH9LbO-L1?TF$O U�W<C'UjF$O-I<X9L�PTG@GML�O-F
c�L�K�O¹L'c�?TH\AF	K�GMH�U�PtE$L1?TH\DBY���¨�©���N7C�D<?�C'D�F	D<F	K�Y'PtF	·-E$H9F$D0U ¶ >��
X\C$P0F	K4]RC'GMF�?�LD`N�c)L'K�F/u<C'O-I<X9FN��+� ¶ >�� ««���g3>lG4GMdBE/W`NU�W<H9G3D<L1?TF
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¼ GMH9DBY�W<LITe ]1P1e W<L�I@Z[H�K�F$X9F$GMG�E	LO-O�dBD<H9E�C"U�H\L�D�C�D<?jK�LdTU�H\DBY�O-F$E2WBe
C�DBH9GMO-G7?BF$GME/K�H\]oF$?�H9D � F$E	U�H9LD�¦TN'U�W<H9G�U2C�GMk�H9G7E$L�D1A�F	P0F�?^U�L@GMF$D<GML'K
D<L1?TF$G�H9D�U�W<F�GMdB]BK�F$Y�H\L�D�"�L�c<U�W<F�GMF$DBGML�K3�RF$X\?`g*�4C'E/W�D<L1?BF+U�WBF$D
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U2C'GMk1G�H�U�G�GMF$D<GML'K�G�U�LmE	LX9X9F$E	U�G�C�O-I<X9F$G$N7C�DR?�O_C'U�E2W<F$G�U�W<F-G�C'O�e
IBX9F�?tZ+C�A�F	c)L'K�O C�YC�H9D<G#U�CaX\L0E$C�X9X�PTe G#U�L'K�F�?�X9H9]BK2C'KMP0g�q c�U�W<F�D<L1?TF
?TF	U�F$E	U�G�C_Z�C�A�F	c�L�K�O U�PTI<H9E�C�X�L'c�Cac�LdTKMe�X9F$Y�YF�?�C�D<H9O_C'X�N`H�U�YF	DBe
F/K2C'U�F$G ��� ��F$A�F$D0U�?BF$GME/K�H\ITU�H9LD<G�CVO-H9X9X9H\GMF	E$LD<?`N4F�C�E2WwL�clZ[W<H9E/W
E	LD0U2C�H9D<G�U�WBF�c)L�X9X\L�Z[H9D<YtH�U�F$O-G$�jH9U�G�L�Z[D�X9L0E�C"U�H9LDhN7CbE$L1?TF$]oL0Lk
A�C�X9dBF�E$L'KMK�F$GMIoLD<?BH9D<Y_U�L-U�W<F�C�DBH9O_C�X�NoU�W<F�H9D0U�F$D<GMH�U�PfL�c3U�W<F�GMH9Y�e
D<C�X�N�C�DR?QCt?TF$Y�K�F$FbL�clE$L�DB�o?TF$D<E	FbH9DwH�U�G�F$G#U�H9O_C'U�H9L�Dhg � F$DBGML�K�G
Z[H�U�WBH\DVK�F$YH9L�D "¸O_C$PnE$L0L'K2?BH9DRC"U�F�U�LmI<H9E2kmU�W<F�]oF	G#U�F$G#U�H9O_C'U�Fg
�+WBH9G4F$G#U�H9O_C"U�F-¯�IRC'E/kF	U�³�H9G�U�WBF$D�K�L�dBU�F�?�]RC�E2k�U�L"Z+C'K2?TG3U�WBF+U2C�GMk
L'K�H9YH9DRC"U�L�K�g

�+WBFlc�L0E$d<G�L�c`U�W<H9G�I<C�IoF	K�H\G3U�W<Fl?BF	GMH\Y�DbL'ch?BH9GMGMF$O-H9DRC"U�H\L�D_O-F$E/WTe
C'D<H9GMO-G4c�L�K+U2C'GMk1G+C�D<?�F$A�F$D0U�G$g���Fl?BF$GME	K�H9]oFlU�W<H9G�?TH9GMGMF$O-H9DRC'U�H9L�D
O-F	E/W<C�D<H9GMO H9D�U�WBF-E$LD0U�F	u1U�L�c�U�WBF-GMF$D<GML'K�DBF	U�Z�L�K�k�?BF$GME	K�H9]oF�?
C']oL"A�FN�]BdBU�Z[H�U�WsGMdBI<IoL'KMU-c)L�KaO�d<X�U�H9I<X9FfE$L�D<E$dTKMK�F$D0U-U2C�GMkwH9D<H�e
U�H\C"U�H\L�D<G_L�cjU�W<FfU�PBIoFbGMIoF$E$H��RF$?sC�]oL"A�F�g}�SFmX\C"U�F	KaC'K�Y�d<FmU�WRC"U
L�dBK�L"A�F/K2C�X9X`C�I<ITK�L�C'E/W`N6v'x)y�zM{	|�zMv_v�x ~��T��x��'�<NBC�IBI<X9H9F$G+O-L�K�F@YF$DBF	KMe
C'X9X9P�U�LmL�U�WBF	K�k1H\D<?BG�L'cl?BH9G#UMK�H9]<dBU�F$?�GMF$D<GML'K�E$L0L�K2?TH\D<C'U�H9LD`gf��F
c)C�E$F�GMF	A�F	K2C�X1E2WRC'X\X9F$DBYF$G�H9D�?TF$GMH9YDBH\DBY@U�WBF$GMF+O-F$E2WRC'D<H9GMO-G$g*��H�K�G#U�N
U�WBF$GMF^O-F$E2WRC'D<H9GMO-G+O�d<G#U+GME$C�X9F^U�L�GMF$AF	K2C�X�U�W<L�d<G�C�D<?BG+L'c7GMF$DBGML�K
DBL1?BF$G_H9D�U�WBFfGMF$DBGML�K_�RF	X,?�g � F	E$LD<?`N+GMF	D<GML�KaDBL1?BF$G-O_C$PQc�C'H9X�N
O_C$P�X9LGMFf]<C'UMU�F	KMP�IoL�Z+F	K�N3L'K�O_C$PV]oFaU�F$O-IoL'K2C'K�H9X�PSdBDRC�]BX9F_U�L
E	LO-O�dBD<H9E�C"U�F^?BdBF@U�L�F$D1ATH�K�L�D<O-F$D0U2C�XRc)C�E	U�L'K�G$g+�+WBF�?BH9GMGMF$O-H9D<C'e
U�H9L�DQO-F$E/W<C�DBH\GMO-G�O�d<G#U�]oF�K�L]Bd<G#U�U�LnGMd<E2W�c�C'H9X\dTK�F$G$g ��H9DRC'X\X�P0N
Z[H�K�F$X9F$GMG@E$LO-O�d<DBH\E$C'U�H9LDaF$A�F$DbL"A�F	K�K�F$X\C'U�H9A�F	X9PbGMW<L'KMU@?BH9G#U2C�DBE$F$G
E	LD<GMdBO-F$G7GMH9YDBH9�<E�C�D0U�F$DBF	K�Y�P0g7�+W<F�?TH\GMGMF	O-H\D<C'U�H9LD�O-F$E2WRC�DBH9GMO-G
O�d<G#U[O-H9D<H9O-H9�$F@F$D<F	K�Y'PfdBG�C�Y�Fg

3. DIRECTED DIFFUSION�jH9K�F	E	U�F�?�?BH���dBGMH\L�D�E$LDBGMH\G#U�GhL�cTGMF$A�F/K2C�X�F$X9F$O-F	D1U�G$gh��C"U2C+H\G3�oµ%�-zMv
dBGMH9D<YQC"UMUMK�H\]BdBU�F	e A�C�X9d<FbIRC'H9K�G$g >�GMF$DBGMH\DBY�U2C�GMkÄ��L'KfCVGMd<]TU2C�GMk
U�WBF	K�F$L'c2¬�H9G�?BH9GMGMF$O-H9D<C'U�F�?�U�WTK�LdBYW<L�dBU�U�W<F�GMF$D<GML'K�DBF	U�Z�L�K�k�C�G
C'DVx��<|�z/y�z/��|4c)L�K[D<C�O-F�?_?BC'U2CTg3�+WBH9G[?BH9GMGMF$O-H9DRC"U�H\L�DbGMF/U�G+d<Ib¾�yMµ%$
v'x z/�<|���Z[H9U�WBH9D�U�W<F�D<F	U�Z+L�K�kV?TF$GMH9YD<F$?VU�Ls¯�?TK2C$Z[³mF$AF$D0U�G-�#x ¿)z�¿\À
?BC'U2CnO_C'U�E2W<H9DBYfU�W<F-H9D0U�F	K�F$G#U/¬/g ��A�F$D0U�G�G#U2C'KMU�ªRL�Z[H9D<YnU�L�Z�C"K2?BG
U�WBF[L�K�H9YH9DRC"U�L�K�G+L'c`H\D0U�F	K�F	G#U�G�C'X\L�D<Y�O�dBX�U�H\IBX9FlI<C'U�WBG$g��+W<F[GMF$DBGML�K
DBF	U�Z�L�K�kJy�z/x)���$��yM{2z/�aLDBFN�L�K�CmGMO_C�X9X+D1dBO�]oF	K�L'clU�WBF$GMF_IRC"U�W<G$g
��H9Y�dBK�F-¨�H9X9X\dBG#UMK2C'U�F$G[U�W<F	GMF�F$X9F$O-F$D0U�G$g

q�DbU�WBH\G[GMF$E/U�H\L�DhNBZ+F�?BF$GME/K�H\]oF^U�WBF$GMF�F$X9F$O-F$D0U�G�L'c3?BH���d<GMH9LDbZ[H9U�W
GMIoF	E$H��RE_K�F	c)F	K�F	D<E$FaU�L�CmI<C'KMU�H9E$dBX,C"K-k1H9DR?�L'cjGMF$DBGML�K�D<F	U�Z+L�K�k��
L�D<F�U�W<C'U�GMd<IBIoL�KMU�G�U�W<F�U2C�GMkV?BF$GME/K�H\]oF$?�H9D � F	E	U�H9LDw«0g � d<E2W�C
DBF	U�Z�L�K�kSIoF/KMc)L�K�O-G�X9L0E�C'U�H9LDJUMK2C�E2k1H\DBYBgS>@G�Z�FbGMW<C�X9X�GMF$FN4GMF$A0e
F/K2C�X�?TF$GMH9YDwE/WBLH9E$F$G�IBK�F$GMF	D1U�U�W<F	O-GMF$X9A�F$G�F$A�F$DSH9DSU�WBFaE	LD0U�F	u1U
L'c[U�W<H9G�GMIoF	E$H��RE_H9D<G#U2C�D0U�H\C'U�H9L�DJL'c@?BH���d<GMH9LD`gm�SF-F	X,C']oL�K2C"U�FfLD
U�WBF$GMF�?BF$GMH9YDnE2W<L�H9E$F$G@Z[WBH9X\F�?BF$GME/K�H\]BH9D<Y�U�W<F�?TF$GMH9YDtL�c3LdTKjGMF	DBe
GML'KjDBF	U�Z�L�K�kog4jdBK[H9DBH9U�H\C'X6F$A�C�X9dRC"U�H9LDS� � F$E	U�H9LD � ¬�c)L0E$dBGMF$G@L�D<X�P
C�GMd<]<GMF/U@L'c�U�W<F	GMF�?BF$GMH9YDfE/WBLH9E$F$G$g

3.1 Namingq�D�?BH�K�F$E/U�F�?�?BH���d<GMH9L�DhN�U2C�GMks?BF$GME/K�H\ITU�H9LD<GbC'K�FQ�Rµ%�_zMvs]0P0N+c�L�K
F/u<C'O-I<X9FNBC�X9H9G#U[L�c7C'UMUMK�H9]<dTU�F	e AC'X\dBF@I<C�H�K�G�U�WRC"U[?BF$GME/K�H\]oF^C�U2C�GMkog
�+WBFfC'D<H9O_C�X3UMK2C�E2k1H\DBYmU2C�GMk�?BF$GME	K�H9]oF�?QH9D � F	E	U�H9LDJ«mO-H9YW0U�]oF
?TF$GME	K�H9]oF�?bC�G^�)U�WBH\G�H\G[C�GMH9O-I<X9H��RF�?a?BF	GME	K�H9IBU�H9LD`NBGMF	F � F$E/U�H\L�Df¦1g «
c�L�K@O-L�K�F�?TF	U2C�H9X9G2¬/�
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�BL�K@F�C�GMF�L�c3F	uTIoLGMH�U�H9LD`NRZ+F�E2W<L0LGMF�U�W<F�GMdB]BK�F$Y�H9LDnK�F$IBK�F	GMF$D0U2C'e
U�H9L�DSU�Ln]oF_CfK�F$E	U2C�DBYX9Fa?BF	�<D<F�?VLDQGML�O-F-E$L0L�K2?TH\D<C'U�F_G#PTG#U�F$O	�

H9DmIBK2C'E	U�H9E$FNTU�W<H9G[O-H9YW0U[]oF^]RC'GMF�?fL�D �^  � E$L0L�K2?TH\D<C'U�F$G$g

q�D0U�dBH9U�H9A�F	X9P0N'U�W<F+U2C'GMk�?TF$GME	K�H9IBU�H9LD-GMIoF	E$H��RF$G4C�D�H9D0U�F	K�F$G#U3c)L'K+?BC'U2C
O_C'U�E2W<H9DBYtU�WBFfC"UMUMK�H9]<dBU�F	G$g#�<L�K�U�W<H9G�K�F�C'GMLD`N+GMd<E2WJCtU2C'GMkQ?BF/e
GME	K�H9IBU�H9L�D}H9G-E�C�X9X9F�?�C�D x)�<|�z/yMz/��|�g �+W<Ft?<C"U2C�GMF$D0U_H9D�K�F	GMIoLD<GMF
U�L_H9D1U�F/K�F$G#U�GjC"K�F�C'X9GMLaD<C�O-F�?mdBGMH9D<Y_C-GMH9O-H\X\C"KjD<C�O-H9D<Y-GME2W<F$O-F�g
�+W1d<G$N7c�L�K�F/u<C'O-I<X9FN�CnGMF$DBGML�K�U�WRC'U�?BF/U�F$E	U�G�C�DwC�DBH9O_C�X+O-H9YW0U
YF	D<F	K2C"U�F^U�W<F^c)L�X9X\L�Z[H9D<Ya?BC'U2Cf��GMF$F � F$E	U�H9LDf¦Tg ¦�c)L'K@C�DmF	uTIBX,C'DRC"e
U�H9LDmL'c7GMLO-F�L'c�U�W<F	GMF�C'UMUMK�H9]<dTU�F$G2¬/�
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�jH9A�F$DQCbGMF	U�L'c�U2C�GMk1G�GMd<IBIoL�KMU�F�?�]0P�CfGMF$DBGML�K�D<F	U�Z+L'K�k�N6U�W<F$D`N
GMF$X9F$E	U�H9DBYmCbD<C�O-H9D<Y_GME2W<F$O-F�H9G^U�W<F��<K�G#U^G#U�F	I�H9D�?BF$GMH9YDBH9D<Ym?TH�e
K�F$E	U�F$?-?BH���d<GMH9LD-c�L�K�U�WBF[D<F	U�Z+L�K�kog �BL�K+L�dBK4GMF$D<GML'K+DBF	U�Z�L�K�koN�Z+F
WRC�A�F�E/WBLGMF$D�C@GMH9O-I<X9F�C"UMUMK�H\]BdBU�F	e A�C�X9d<F4]RC'GMF�?�H9D0U�F	K�F$G#U4C�D<?�?BC'U2C
DRC'O-H9D<YjGME2W<F	O-Fg�q�D�YF	D<F	K2C'X�N�F�C�E2W-C'UMUMK�H9]BdBU�F+W<C�G3C�D-C'GMGML0E$H\C'U�F�?
A�C�X9d<F[K2C�DBYFg��<L'K+F	uBC'O-I<X9FN�U�WBFlK2C'D<YFlL�c`U�W<F7GIH@JBK�C"UMUMK�H\]BdBU�FlH9G
U�W<F4GMF	U7L'cRE$L1?TF$]oL0Lk�A�C�X9d<F	G6K�F$IBK�F	GMF$D0U�H\DBYjO-L�]<H9X9F4L�]T¢�F$E	U�G[��A�F$WBH9e
E$X9F$G$NTC'D<H9O_C�X�N0W1d<O_C'D<G2¬/g��+W<FlAC'X\dBF[L�chC�D_C"UMUMK�H\]BdBU�F[E�C'D-]oF@C'D0P
GMd<]BGMF	U�L�c+H9U�G�K2C'D<YF�g_q�D�L�dBK�F	uBC'O-I<X9FN`U�W<F�A�C�X9d<F�L�c+U�WBF-GIH6JBK
C'UMUMK�H9]BdBU�F[H9D�U�W<F�H9D0U�F	K�F$G#U4H\G3U�WRC"U4E	L�KMK�F$GMIoL�DR?BH9DBY�U�L^c�LdTKMe�X9F$Y�YF�?
C�DBH9O_C�X9G$g

�+W<F/K�F�C"K�F�L'U�W<F	KjE/WBLH9E$F$Glc)L�K^C'UMUMK�H9]<dTU�F�A�C�X9dBF�K2C'D<Y�F$G��2z�¿ ¾0¿9ÀhWBH�e
F	K2C"K�E/WBH\E$C�X,¬�C'DR?SL�U�WBF	K�DRC'O-H\DBYmGME2W<F$O-F$Ga��GMd<E2WQC'G�H9D0U�F$D0U�H9LDRC'X
DRC'O-F$G��9¨,��¬/gV�6LnGMLO-F_F	u1U�F$D0U�N�U�WBFaE2W<L�H9E$F_L�clDRC'O-H\DBYmGME2W<F$O-F
E�C'DmC'��F	E	U�U�W<F@F	uTIBK�F$GMGMH9A1H�U�P_L�c6U2C�GMk1G$NBC�DR?aO_C$P-H9O-IRC�E/U�IoF	KMc)L'KMe
O_C�DBE$F_L�clCt?BH���dBGMH\L�DwC�X9YL'K�H�U�W<Omgtq�DSU�WBH9G�I<C�IoF	K�N�L�dBK�YL�C'X�H9G
U�LfYC�H9DQC'D�H9D<H�U�H\C�X3d<D<?BF	K�G#U2C'DR?TH\DBYfL'c�U�W<F�?BH���d<GMH9LDVIRC"K2C?TH\Y�Omg
�<L'K+U�W<H9G4K�F$C�GMLD`NBZ�F^?TF	c)F	K�U�W<FlF	uTI<X9L�K2C"U�H\L�DbL'c6IoL�GMGMH9]<X9F^DRC'O-H9D<Y
GME2W<F$O-F$G+U�L�c)dBU�dTK�F^Z+L'K�k�g

3.2 Interests and Gradients�+W<FnD<C�O-F�?QU2C�GMk�?BF	GME	K�H9IBU�H9LD}L'c � F	E	U�H9LD�¦1g\¨tE	LD<G#U�H�U�dTU�F$GaC�D
x)�B|�z/y�z/��|�gl>@DmH9D0U�F	K�F$G#U@H9G@dBGMdRC'X\X�PfH\D'¢#F$E/U�F�?mH9D1U�L�U�WBF�D<F	U�Z+L'K�kfC"U
GMLO-F_��IoL�GMGMH\]BX�PtC'K�]BH9UMK2C"KMP<¬[DBL1?BF�H9DmU�W<F�D<F	U�Z+L'K�k�g���F�d<GMF�U�W<F
U�F	K�O¹��x)�1�_U�L-?BF	D<L�U�F@U�W<H9G[D<L1?BF�g

�jH9A�F$DQL�dBK�E/WBLH9E$FaL�c[D<C�O-H9D<YmGME2W<F	O-FN�Z+F_DBL"Z ?BF	GME	K�H9]oFaWBL�Z
H9D0U�F	K�F$G#U�G^C"K�Fmv�x ~[�1�	zMvfU�WBK�LdBYWnU�W<F�GMF$DBGML�K�DBF	U�Z�L�K�kog � d<IBIoLGMF
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U�W<L�d<Y�W�H9UfO-H9YW0UaWRC�A�FtE$LO-Fnc,K�LO CJ?TH9G#U2C�D0UfGMH9DBk�g»�+WBH\GbH9G
C�DnF/u<C'O-I<X9F�L�c4CnÁ9��{�µÁ6x)�B|�z/yMµ�{	|�x��'�<g@q�DmU�W<H9GlO_C�DBD<F	K�N<H\D0U�F	K�F	G#U�G
v�x ~��1�	z_U�WBK�L�d<Y�W<LdTU�U�W<F_D<F	U�Z+L'K�k�gfijL'U�C'X\X3K�F$E$F$H9A�F$?SH\D0U�F	K�F	G#U�G
C'K�F_K�F	e GMF$D0U�g�>pD<L1?BF_O_C$PSGMdBI<ITK�F$GMG�CmK�F$E	F$H9A�F�?QH9D1U�F/K�F$G#U�H�clH�U
K�F$E$F	D1U�X�P_K�F	e GMF$D0U@C�O_C'U�E2W<H9DBY�H9D0U�F	K�F$G#U�g

�jF$DBF	K2C�X9X�PÄGMIoF�C�k1H9D<YTNjU�WBF	K�F�C"K�F�GMF$AF	K2C�X^IoL�GMGMH9]<X9FSE2W<LH9E$F	Gfc)L'K
D<F	H\Y�W1]oL�K�Gw�3��H9YdBK�Fw¦¬/g �+W<FQGMH9O-IBX\F	G#UVC�X�U�F	K�DRC"U�H9A�FQH9GtU�L y�z�$
\	yM��µv�{�µ���|�U�W<FbH9D1U�F/K�F$G#U�U�L�C�X9X�D<F	H\Y�W1]oL�K�G$gJ�+W<H9G�H9G�F$®1dBH9AC'X\F	D1U
U�L-ªRL0L1?TH\DBYaU�WBF�H\D0U�F	K�F	G#UjU�WBK�L�d<Y�W<LdTU@U�WBF�DBF	U�Z�L�K�k ��H9DnU�W<F�C�]Te
GMF$DBE$F�L�c�H9DBc�L�K�O_C"U�H\L�DnC�]oL�dBU[Z[W<H9E2WmGMF$DBGML�K@D<L1?BF	G@C"K�F�X9H\kF$X�PbU�L
]oF�C�]<X9F�U�L_G�C'U�H9G#c�PnU�WBF�H9D0U�F	K�F$G#U�NoU�WBH9G@H9GjU�WBF�L�D<X�PnE2W<L�H\E	Fg^�+WBH9G
H9GlC�X9GML�U�W<F�C'X9U�F/K�DRC'U�H9A�F^U�W<C'U�Z�F�GMH9O�d<X\C'U�F^H9D � F$E	U�H9LD � g3q�DbLdBK
F	uBC�O-IBX9F^GMF$D<GML'KlD<F	U�Z+L�K�koNTH�UlO_C�PaC'X9GML�]oF�IoLGMGMH9]<X9F^U�L�IoF/KMc)L�K�O



Y�F$LY'K2C�IBW<H9E�K�LdTU�H9D<YBNRd<GMH9D<Y_GMLO-F�L�c�U�WBF�U�F$E2W<DBH\®1dBF$G@?BF$GME	K�H9]oF�?
H9D�U�WBF�X9H�U�F	K2C'U�dTK�F �9¨ � ��gf�+W<H9G�E�C�DSX9H9O-H�U�U�W<F�U�L�IoLX9LY�H\E$C�X+GME$L�IoF
c�L�KfH\D0U�F	K�F	G#Uf?TH���d<GMH9LD`NlU�WBF	K�F$]0PwK�F$GMd<X�U�H9D<YQH9D}F	D<F	K�Y'P}G�C�A1H\DBYG$g
��H9D<C�X9X�P0N4H9DJC�DQH9O-O-L�]<H9X9FaGMF	D<GML�K�D<F	U�Z+L'K�k�N4CnD<L1?TF_O-H\Y�W0U�dBGMF
E$C�E2W<F�?m?BC'U2Cf��GMF	F � F$E	U�H9LDm¦Tg ¦�¬+U�L-?BH�K�F$E/U@H9D0U�F	K�F$G#U�G$g �<L'K@F/u<C'O�e
IBX9FN�H�c�H9DnK�F$GMIoLDBGMF�U�LaC'DVF$C'K�X9H9F	K�H9D0U�F	K�F$G#U�N`C-D<L1?TF�WBF�C'K2?mc�K�L�O
GML�O-F[D<F$H9YW1]oL'K��w?<C'U2C^GMF	D1U3]0P�GMLO-F�GMF$DBGML�K�Z[H�U�WBH\D�U�WBF+K�F$YH9L�D
GMIoF	E$H��RF�?a]1P�U�W<F=MIKBNOG-C"UMUMK�H\]BdBU�FNTH�U�E�C'Df?TH�K�F$E	U�U�W<H9G+H9D0U�F	K�F$G#U�U�L
�jNTK2C'U�W<F/KlU�W<C�Db]BK�L�C�?BE�C'G#U�H9D<Y�U�L-C'X\XhD<F$H9Y�WT]oL'K�G$g

��H9Y�dBK�F�«1��C�¬�GMW<L�Z[G6U�W<F�Y'K2C?BH9F$D0U�G�F	G#U2C�]<X9H9GMW<F$?�H9D�U�W<F3E�C'GMF3Z[WBF	K�F
H9D0U�F	K�F$G#U�GlC"K�FjªRL0L1?TF�?aU�WTK�Ld<Y�WfC�GMF$D<GML'K[�RF$X\?`g ¼ D<X9H9k�F@U�WBF^GMH9O�e
IBX9H9�<F�?V?BF$GME	K�H9ITU�H\L�D�H9D ��H9Y�dBK�Fb¨��]o¬/NhD<L'U�H\E	F�U�WRC"U�F$A�F	KMPmIRC�H�K�L'c
DBF$H9YW1]oL�K�H9DBYjD<L1?TF$G7F$G#U2C']<X9H9GMW<F$G3C@Y'K2C?TH\F	D1U7U�L�Z+C'K2?BG7F$C�E2W�L'U�W<F	K�g
�+WBH9GjH9G^C-E	K�dBE$H\C�X�E$L�D<GMF�®0dBF$D<E$F�L'c4X9L0E�C'X7H9D1U�F/K2C�E	U�H9LDBG$g[��W<F$DmC
DBL1?BFlK�F$E$F$H9A�F$G+C�DaH\D0U�F	K�F	G#U+c�K�L�O H�U�G+D<F	H\Y�W1]oL�K�NTH�U�WRC'G+D<L�Z�C$P_L'c
k1DBL"Z[H9DBY^Z[W<F	U�WBF	K4U�W<C'U3H9D0U�F	K�F$G#U3Z�C�G3H9D�K�F$GMIoLDBGMF�U�L�LD<F�H�U4GMF$D0U
L�dBU�F$C'K�X9H9F	K�N6L'K�H9G�C�DtH\?BF$D0U�H9E�C'X3H9D0U�F	K�F$G#Ujc�K�LO C�DBL�U�W<F/K�GMH9D<knLD
U�WBF�¯�L�U�W<F/K�GMH,?TF$³fL'c�U�W<C'U�D<F	H\Y�W1]oL�K�g � dBE/WtU�Z�L�e�Z�C$PtY�K2C�?BH9F$D0U�G
E$C�D_E�C�dBGMFjC�DBL1?BF[U�L�K�F	E$F$H9A�FlLD<FlE$L�I1P�L�chX9L"Z}?<C"U2C�K2C"U�F@F	A�F$D0U�G
c,K�LO F�C�E2WnL�c3H�U�GlD<F$H9YW1]oL'K�G$g�°jL�Z+F	A�F	K�NoC'G@Z�F�GMWBL�Z X\C'U�F	K�N<U�W<H9G
U�F	E/WBD<H\®0d<F�E$C�DVF$DRC']<X9F�c�C'G#U�K�F$E$L"A�F	KMPnc,K�LO c)C�H9X9F�?�IRC"U�W<G^L'K�K�F	e
H9DTc)L�K�E	F$O-F$D0U�L'c^F$O-IBH9K�H9E�C'X9X9PS]oF	UMU�F	K-I<C'U�W<Gb� � F$E/U�H\L�DJ¦Tg � ¬/N+C�DR?
?TL0F$GlD<L�U[H9DBE$dBKlIoF	K�GMH9G#U�F$D0U[X9L0LIBG�� � F$E	U�H9LDn¦1g ¦�¬/g

i@L�U�F�U�WRC"Ujc)L'K�LdTK^GMF$DBGML�K�DBF	U�Z�L�K�koN`C_Y�K2C?TH9F$D0U^GMIoF$E$H��<F$G^]oL�U�W
Cb?<C"U2CaK2C'U�F�C�D<?�Cb?BH�K�F$E	U�H9LD�H9DVZ[WBH\E2WtU�LfGMF$D<?VF$AF$D0U�G$g ¶ L'K�F
Y�F$D<F/K2C�X9X�P0N6C-Y'K2C?BH9F$D0U�GMIoF	E$H��RF$G�C��'µÁ �<z�C'DR?tC_?BH�K�F$E	U�H9L�Dhg��+WBF
?TH�K�F$E	U�F�?�?BH���d<GMH9LD�IRC"K2C?BH9Y�O¹YH9A�F$G^U�WBF�?TF$GMH9YD<F/K�U�WBF�c,K�F$F�?BL�O
U�LVC"UMU2C�E2Ws?TH9��F/K�F$D0U�GMF$O_C'D0U�H\E	G�U�LtY�K2C�?BH9F$D0U�A�C�X9d<F	G$g��SF_W<C"AF
GMWBL�Z[D�U�Z+L�F	uBC'O-I<X9F$G`L�cTY�K2C�?BH9F$D0U6dBG�C�Y�Fg ��H9YdTK�Fl¨��E"¬�H9O-IBX\H9E$H�U�X�P
?TF$I<H9E	U�Gb]<H9DRC"KMP}A�C�X9d<F$?}Y�K2C?TH9F$D0U�G$g»q�D�LdTKfGMF$DBGML�KfD<F	U�Z+L�K�k1G$N
Y'K2C?TH\F	D1U�GaWRC�A�FmU�Z+LSA�C�X9dBF$G-U�WRC'Ub?TF	U�F	K�O-H9D<FmF	A�F$D0U-K�F$IoL�KMU�H9DBY
K2C"U�Fg�q�DsL'U�W<F	KaGMF$DBGML�KaD<F/U�Z+L'K�k1G$N[Y�K2C?TH9F$D0UbA�C�X9dBF$G_O-H\Y�W0U_]oF
dBGMF�?QU�LBN�c�L�K_F	uBC'O-I<X9FN4IBK�L]<C�]BH\X9H9G#U�H9E�C�X9X�Psc�L�KMZ+C'K2?s?BC'U2C�C�X9LDBY
?TH���F	K�F$D0U�I<C'U�W<G$N�C�E2W<H9F$A1H9D<YtGML�O-FfO-F�C'GMdBK�FaL�c@X\LC?w]RC'X,C'D<E$H9DBY
�3��H9Y�dBK�F�¦�¬/g

q�D�GMdBO-O_C'KMP0NoH9D0U�F	K�F$G#U�IBK�L�IRC'Y�C'U�H9L�DSGMF	U�G�d<I�G#U2C'U�F�H9DVU�W<F�DBF	UMe
Z�L�K�k ��L'KfI<C'KMU�GaU�W<F	K�F$L'c2¬_U�LSc)C�E$H9X9H�U2C'U�F ¯�I<dBX\X9H9D<YJ?TL"Z[DB³J?<C'U2C
U�L�Z+C'K2?BG�U�WBF�GMH9D<kog-�+WBF-H\D0U�F	K�F	G#U�IBK�LI<C�YC'U�H9LD�K�dBX9F$G�C'K�FmÁ9��{�µÁ N
C'DR?a]oF�C'KlGMLO-F@K�F$GMF$O�]BX\C�D<E	F^U�L@¢#L�H9DnIBK�LI<C�YC'U�H9LDmH9DmGML�O-F^q�DTe
U�F/K�D<F	U�O�d<X�U�H9E�C�G#U7K�L�dBU�H9D<Y^ITK�L�U�L0E$L�X9G
� §���g4jDBF�E	K�dBE$H\C�XR?TH���F	K�F$D<E	F
H9G[U�WRC"U3¢�LH9DnIBK�L�IRC'Y�C'U�H9L�DVE$C�DmX9F$A�F/K2C�YF�dBD<H9E�C�G#UlK�LdTU�H9D<Y�U2C']<X9F$G
U�Lj?BH�K�F$E	Uo¢�LH9D<G�U�L�Z+C'K2?BG7GML�dBK�E$F	G$NZ[W<F/K�F�C�G�H9D0U�F	K�F$G#U�IBK�L�IRC'Y�C'U�H9L�D
E$C�D<DBL�U�g

q�D�U�W<H9G�GMF	E	U�H9LDhN1Z�F@W<C"AF@?TF$GME	K�H9]oF�?-H9D0U�F	K�F$G#U+ITK�LI<C�Y�C"U�H9LD_K�d<X9F$G
c�L�K�C-IRC"KMU�H9E$d<X\C'K�U�PTIoF�L'c4U2C'GMkog ¶ L�K�F�Y�F$D<F/K2C�X9X�P0N6C-GMF$DBGML�K�DBF	UMe
Z�L�K�k-O_C$P�GMdBI<IoL'KMU+O_C�D0P�?BH���F	K�F$D0U4U2C�GMk�U�PBIoF	G$g�q�D0U�F	K�F$G#U4IBK�L�IBe
C'Y�C"U�H\L�D�K�dBX\F	G^O_C$Pm]oF�?TH���F	K�F$D0Ujc�L�K�?TH9��F/K�F$D0UjU2C�GMkbU�PTIoF$G$g �<L'K
F/u<C'O-I<X9FNTC�U2C�GMk�U�PTIoF@L'chU�WBF@c)L'K�O ¯ ��Ld<D0U+U�WBF@D1dBO�]oF	K4L�c6?BH9G#e
U�H9DBE	U7c)L�dBKMe X9F$YY�F�?�C'D<H9O_C�X9G7H9D�K�F$E/U2C�D<Y�X9F�"wGMF$F	D�L"A�F	K�U�WBF�DBF	u1U !
GMF	E$LD<?BGM³�E�C'D<D<L'U3X\F	A�F	K2C�Y�F+U�W<F�F$AF$D0U�?<C"U2C@K2C'U�FlC�G�L�dBK3F	uBC�O-IBX\F
?TL0F$G$gV°jL�Z+F	A�F	K�N�GMLO-F-F	X\F	O-F$D0U�G�L'c@H9D0U�F	K�F$G#U�IBK�L�IRC'Y�C'U�H9L�D�C"K�F
GMH9O-H9X\C'K�U�La]oL�U�Wh�jU�W<F�c�L�K�O¹L'c+U�W<F�E�C�E2W<F�F$D0UMK�H\F	G$NhU�WBF�H9D1U�F/K�F$G#U
K�F/e�?TH9G#UMK�H\]BdBU�H9LD_K�d<X9F$G�z/| {"¿\g4>@G+I<C'KMU�L'c6L�dBK+c�dBU�dBK�FlK�F$GMF�C"K�E/W`NTZ�F
WBLIoF�U�LfE$d<X9X7U�W<F$GMF-GMH9O-H9X\C'K�H�U�H9F$G�H9D1U�LmC�v�x ~��1��x����QGMdB]<G#UMK2C'U�F_C"U
F$C�E2W�D<L1?TFN'GML@U�W<C'U7GMF$DBGML�K�DBF	U�Z�L�K�k�?BF	GMH\Y�D<F	K�G7E$C�D�dBGMF+ClX\H9]TK2C'KMP
L'c�H9D1U�F/K�F$G#U�ITK�LI<C�Y�C"U�H9LD�U�F$E2W<DBH,®0dBF$G���L�K�N�c�L�K3U�WRC"U4O_C"UMU�F	K�N'K�d<X9F$G
?TH9GME$d<GMGMF�?-H9D�U�W<F�GMdB]<GMF�®0dBF$D0U4GMF	E	U�H9LD<G3c)L'K�?<C"U2C^IBK�L0E$F	GMGMH\DBY�C�DR?
K�F	H\DTc)L'K�E$F$O-F$D0U/¬�c)L'Kj?TH���F	K�F$D0U�U2C�GMk_U�PTIoF$G$g

3.3 Data Propagation>�GMF$D<GML'K_D<L1?BFbU�WRC'U�H\G�Z[H�U�WBH\DwU�W<FbGMIoF$E$H��RF$? MDKBNXGSIBK�L0E$F	GMGMF$G
H9D0U�F	K�F$G#U�G�C�G�?TF$GME	K�H9]oF�?�H9DVU�W<F�ITK�F$A1H\L�d<G�GMF$E/U�H\L�Dhg_q�D�C�?<?BH�U�H9LD`N
U�W<F�DBL1?BF^U2C'GMkTGlH�U�G[X\L0E$C�X�GMF$DBGML�K�G[U�L-]oF$YH9DmE	LX9X9F$E	U�H9D<Y_G�C�O-IBX9F$G$g
q�DbU�W<H9G[IRC�IoF/K�N<Z+F�?TL�D<L'U@?BH9GME$d<GMG[U�W<F�?TF	U2C�H9X9GlL�c7U2C'K�Y�F	UlK�F$E$LY'e
D<H�U�H9LD�C�X9Y�L�K�H�U�W<O-G$g�¤4K�H9F	ªBP0N4U�WBF$GMFfC'X9YL�K�H�U�WBO-G-GMH\O-IBX�PQO_C'U�E2W
G�C�O-IBX9F�?_Z+C�A�F	c)L'K�O-GlC�Y�C'H9D<G#U@C�X9H9]BK2C"KMPbL'c7IBK�F/e�G�C'O-I<X9F�?�N1G#U�L�K�F�?
Z�C�A�F/c)L�K�O-G$gQ�+W<H9G�H9G�]RC'GMF�?wLDQU�W<FaL]BGMF	K�AC"U�H9LDwU�WRC'U�Cmc)LdTKMe
X9F$YY�F�?JC�D<H9O_C'X�WRC'G�Ct?BH���F	K�F	D1U�C�E	Ld<G#U�H9EbL�K�GMF	H\GMO-H9E_c)L0L'U�IBK�H9D0U
U�WRC'DhNRc�L�K�F/u<C'O-I<X9FN�C-W1d<O_C'Dm]oF$H9D<YTg^�+WBF�G�C'O-I<X9F�?mZ�C�A�F/c)L�K�O
O_C$PfO_C"U�E/WbU�W<F�G#U�L�K�F�?mZ+C"AF	c)L'K�O U�L_A�C'KMPTH9D<Y-F	u1U�F$D0U�G �<U�WBF�C�X�e
YL'K�H�U�W<O-G�d<GMd<C�X9X�PSC'GMGML0E$H\C'U�FbCn?BF$Y'K�F$F-L�c[E$L�DB�R?BF$DBE$F�Z[H�U�W�U�W<F
O_C'U�E2Whg*�<dBKMU�WBF	K�O-L�K�F�N�U�W<F[H9D0U�F$D<GMH�U�P�L�c`U�W<F[G�C'O-I<X9F�?�Z�C�A�F/c)L�K�O
O_C$PtK�Ld<Y�W<X�P�H\D<?BH9E�C"U�Fb?TH9G#U2C�D<E	FaL'c�U�W<F�GMH9Y�DRC�X�L�K�H9YH9DhN7U�WBLdBYW
IoF	K�W<C�I<G[DBL�Ul?BH�K�F$E/U�H\L�Dhg

> GMF$D<GML'KnD<L1?TF�U�WRC"Ut?BF/U�F$E	U�GnCQU2C'K�Y�F	UtGMF�C'K�E2W<F	GnH9U�GfH\D0U�F	K�F	G#U
E�C'E/WBF[c�L�K+C^O_C'U�E2W<H9D<Y�H9D0U�F	K�F$G#U4F$D0UMKMP0g�q�D�U�W<H9G3E�C�GMFNTC^O_C"U�E/WBH9D<Y
F$D0UMKMPQH9G-LDBFbZ[WBLGMF MDKDNOGSF$DBE$LO-I<C�GMGMF$G�U�WBFfGMF$DBGML�K_X9L0E�C'U�H9L�DhN
C�D<?�U�W<F GIH6JBK�L�c`U�W<FlF$D0UMKMP-O_C'U�E2W<F$G�U�W<F@?BF/U�F$E	U�F�?�U2C'K�Y�F	U+U�PBIoF�g
��WBF$DmH�U@�<DR?TGlL�D<FN<H�UjE$L�O-I<dTU�F$G+U�W<F�W<H9Y�W<F$G#U[K�F�®0d<F	G#U�F�?mF$A�F$D0U
K2C'U�FbC�O-L�D<YVC�X9X+H�U�G�LdBU�Y�LH9D<YVY�K2C�?BH9F$D0U�G$g��+W<FaD<L1?BF-U2C'GMkTG�H�U�G
GMF$DBGML�K�GMdB]<G#PTG#U�F$O¡U�L_YF$DBF	K2C'U�F�F$A�F$D0U@G�C�O-I<X9F$G@C'U@U�W<H9GjWBH9YW<F	G#U
?<C"U2C�K2C"U�Fg3q�DaLdBK+F	uBC�O-I<X9FN1U�WBH\G[?BC'U2C�K2C'U�F�H9G�H9D<H�U�H\C�X9X�P�¨jF$A�F$D0U
IoF	K3GMF$E$L�DR?f��dBD0U�H\X0K�F$H9DTc)L�K�E	F$O-F$D0U�H9G�C'I<I<X9H9F�?�N � F	E	U�H9LD-¦1g � ¬/g��+W<F
GMLdTK�E$F@U�WBF$D_GMF$DR?TG�U�L�F�C�E2WaD<F$H9YW1]oL'K+c)L'K+Z[W<L�O H�U�WRC'G+C�Y�K2C�?BH�e
F$D0U�N<C�DfF	A�F$D0Ul?BF$GME/K�H\ITU�H9LDmF$AF	KMPaGMF$E$LD<?fL�c6U�W<F^c)L'K�Om�
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�+W<H9G�v�µ�| µbO-F	GMG�C�YF�H9G$N�H9DmF	��F$E/U��Nod<DBH\E$C�G#U@H\D<?BH9A1H\?BdRC'X9X9PbU�L�U�W<F
K�F$X9F$A�C�D0U[D<F	H\Y�W1]oL�K�G$g

> D<L1?TF^U�WRC"U@K�F$E	F$H9A�F$G@Ca?BC'U2C�O-F$GMG�C'YF�c�K�L�O H�U�GlD<F$H9Y�WT]oL'K�G^C"UMe
U�F$O-ITU�G@U�Lb�<DR?VCbO_C"U�E/WBH\DBYbH9D0U�F	K�F$G#U^F$D0UMKMPtH\D�H�U�G�E�C�E2W<Fg��+W<F
O_C'U�E2W<H9DBY�K�d<X9F�H\GjC�G@?BF$GME/K�H\]oF$?tH9DmU�WBF�ITK�F$A1H9Ld<GlIRC"K2C�Y'K2C�I<W`g[q�c
D<LVO_C'U�E2WwF	uTH9G#U�G$N�U�W<Fb?<C"U2CVO-F	GMG�C�YFfH\G�GMH\X9F$D0U�X�P�?TK�L�I<IoF�?�gQq�c
CmO_C'U�E2W�F/uBH9G#U�G$N7U�WBF-D<L1?BF-E2W<F	E/k1G�U�W<Ftv�µ'| µ�{�µ�{ :<zfC'GMGML0E$H\C'U�F�?
Z[H�U�WfU�W<F�O_C"U�E/WBH9D<Y�H9D0U�F	K�F$G#U@F$D0UMKMP0g3�+W<H9GlE�C�E2W<F�kF$F$I<G�UMK2C'E/kaL�c
K�F$E$F	D1U�X�PnGMF	F$DV?<C'U2C_H�U�F$O-G$g^q U^W<C�GjGMF	A�F	K2C�X7IoL'U�F$D0U�H\C�X7d<GMF	G$N�LD<F
L�c�Z[WBH\E2WnH9G@X9L0L�IVITK�F$A�F$D0U�H9LD`g+q c3C-K�F	E$F$H9A�F�?n?BC'U2C�O-F$GMG�C'YF�WRC'G
CtO_C'U�E2W<H9D<Y�?<C"U2CVE�C'E/WBFfF$D0UMKMP0N�U�W<Ff?<C"U2CVO-F$GMG�C'YFmH9G�GMH9X9F$D0U�X�P
?TK�L�I<IoF�?�gb@U�W<F	KMZ[H9GMFN6U�W<F�K�F$E	F$H9A�F�?�O-F$GMG�C'YF-H9G�C?B?BF�?tU�LfU�W<F
?<C"U2C�E�C'E/WBFtC�D<?wU�WBFn?<C"U2C�O-F$GMG�C'YFnH9G-K�F	e GMF$D0U�U�L�U�WBFmD<L1?TF½ G
D<F	H\Y�W1]oL�K�G$g

¤4P�F	uBC�O-H9D<H9D<YjH9U�G4?<C"U2C^E�C�E2W<F�N1C^D<L1?TFlE$C�D_?BF/U�F	K�O-H9D<F+U�W<F[?BC'U2C
K2C'U�FbL�c@K�F$E$F$H9A�F�?wF$A�F	D1U�G��"gw�6LtK�F	e GMF$DR?JCtK�F	E$F$H9A�F�?J?<C"U2CVO-F$G#e
G�C�Y�FN<C�DBL1?BF@D<F$F�?TG4U�L�F	uBC�O-H9D<F�U�WBFjO_C'U�E2W<H9DBY�H\D0U�F	K�F	G#U�F$D0UMKMP�½ G
Y�K2C�?BH9F$D0U+X9H9G#U�g�q�c`C'X9XoY�K2C?TH9F$D0U�G�WRC�A�FlC�?BC'U2C^K2C'U�F[U�WRC"U�H9G�Y'K�F�C'U�F/K
U�WRC'DmL�KlF�®0d<C�X�U�L�U�W<F^K2C"U�F�L�c�H9D<E$L�O-H9D<Y�F$AF$D0U�G$NTU�WBF�D<L1?TF�O_C�P
GMH9O-I<X�PSGMF	DR?SU�W<F_K�F$E$F$H9A�F$?J?BC'U2CnO-F$GMG�C'YFbU�LnU�WBFfC'I<IBK�L�IBK�H\C'U�F
D<F	H\Y�W1]oL�K�G$g °jL�Z+F	A�F	K�N�H�c�GML�O-FmY�K2C�?BH9F$D0U�G_WRC�A�FnC�X9L�Z+F/Kf?BC'U2C
K2C'U�FVU�WRC'D�L�U�W<F/K�GS��E�C�dBGMF�?�]0P}GMF$X9F$E	U�H9A�F	X9P�K�F	H\DTc)L'K�E$H9D<YJIRC'U�WBG$N
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� F$E	U�H9LDm¦Tg � ¬/NBU�W<F$D_U�W<F�DBL1?BF^O_C$PVv������R{2�'� ��z/y2|�U�L�U�W<F�C'I<ITK�L�e
ITK�H\C'U�FlY�K2C?TH9F$D0U�g��<L�K4F	uBC�O-IBX\F�N�E$L�D<GMH\?BF	K+C�D<L1?BF�U�W<C'U4WRC�G3]oF$F$D
K�F	E$F$H9A1H\DBY�?<C"U2C�C'U[¨�©�©^F$A�F$D0U�G�IoF	K3GMF$E$L�DR?`N]<dTU4L�D<F�L'c�H9U�G�Y'K2C?BH�e
F	D1U�G��2z�¿ ¾0¿\À`GMF	U@d<If]1PfC-GMF$E$L�DR?mGMH9D<kbL�K�H9YH9DRC"U�H9D<YbC�DnH9DR?TH\G#U�H9DBE	U
U2C'GMkbZ[H�U�WtC�X\C'K�Y�F	K�TXWIGDK6MIZBS6[�¬lH9G@C'U���©�F$A�F	D1U�G[IoF	K@GMF$E$L�DR?�g+q�D
U�WBH9G�E�C�GMFNTU�W<F@D<L1?TFjO_C$P_LDBX9P-UMK2C'D<GMO-H�U�F$AF	KMP_C�X�U�F	K�D<C'U�F�F$AF$D0U
U�L�Z+C'K2?BG�U�W<F�E$L�KMK�F$GMIoL�DR?TH\DBYnD<F$H9Y�WT]oL'K�gm>lX�U�F	K�DRC"U�F$X�P0N�H�U�O-H\Y�W0U
H9D0U�F	K�IoL�X,C"U�FaU�Z+LnGMdBE$E$F$GMGMH9A�F_F$A�F	D1U�G�H9DwC�DwC'I<IBX\H9E�C"U�H9LDBe GMIoF$E	H9�<E
Z+C$Ps��H9D�L�dBK�F	uBC'O-I<X9FNhH9U�O-H9YW0U�E2W<L0L�GMF�U�W<F�G�C'O-I<X9F�Z[H�U�W�U�WBF
WBH9YW<F/K@E	LDB�R?BF$DBE$F^O_C"U�E/WR¬/g

�`L0LI_IBK�F	A�F$D0U�H9LD-C'DR?-?BL�Z[DBE$LD1A�F	K�GMH9L�DaH9X9X9d<G#UMK2C"U�FlU�WBFlIoL�Z�F	K+L'c
F	O�]oF�?B?BH9D<Y[C'I<I<X9H9E�C"U�H\L�D�GMF$O_C'D0U�H\E	G6H9D�C�X9X1D<L1?BF	G��3��H9YdTK�F+¦�¬/g�>@X�e
U�WBLdBYWmU�W<H9Gl?BF	GMH\Y�DtH\GlD<L'UlIoF	KMU�H9D<F$D0UlU�L�UMK2C?TH9U�H9L�DRC�X6D<F	U�Z+L�K�k1G$N
H�U�H9G�c�F�C�GMH9]BX\F_Z[H�U�WQC�IBI<X9H9E�C'U�H9L�DBe GMIoF$E$H��RE_GMF$DBGML�K�D<F	U�Z+L'K�kTG$gbq�DTe
?TF$F�?�NTC�G�Z�FjGMW<L�Z�H9D � F$E/U�H\L�D � g � NBH�U+E�C'DbGMH9YDBH��RE�C'D1U�X�P_H9O-IBK�L"A�F
DBF	U�Z�L�K�kaIoF	KMc)L'K�O_C�DBE$Fg

3.4 Reinforcementq�DJU�WBFfGME2W<F$O-F_Z+FfWRC�A�Fb?BF$GME	K�H9]oF�?JGMLVc)C'K�N+U�WBFfGMH9D<kQH9DBH9U�H\C'X\X�P
?TH���d<GMF$G�C'DbH9D0U�F	K�F$G#U4c)L'KlC�X9L�Z�F$A�F	D1UMe�K2C"U�F@DBL�U�H��RE�C"U�H9LDV�#¨jF$AF$D0U
IoF/K�GMF$E	LDR?<¬/g�jD<E$F-GML�dBK�E$F	G�?BF/U�F$E	U�CmO_C'U�E2W<H9D<YfU2C"K�YF	U�N�U�WBF	P
GMF	DR?�X9L�Z�e K2C"U�F[F$A�F$D0U�G$N0IoL�GMGMH\]BX�P-C�X9L�D<Y�O�dBX9U�H9IBX\F�IRC'U�WBG$N�U�L�Z�C"K2?BG
U�WBFSGMH9D<kog >lc�U�F/KnU�W<FSGMH9D<k�G#U2C"KMU�GmK�F$E$F$H9A1H9D<YsU�WBF$GMFSX9L�Z ?<C'U2C
K2C"U�FnF$A�F$D0U�G$N4H�Uny�z/x)���$��yM{2z/�nL�D<FmI<C'KMU�H9E$dBX,C"KaD<F$H9YW1]oL'K_H\D�L�K2?TF	K
U�Lt¯�?TK2C$ZÄ?BL�Z[DB³�WBH9YW<F/K�®0dRC'X\H�U�Pm��W<H9Y�W<F	K+?<C'U2C^K2C"U�F"¬3F$AF$D0U�G$g�q�D
Y�F$D<F/K2C�X�NU�WBH\G6D<L"A�F$X�c�F�C'U�dTK�F�L�cR?BH�K�F$E	U�F$?�?TH9��dBGMH9LD�H\G�C�E2W<H9F$A�F�?�]0P
vµ�| µbv'y/x ��z/�fX9L0E�C�X�K�d<X9F$G$g�jD<F@F	uBC�O-IBX\FlL�c6GMd<E2WfC�K�d<X9F^H9G+U�L�K�F	e
H9DTc)L�K�E	F[C�D0P�D<F	H\Y�W1]oL�K7c�K�L�OrZ[W<H9E2W�ClD<L1?TF4K�F$E$F	H\AF$G�C@ITK�F$A1H\L�d<GMX�P
dBD<GMF$F	D�F$AF$D0U�g��6L_K�F$H9DBc�L�K�E$F�U�WBH9G^D<F$H9Y�WT]oL'K�N�U�W<F�GMH9DBkfK�F	e GMF$DR?TG
U�WBF_L�K�H9YH9DRC'X�H9D1U�F/K�F$G#U�O-F$GMG�C'YFa]<dTU�Z[H�U�WJCmGMO_C�X9X9F	K TXWDGDK6M6ZBSI[
��WBH9YW<F/Kj?BC'U2C�K2C"U�F"¬/�
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�}W<F$D U�W<FSDBF$H9YW1]oL�K�H9D<Y�D<L1?TFSK�F$E$F$H9A�F$GmU�WBH9GVH9D0U�F	K�F$G#U�N�H�UtDBL�e
U�H9E$F	G�U�WRC"U�H9U�C�X�K�F�C�?TP�WRC�G�CmY'K2C?BH9F$D0U�U�L�Z�C'K2?TG�U�WBH\G�DBF$H9YW1]oL�K�g
�BdBKMU�W<F/K�O-L�K�FN�H�U-DBL�U�H9E$F$G�U�W<C'U�U�W<FaGMF$DR?TF	K�½ G�H9D1U�F/K�F$G#U�GMIoF$E	H9�<F$G
CQWBH\Y�W<F	Km?<C"U2C�K2C'U�FtU�WRC�D�]oF/c)L�K�F�g»q c�U�W<H9GbDBF	Z ?BC'U2C�K2C"U�F�H9G
C'X9GML�W<H9YWBF	K+U�W<C�D-U�WRC"U+L�c�C�D0P-F	uTH9G#U�H9D<Y�Y�K2C?TH9F$D0U���H9D1U�dBH�U�H\AF$X�P0N0H�c
U�WBFm¯�L�dBUMª<L"Z[³�c�K�L�OpU�W<H9G�D<L1?TFjWRC'G�H9D<E	K�F�C'GMF�?R¬/NTU�W<FjD<L1?BF@O�dBG#U
C'X9GMLtK�F	H\DTc)L'K�E$FfC"U�X9F�C'G#U�L�D<F_D<F$H9Y�WT]oL'K�gn°jL�Z ?BL0F$G�H�U�?TLfU�W<H9G2²

�+W<F-DBL1?BF�dBGMF$G�H�U�G�?BC'U2CfE$C�E2W<F�c)L'K�U�W<H9G�I<dBK�IoL�GMFga>@YC�H9DhNhU�W<F
G�C�O-FlX9L0E�C�X�K�d<X9FlE/WBLH9E$F$G[C'I<IBX9P0g*�<L�K+F	uBC�O-I<X9FNU�W<H9G+D<L1?TFjO-H9YW0U
E2W<L0LGMF�U�WRC"UjDBF$H9YW1]oL�Klc�K�L�O Z[WBLO H�U@�BK�G#U@K�F$E	F$H9A�F�?fU�W<F�X\C'U�F	G#U
F$A�F	D1U@O_C'U�E2W<H9DBY_U�WBF�H\D0U�F	K�F	G#U�g�>@X�U�F	K�D<C'U�H9A�F$X�P0NoH�UjO-H\Y�W0U^E2W<L0LGMF
C�X9XoDBF$H9YW1]oL�K�G3c�K�LO¸Z[W<H9E2W-D<F	ZsF$A�F$D0U�G���Z+F	K�F[K�F$E$F$D0U�X�P�K�F$E	F$H9A�F�?
�)U�W<H9G^H9GjU�WBF�C'X�U�F	K�DRC"U�H\AF�Z+F�F$A�C�X9dRC"U�F�H9D � F$E	U�H9LD � ¬/g��+WBK�LdBYW
U�W<H9G7GMF�®0dBF$D<E$F4L�coX9L0E�C'XBH9D0U�F	K2C'E	U�H9LD<G$N0C@IRC"U�W�H9G7F$G#U2C']<X9H9GMW<F�?�c�K�LO
GMLdTK�E$F^U�L�GMH9D<k_UMK2C�DBGMO-H9GMGMH\L�Dfc)L'KlW<H9YWn?BC'U2C�K2C"U�F�F$A�F$D0U�G$g

�+W<F-X9L0E�C'X4K�dBX\F�Z+F_?BF	GME	K�H9]oF�?SC�]oL"A�F�NhU�WBF$DhN3�	z	Á\z�{	|��aµ'��z,� &Rx)y,$
x�{�µÁ)Á �bÁ9����v0z	Á9µ�� &Tµ�|�:��3��H9YdTK�F_«T��]R¬@GMW<L�Z[G^U�W<F�IRC"U�WVU�W<C'UjE�C�D
K�F$GMdBX9U�Z[W<F$DSU�WBF-GMH9D<k�K�F	H\DTc)L'K�E$F$G�U�WBFaI<C'U�WR¬/gtq�U�H9G�A�F	KMPVK�F�C'E	e
U�H9A�F_U�L�E2WRC'D<YF	G�H9DJI<C'U�WJ®0dRC'X\H�U�P �4Z[W<F$DBF$A�F	K�LDBFfIRC"U�WJ?BF$X9H9A0e
F	K�GaC�DsF$A�F$D0U�c)C�G#U�F	KaU�WRC'DsL�U�WBF	K�G$N�U�W<FfGMH\DBkJC'UMU�F$O-ITU�G�U�LSd<GMF
U�W<H9G-I<C'U�W�U�LS?TK2C$Z ?BL�Z[D}WBH\Y�W}®0dRC'X9H9U�P�?<C'U2C1g�°jL�Z�F$A�F	K�N�]oF/e
E�C'd<GMF�H�U�H9GjUMK�H9Y�YF	K�F�?t]0PfK�F$E	F$H9ATH9DBYbL�D<F�DBF	Z F$AF$D0U�NRU�W<H9GjE	Ld<X\?
]oF�Z�C'G#U�F	c)dBX�L�c�K�F$GML�dBK�E$F$G$g ¶ L'K�F�GML�I<W<H9G#U�H9E�C"U�F�?nX\L0E$C�X�K�d<X9F$G@C'K�F
IoLGMGMH9]BX\Ft�3��H9YdTK�F-¦�¬/N6H9D<E$X9dR?TH9D<YmE2W<L0L�GMH\DBYfU�WRC"U�D<F$H9Y�WT]oL'K�c�K�LO
Z[W<H9E2WJU�WBFfO-L�G#U-F$A�F$D0U�G�W<C�A�Fb]oF	F$DJK�F	E$F$H9A�F�?�N+L�K-U�W<C'U-DBF$H9YWTe
]oL�K[Z[WBH\E2Ww{����<��x)��|�z/�B|�Á �fGMF$D<?BG[F$A�F	D1U�G�]oF/c)L�K�F�L'U�W<F	K@D<F$H9Y�WT]oL'K�G$g
�+W<F	GMF^E/WBLH9E$F$G+UMK2C�?BF@L��mK�F�C'E	U�H9A1H9U�P-c)L'K�H9D<E	K�F�C'GMF�?bG#U2C']<H9X9H�U�P �TF	u1e
I<X9L'K�H\DBY�U�W<H9GhUMK2C�?BF$L'��K�F�®0d<H�K�F$G`GMH9YDBH9�<E�C�D0U6F	uTIoF	K�H9O-F$D0U2C'U�H9LD�C'DR?
H9G�U�W<F�GMd<]1¢#F	E	UlL�c�c�dBU�dBK�F^Z�L�K�kog

�+W<F�C'X9YL�K�H�U�WBO�?BF$GME	K�H9]oF�?fC�]oL"A�F^E�C'DbK�F$GMdBX�U@H9DbO-L�K�FjU�W<C�DaLD<F
IRC"U�Ww]oF$H9D<YnK�F$H9DBc�L�K�E$F�?�g �<L�K�F	uBC�O-IBX\F�N4H�clU�W<FaGMH9D<k�K�F$H9DTc)L�K�E	F$G
D<F	H\Y�W1]oL�K � N�]<dTU3U�WBF$D�K�F$E	F$H9A�F$G4C^D<F	Z�F$A�F$D0U7c,K�LO¸D<F$H9YW1]oL'K
	_N
H�U�Z[H9X9XRK�F$H9DBc�L�K�E$FjU�WBF[IRC'U�W�U�WTK�LdBYW�	�'g�q�c�U�W<FlIRC"U�W�U�WBK�LdBYW�	
H9G6E$L�D<GMH9G#U�F$D0U�X�P�]oF	UMU�F	K4�#x ¿)z�¿9À�	�GMF$D<?BG`F$A�F$D0U�G`]oF	c)L'K�F � ?BL0F$G2¬/N"Z+F
D<F	F�?nC�O-F$E2WRC�DBH9GMO�U�Lm�oz�¾�µ�|�x ��z	Á �fyMz/x)�(�	��yM{2z�U�WBF�IRC'U�WmU�WTK�LdBYW
� g

jD<F[O-F$E2WRC'D<H9GMO c)L'K+DBF$Y�C"U�H\AFlK�F$H9DTc)L�K�E	F$O-F$D0U�H9G3U�L^U�H\O-F[L�dBU�C�X9X
W<H9Y�Wt?<C'U2C�K2C"U�F�Y'K2C?TH\F	D1U�G@H9DmU�W<F�D<F	U�Z+L'K�kfd<DBX9F$GMGlU�WBF	PnC"K�F�F	u1e
I<X9H9E$H�U�X�P�K�F$H9DBc�L�K�E$F$?`g7��H�U�W�U�W<H9G4C�IBIBK�L�C'E/W`N0U�W<F�GMH9D<k�Z+L�d<X\?-IoF	K�H�e
L1?BH9E�C'X9X9P�K�F$H9DTc)L�K�E	F�D<F	H\Y�W1]oL�K�	_N"C�D<?�E	F�C�GMF3K�F$H9DBc)L'K�E$H9D<Y@D<F$H9YW1]oL'K
� g�+WBF+IRC"U�W�U�WTK�Ld<Y�W � Z+L�d<X\?�F	A�F$D0U�dRC'X\X�P�?TF$Y�K2C�?BF+U�L@U�WBF+X9L�Z
?<C"U2CaK2C"U�Fg�>lD<L'U�W<F	K�C'I<ITK�L�C�E2WhNhC'DR?�L�D<F�U�WRC'UjZ+F�F$A�C�X9d<C'U�F�H9D
U�W<H9G�I<C�IoF	K�NhH9G^U�LfF	uTI<X9H9E$H�U�X�P�?BF$Y'K2C?BF�U�W<F�I<C'U�WtU�WBK�L�d<YW � ]1P
K�F	e GMF$D<?BH9D<Y[U�W<F4H\D0U�F	K�F	G#U�Z[H�U�W�U�W<F4X9L"Z�F	K3?<C"U2ClK2C"U�Fg6��WBF$D � K�F/e
E$F$H9A�F	G�U�WBH9G7H\D0U�F	K�F	G#U�N�H�U3?BF$Y'K2C?TF$G�H9U�G7Y'K2C?TH\F	D1U�U�L�Z�C"K2?BG7U�W<F4GMH9D<kog
�<dTKMU�W<F	K�O-L'K�FN�H�c@C�X9X�H�U�G�Y�K2C�?BH9F$D0U�G�C"K�FbDBL�Z X9L�Zp?BC'U2CfK2C"U�FN �
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DBF$Y�C"U�H9A�F$X�P�K�F	H\DTc)L'K�E$F$G�U�WBLGMF-DBF$H9YW1]oL�K�G�U�WRC"U�WRC�A�F�]oF$F	D�GMF$D<?Te
H9DBY�?BC'U2CfU�LtH�U�C"U�CnWBH\Y�Ww?<C"U2CfK2C'U�Fg��+W<H9G�GMF�®0d<F$DBE$F_L�clX9L0E�C�X
H9D0U�F	K2C'E	U�H9LD<G-F	D<GMdBK�F	G�U�WRC"U�U�W<FaIRC"U�WwU�WTK�LdBYW � H\G_?TF$Y�K2C�?BF�?
K2C'I<H\?BX�P0NB]<dTUlC'U�U�W<F�E	LG#UlL�c7H9DBE	K�F�C�GMF$?fK�F$GMLdTK�E$F�dBU�H9X9H9��C'U�H9LD`g

�hLnE$LO-IBX\F/U�FaL�dBK�?BF	GME	K�H9IBU�H9LDwL�c[DBF$Y�C"U�H9A�F-K�F$H9DBc)L'K�E$F$O-F$D0U�N�Z�F
DBF$F�?nU�LbGMIoF	E$H�c�PnZ[WRC"U�X9L0E�C�X7K�d<X9F�CaDBL1?BF�dBGMF$G^H9DVL�K2?BF/K^U�Lf?TF	e
E	H,?TF�Z[W<F	U�WBF	K4U�L�DBF$Y�C"U�H9A�F$X�P�K�F$H9DTc)L�K�E	FjC^DBF$H9YW1]oL�K4L�K4D<L'U�g7ijL'U�F
U�W<C'U^U�WBH9GjK�d<X9F�H9G^L'KMU�W<L�YLD<C�X�U�LaU�WBF�E2W<L�H9E$F�L�c�O-F$E2WRC�DBH9GMO c�L�K
DBF$Y�C"U�H9A�F@K�F$H9DTc)L�K�E	F$O-F$D0U�g4jD<FlI<X\C�dBGMH9]<X9FjE2W<L�H\E	F@c)L'K�GMd<E2WaC�K�dBX9F
H9GjU�L_DBF$Y�C"U�H\AF$X�PmK�F$H9DBc�L�K�E$F�U�WRC'UjD<F$H9Y�WT]oL'Kjc,K�LO Z[WBH9E/WtD<L_DBF	Z
F	A�F$D0U�G4W<C�A�F[]oF$F$D�K�F$E$F	H\AF�?n�#x ¿)z�¿\À1L'U�W<F	K4D<F$H9Y�WT]oL'K�G�W<C"AFlE	LD<GMH9G#e
U�F	D1U�X�PbGMF$D0UlF$A�F$D0U�G[]oF	c)L'K�F�U�W<H9G@DBF$H9YW1]oL�K/¬�Z[H�U�W<H9DtC�Z[H9DR?TL�ZrL'c
- F$A�F$D0U�G�L'K+U�H9O-F�.�g��+WBFjX9L0E�C�X�K�d<X9FlZ+FjF	AC'X\d<C'U�F@H\D � F	E	U�H9LD �
H9G^]<C�GMF�?tLDVC-U�H9O-F�Z[H9DR?TL�Z L�c!.�N�E/WBLGMF$DnU�La]oF�«-GMF$E$L�DR?BGjH\D
L�dBK�GMH9O�d<X\C"U�H\L�D<G$g � d<E2WQCfK�d<X9F_H9G�Cm]BH�U�E	LD<GMF/K�AC"U�H\AFbC'DR?�F	DBe
F/K�Y�PVH9D<F	·-E	H\F	D1U�g �<L�K�F	uBC'O-I<X9FNhF$A�F$DVH�c�LDBF�F$A�F$D0U�H9DVU�F$D�Z+C�G
K�F	E$F$H9A�F�?n�<K�G#U@c�K�LO D<F$H9Y�WT]oL'K)/�NoU�W<F�GMH\DBkfZ[H9X9X7D<L�U^D<F$YC'U�H9A�F$X�P
K�F	H\DTc)L'K�E$FbU�W<C'U�D<F$H9Y�WT]oL'K�g�@U�W<F	K�A�C'K�H\C�D0U�G�H9D<E$X9dR?TF_D<F$YC'U�H9A�F$X�P
K�F	H\DTc)L'K�E$H9D<Y�U�W<C'U�DBF$H9YW1]oL�K�c�K�LO¸Z[W<H9E2Wac�F	Z+F	K[DBF	Z}F	A�F$D0U�G�W<C"AF
]oF	F$DQK�F$E$F$H9A�F�?�g � H9YDBH9�<E�C�D0U�F	uTIoF	K�H9O-F$D0U2C'U�H9LDQH9G�K�F$®1dBH�K�F�?S]oF	e
c�L�K�Ft?TF$E$H\?BH9D<Y�Z[W<H9E/W�X9L0E�C�XlK�d<X9FnC�E2W<H9F$AF$GaC�DsF	D<F	K�Y'P�F/·-E$H9F$D0U
Y�X9L]RC'X6]oF$W<C�ATH9L'K�g

q�Dw?BF$GME/K�H\]BH9D<YnK�F$H9DBc�L�K�E$F$O-F	D1U�GMLnc�C"K�N4Z�FbO_C$P�WRC�A�FaC�IBIoF�C'K�F�?
U�LfH\O-IBX9H\E	H9U�X�PV?TF$GME	K�H9]oF_CbGMH9D<Y�X9F	e GMLdBK�E	FaGME	F$DRC"K�H\LTg_q�Dtc�C'E	U�N6U�WBF
K�dBX9F$GlZ�F�WRC�A�F�?BF	GME	K�H9]oF�?bZ+L'K�kbZ[H�U�WmO�d<X�U�H9I<X9F�GMLdTK�E$F$G$g��hL-GMF$F
U�WBH9G$N7E$LDBGMH\?BF	K ��H9YdBK�Fa«1��E"¬/gf>@GMGMd<O-F�H\DBH�U�H,C'X9X9P�U�WRC"U�C'X9X�H9D<H�U�H\C�X
Y'K2C?TH\F	D1U�G�C"K�F�X9L�Zw?<C"U2C[K2C"U�Fg�>lE$E$L�K2?TH9D<Y[U�LlU�WBH\G`U�LIoL�X\L�Y�P0N�?<C'U2C
c,K�LOp]oL'U�W_GMLdBK�E	F$G+K�F�C�E2W<F	G+U�W<FlGMH\DBk-A1H,C�]oL�U�W_L'c�H�U�G+D<F	H\Y�W1]oL�K�G
0 C�D<? ( g7q clLD<FaL�clU�W<F_DBF$H9YW1]oL�K�G$N4G�C$P 0 W<C�G�E$LDBGMH\G#U�F	D1U�X�P
X9L�Z+F/K-?BF	X,C$P0N6LdBK�K�dBX\F	G�Z[H9X9X+LDBX�P�K�F$H9DTc)L�K�E	F_U�WBF-IRC"U�W�U�WBK�L�d<YW
0 �)U�W<H9G4H\G+?BF$IBH\E/U�F�?-H\D-U�WBFl�<YdBK�F�¬/g7°jL�Z+F	A�F	K�N1H�chU�WBF[GMH\DBk�W<F$C'K�G
	_½ GjF$A�F	D1U�G[F�C"K�X9H\F/K^A1H\C ( NR]BdBU � ½ GlF$A�F	D1U�G21�F�C"K�X9H\F/K^A1H\C 0 N<U�WBF
GMH9DBkVZ[H9X9X+C"UMU�F$O-IBU^U�Lm?TK2C$Z»?BL�Z[DSW<H9Y�WQ®0dRC�X9H�U�P�?BC'U2CfG#UMK�F�C'O-G
c,K�LO \���|�:bDBF$H9YW1]oL�K�G���DBL�U�GMW<L�Z[Do¬/g�q�D_U�WBH9G+E�C�GMF�NBU�WBF@GMH9D<k-Y�F	U�G
]oL'U�WtGMLdBK�E	F$G$½h?<C'U2C�c,K�LO ]oL'U�WtD<F$H9YW1]oL'K�G$N6C-IoL'U�F$D0U�H,C'X7GMLdTK�E$F
L'c6F	D<F	K�Y'P�H9D<F	·�E$H9F$D<E	P0g��@F$H9DTc)L�K�E	F$O-F$D0U4K�dBX9F$G4U�W<C'U�C�A�L�H\?�U�W<H9G�H9G
U�WBF�GMd<]1¢#F$E/U@L'c�c)dTU�dBK�F^Z�L�K�kog

� H9O-H\X\C"K�X9P0N�H�c<U�Z+LjGMH9DBkTG7F/uBITK�F$GMG�H\?BF	D1U�H9E�C'X1H\D0U�F	K�F	G#U�G$N�LdTK�H9D1U�F/K�F$G#U
ITK�LI<C�Y�C"U�H9LDhNY�K2C�?BH9F$D0U7F$G#U2C']<X9H9GMW<O-F$D0U�C'DR?�K�F$H9DBc)L'K�E$F$O-F$D0UhK�d<X9F$G
Z�L�K�k-E$L'KMK�F$E	U�X�P0g7��H�U�W<L�dBU�X\L�GMG�L�chYF$DBF	K2C�X9H�U�P0NBC'GMGMd<O-F[U�WRC'U�GMH9D<k
3 H\D ��H9YdTK�F�«T��?<¬�WRC�G+C�X�K�F�C?1P_K�F$H9DBc)L'K�E$F�?mC�W<H9YWb®0dRC'X\H�U�P_IRC'U�W
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U�LbU�WBF�GML�dBK�E$Fg�ijL'U�F�WBL"Z�F$A�F	K�N�U�W<C'U�L�U�WBF	K�DBL1?BF$G^E	LD0U�H9DTdBF�U�L
K�F$E$F	H\AFjX9L�Z ?<C'U2C�K2C'U�FjF$A�F$D0U�G$g���WBF$DaC�W1dBO_C�D-LIoF/K2C'U�L�K�U2C'GMk1G
U�W<FVD<F/U�Z+L'K�k}C"UmGMH9D<k87 Z[H�U�W C�DÄH\?BF	D1U�H9E�C'X^H9D0U�F	K�F$G#U�N)7 E�C�D
d<GMF�U�W<F�K�F$H9DBc)L'K�E$F$O-F$D0U^K�dBX9F$G^U�LfC'E/WBH9F$A�F�U�WBF�I<C'U�WVGMW<L�Z[Dhg��6L
?BF/U�F	K�O-H9D<F_U�W<FfF	O-I<H�K�H9E�C�X9X�PJ]oF$G#U-IRC"U�WhN�7 ��z�zMv��o��|��4µ�x)|�c)L'K
?<C"U2C"��K2C'U�WBF	K�N1H�U�E�C�D_dBGMFjH�U�G+?BC'U2C�E�C�E2W<FlU�L�H9O-O-F�?TH\C'U�F$X�P-?1K2C$Z
?BL�Z[DmWBH9YWm®0d<C�X9H�U�Pf?<C'U2C�U�L�Z�C'K2?TG@H�U�GMF$X�c�g

� L�c�C'K�NBZ+F�W<C"AF�?BF$GME/K�H\]oF$?fGMH�U�dRC'U�H9L�D<G[H9DfZ[W<H9E2WfK�F$H9DBc�L�K�E$F$O-F	D1U
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DBF	U�Z�L�K�kog ��X9L0L1?BH9D<YJH9GmC�Z+C'U�F	K�O_C"K�k�c)L'Kn?TH9K�F	E	U�F�?�?BH���dBGMH\L�D �
H�clU�W<F_X\C'UMU�F	K�H\G�D<L'U�GMH9YDBH9�<E�C�D0U�X�PQO-L'K�FbF$DBF	K�Y�P�F	·-E$H9F$D0U�U�WRC�D
ª<L0L1?BH9D<YTNTH9U4E�C'D<D<L'U+]oFlE$LDBGMH\?BF	K�F�?-A1H\C�]BX\F[c)L'K+GMF$DBGML�K�D<F	U�Z+L�K�k1G$g
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�@C'U�WBF	K�N<Z�F�E$F$D0UMK2C�X9X�PmE$L�O-I<dTU�FjU�W<F�?BH9G#UMK�H9]<dTU�H9LDfUMK�F$F	GjC'DR?n?BL
DBL�UbC�GMGMH9Y�D F	D<F	K�Y'PsE$L�G#U�GaU�LSU�WBH9GaE	LO-I<dTU2C'U�H9LD`g jO-DBH9GME$H9F$D0U
O�d<X�U�H9E�C�G#U�C'I<ITK�L"uTH9O_C'U�F	X9PVH9DR?TH9E�C'U�F$G�U�WBF�IoF	KMc)L'K�O_C�DBE$F_C�E2W<H9F$A0e
C']<X9FnH9D�C�D�q# 7e ]RC�GMF$?sGMF$D<GML'KaD<F	U�Z+L�K�kog���Fmd<GMFmU�WBH\G_GME2W<F$O-F
U�L�YH9A�FmU�WBFbK�F�C�?BF	KaGMLO-FbH9D1U�dBH�U�H\L�D�c�L�KaW<L�Z�LdTK_O-F$E2WRC�DBH9GMO
E2W<L�H9E$F$GlH\O-I<C�E	U[IoF/KMc)L�K�O_C'D<E$F�g
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C�G�Cmc)d<DBE	U�H9LDQL'cjDBF	U�Z�L�K�k�GMH9�$F�gQjO-DBH\GME	H\F	D1U�O�d<X�U�H9E�C�G#U�?BH9GMGMH�e
IRC"U�F$GaCSX9H9UMU�X9FnX9F$GMG_U�WRC'D�C�WRC'X�c�C�G_O�dBE/WJF$D<F/K�Y�P�IoF	KaIRC�E2k�F	U
IoF	K�D<L1?TF_U�W<C�DSª<L0L1?BH9D<YTg�q U�C�E2W<H9F$A�F$G�GMd<E2WSF$DBF	K�Y�PQF/·-E$H9F$D<E/P
]0Pw?BF	X\H9A�F/K�H\DBY�F$AF$D0U�G-C�X9LDBYSCtGMH9D<YX9FnI<C'U�Wwc�K�LO F�C�E2W�GML�dBK�E$F
U�LmF$AF	KMPtGMH9D<kog_�^H�K�F$E	U�F�?�?BH���d<GMH9LD�WRC'G�DBL�U�H9E$F�C']<X�P�]oF	UMU�F	K�F$DTe
F	K�Y'PtF	·-E$H9F$DBE	PnU�WRC'D�L�O-D<H9GME$H9F$D0U�O�dBX�U�H\E$C�G#U�g �<L'K�GMLO-F�GMF$D<GML'K
�RF	X,?TG$N�H�U�G�?BH9GMGMH9IRC"U�F�?�F$DBF	K�Y�PtH9G�LDBX�P�¥�©�� U�W<C'U�L'c�LO-DBH\GME	H\F	D1U
O�dBX�U�H\E$C�G#U�gr>@G-Z[H�U�W�LO-D<H9GME$H9F$D0U_O�d<X�U�H9E�C�G#U�N[H�UfC�X9GMLwC�E2W<H9F$A�F	G
GMH9YDBH9�<E�C�D0UjF$D<F	K�Y'PnG�C�A1H\DBYG@]1PaK�F�?Td<E$H9D<Y-U�WBF�D1dBO�]oF	K[L'c�I<C'U�W<G
L"A�F	K^Z[WBH9E/WtK�F�?BdBDR?BC�D0U�?BC'U2C_H\G�?TF$X9H9A�F	K�F�?�g�q�DVC?<?TH�U�H\L�DhN6?BH���dBe
GMH9LDJ]oF$D<F/�<U�G�GMH\Y�D<H��RE$C�D0U�X�PSc�K�L�O x)� $ �oz/|����'y��Sµ�¾�¾�yMz ¾�µ'|�x����<gSq�D
LdTK^F	uTIoF	K�H9O-F$D0U�G$NRU�WBF�GMLdBK�E	F$G�?BF	X\H9A�F/K^H\?BF$D0U�H9E�C'X7X\L0E$C'U�H9LDVF$G#U�H�e
O_C'U�F	G$N7C�D<?�H9D0U�F	K�O-F�?TH,C"U�F�DBL1?BF$G-����& &Ry�z/���a?Td<I<X9H9E�C"U�F�X9L0E�C'U�H9LD
F$G#U�H9O_C'U�F	G$g3�+W<H9G�E$L�KMK�F	GMIoLDR?TG+U�L�U�WBFjGMH�U�dRC"U�H\L�DbZ[WBF	K�FjU�W<F/K�FjH9G$N
c)L'K+F	uBC'O-I<X9FN1C^GMH9D<Y�X9Flc�LdBKMe X9F$Y�YF�?aC�DBH\O_C'XBZ[H�U�W<H9D-U�W<F�GMIoF	E$H��RF�?
GMd<]Te�K�F$YH9LD`g
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D<F$C'K�X�P��RAF[U�H9O-F$G4O-L�K�FlF$D<F/K�Y�P-F	·�E$H9F$D0U�U�WRC'D-LO-DBH\GME	H\F	D1U�O�dBX9e
U�H9E�C�G#U/² ��H�K�G#U�N6]oL'U�W�GME2W<F$O-F	G^F	uTIoF$DR?nE$L�O-IRC"K2C�]<X9F/�}C�D<?VDBLDTe
D<F	YX9H9YH9]<X9F/�sF$D<F/K�Y�PSX9H9G#U�F$DBH\DBYbc�L�K�UMK2C�DBGMO-H\GMGMH9L�D<G$g � F	E$LD<?`NhLdBK
E2W<LH9E$FaL�c[K�F$H9DTc)L�K�E	F$O-F$D0U-C'DR?SD<F	Y�C'U�H9A�F_K�F$H9DBc�L�K�E$F	O-F$D0U�K�F$GMdBX�U�G
H9DQ?BH�K�F$E/U�F�?S?BH���dBGMH\L�D�c�K�F$®1dBF$D0U�X�P�?1K2C$Z[H\DBYt?BL�Z[DSWBH\Y�WQ®0dRC'X\H�U�P
?<C"U2C�C�X9LDBY�O�dBX9U�H9IBX\F�I<C'U�WBG$N�U�W<F	K�F	]1P�F	uTIoF$D<?BH9D<Y^C?<?TH�U�H\L�DRC'X<F$DTe
F	K�Y'P0g � IoF$E$H��<E�C�X9X�P0N3LdBK�K�F$H9DBc�L�K�E$F	O-F$D0U�K�d<X9F-U�WRC"U�K�F	H\DTc)L'K�E$F$G-C
D<F	H\Y�W1]oL�K-Z[W<L�GMF$DR?TG_C�DBF	Z �#x ¿)z�¿\À[ITK�F$A1H9Ld<GMX�PwdBD<GMF$F$DR¬�F$A�F$D0U
H9G�A�F/KMPQC�Y�Y�K�F$GMGMH9A�F�g#��LD1A�F/K�GMF$X�P0N�LdBK�D<F$YC'U�H9A�F_K�F$H9DBc�L�K�E$F$O-F	D1U
K�d<X9FN1Z[WBH\E2WaD<F$YC'U�H9A�F$X�P-K�F$H9DBc�L�K�E$F	GlDBF$H9YW1]oL�K�G+Z[WBL�L�D<X�P_E$L�D<GMH9G#e
U�F$D0U�X�PVGMF$DR?V?BdBI<X9H9E�C'U�Fn�#x ¿�z�¿\À�ITK�F$A1H\L�d<GMX�PVGMF$F$DR¬�F	A�F$D0U�G$N6H9G�A�F	KMP
E$L�D<GMF	K�A�C'U�H9A�Fg
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U�L�L�O-D<H9GME$H9F$D0U[O�dBX9U�H9E�C'G#U�g3�+W<H9GlH\G[F$DBE$LdTK2C�Y�H\DBYBg��6L-C��BK�G#UlC�ITe
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H9D<Y�U�W<FjX9L�Z�?BF$X\C$P_IRC"U�W<G$g�°@L"Z�F$A�F	K�N1U�WBF^?BF	X,C$P_F	uTIoF	K�H9F$DBE$F�?a]1P
ªRL0L1?TH9D<Y-H9G^C'X\O-L�G#U^C'DmL�K2?TF	K@L�c3O_C�Y�D<H�U�dR?TF^W<H9YWBF	KlU�WRC�DnL'U�W<F	K
GME2W<F$O-F$G$g��+W<H9G_H\GaC'D}C'KMU�H�c)C�E	UbL�c^U�WBF ¶ >��pX,C$P0F/K��nU�LQC�A�LH\?
]BK�LC?TE�C�G#U�E	LX9X9H\GMH9L�D<G$NoC�K2C�D<?BL�O-X9P�E/WBLGMF$Da?TF$X\C�P_H9G+H9O-IoL�GMF�?-LD
C�X9X ¶ >��s]BK�L�C�?BE�C'G#U�G$g���X9L0L1?TH\DBY�d<GMF	G ¶ >��s]TK�L�C?TE�C�G#U�G[F	uTE$X9dTe
GMH9A�F$X�P0g��^H���d<GMH9L�DbL�D<X�P-d<GMF	G�GMd<E2Wa]TK�L�C�?BE�C'G#U�G+U�L�ITK�LIRC'Y�C"U�FjU�W<F
H9D<H�U�H\C�X3H9D1U�F/K�F$G#U�G$gajDSCaGMF$D<GML'K�K2C?BH9LaU�WRC'U�F	O-I<X9L�PBG^Cm�+� ¶ >
¶ >��4e X,C$P0F/K�N'Z�F4O-H9Y�W1U`F	uTIoF$E/U6ªRL0L1?TH9D<Y�U�L[F	uTW<H9]<H�U6Cl?TF$X\C$P�E$LO�e
IRC"K2C�]BX\F^U�L�U�W<F^L'U�W<F	KlGME2W<F$O-F$G$g
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LD<?BG$gb�+W<F	GMFaDBL1?BF$G�Z�F	K�F-d<DBH9c�L�K�O-X�P�E/WBLGMF$D�c,K�LO¹U�WBF-GMF$D<GML'K
�RF	X,?�N6Z[H�U�W�U�WBF-C?B?BH�U�H9LDRC'X4E	LD<G#UMK2C'H9D1U�U�W<C'U�C�D�F�®0dRC�X7c,K2C�E	U�H9LD
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C�X9GML�U�dTK�D<F�?QL'�}c)L'K-U�W<FfG�C'O-Fm?TdBK2C'U�H9L�Dhg��+W<FmH9D0U�F$D0U�Z+C�G�U�L
E	K�F�C"U�F�D<L1?TF�c)C�H9X9dBK�F$G�H9DVU�WBF�I<C'U�W<G^?BH���d<GMH9LD�H9G^O-LG#U�X9H9k�F$X�PnU�L
d<GMF�N1C�D<?�U�L�E	K�F�C'U�F[K2C�D<?BL�O£c)C�H9X9dBK�F$G�F$X9GMF	Z[W<F	K�FlH9D�U�W<F�DBF	U�Z�L�K�kog
�<dTKMU�W<F	K�O-L'K�FN�dBD<X9H9k�FbU�WBFmIBK�F	ATH9L�d<G�F	uTIoF	K�H9O-F$D0U�N4F�C�E2WsGML�dBK�E$F
GMF$D<?BG[?BH���F	K�F	D1U[X9L0E�C"U�H9LDnF$G#U�H9O_C'U�F	G���E$L�KMK�F$GMIoL�DR?TH\DBY�U�L�U�WBF^GMH�UMe
dRC"U�H9LDSH9D�Z[WBH\E2WSF�C'E/W�GMLdBK�E	FJ¯�GMF$F$GM³V?BH���F	K�F	D1U�C'D<H9O_C�X9G2¬/ga�SF
?BH\?�U�W<H9G�]oF$E�C�dBGMF+U�W<F+H9O-I<C�E	U�L'c�?TPTDRC'O-H9E$G�H9G4X9F$GMG�F$A1H\?BF	D1U7Z[WBF$D
?BH���dBGMH\L�DtGMd<I<ITK�F$GMGMF$G@H,?TF$D0U�H9E�C�X7X9L0E�C"U�H\L�D�F$G#U�H9O_C"U�F$G@c,K�LO L'U�W<F	K
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H\?TF�C�X9H9�$F�?mGME2W<F$O-F@U�WRC'U@?TL0F$GMDh½ U[c�C'E	U�L�KjH\DaU�W<F�E$L�G#UlL�c7K�LdTU�F^K�F	e
E	LO-I<dTU2C'U�H9LD`N1H�U[H\G�DBL�U�F	D1U�H�K�F$X�P_E$X9F�C"K�U�WRC"U�GMd<E2WfC�E$LO-I<C'K�H9GMLD
H9GlO-F�C�DBH9D<Y�c�d<X�g

jdTK[?TPTD<C�O-H9E$G�F/uBIoF/K�H\O-F	D1U4H9O-IoLGMF$G+c)C�H�K�X�PbC?BAF	K�GMFjE$L�DR?TH9U�H9L�D<G
c�L�KfCS?<C"U2CQ?BH9GMGMF$O-H9DRC"U�H9LD}ITK�L�U�L0E$L�X�gr>+UbC�D0PJH\DBG#U2C�D0U�N�¨�©�L�K
«'©fIoF	K�E$F	D1U^L�c+U�WBF�D<L1?TF$G�H9DVU�WBF�D<F/U�Z+L'K�ktC'K�F-dBDTdBG�C�]BX\F�g��<dTKMe
U�WBF	K�O-L�K�F�NlZ�F�?TLQD<L'UfIoF	K�O-H�UbC�D0P ¯�GMF	UMU�X9H9D<YQU�H9O-F$³Q]oF	U�Z+F$F$D
DBL1?BFjc)C�H9X9dBK�F$G$g ��A�F$DfGMLTNR?TH���d<GMH9LDmH9G[C']<X9F^U�L�O_C�H9D0U2C�H9D_K�F�C�GML�DBe
C']<X9FN<H9c�DBL�U[G#U�F$X9X\C'K�NRF$A�F$D0Ul?BF	X\H9A�F/KMP��3��H9Y�dBK�F �T��E"¬M¬�Z[WBH\X9F�H9D<E	dBKMe
K�H9DBYnX\F	GMG�U�W<C�Dw«'©�� C?B?BH�U�H9LDRC'X+C�A�F	K2C'YFa?BF	X,C$P��3��H9YdBK�F �1��]o¬M¬/g
¶ L'K�F$L"A�F	K�N�U�W<F�C�A�F	K2C'YF�?BH9GMGMH9IRC"U�F�?VF	D<F	K�Y'PnC�E/U�dRC�X9X�PSx �
&RyM� ��z/�2N
H9DJGMLO-FaE�C�GMF	G$N+H9DJU�WBFbITK�F$GMF$DBE$FfL'cjDBL1?BFbc)C�H9X9dBK�F$G$g��+WBH\G�H\G�C
]BH�U�E	Ld<D0U�F	KMe H9D0U�d<H�U�H9A�FN6GMH\DBE$F_LDBF�Z+LdBX\?�F	uTIoF$E	U�U�WRC"U�?BH�K�F$E	U�F�?
?TH���d<GMH9LDaZ+LdBX\?aF	uTIoF$D<?-F$D<F	K�Y'P_U�L��<DR?_C�X�U�F	K�D<C'U�H9A�F^I<C'U�W<G$g3>lG
H�U�U�dTK�D<G^L�dBU�N`W<L�Z+F	A�F	K�NhLdBK^D<F$YC'U�H9A�F�K�F$H9DTc)L�K�E	F$O-F$D0U^K�d<X9F$G�C"K�F
E	LD<GMF/K�AC"U�H\AF�F$D<L�d<YW�U�WRC"U4GMF	A�F	K2C�XTW<H9Y�WBe�®0dRC�X9H�U�P�I<C'U�WBG4C"K�F�k�F$ITU
C'X9H\AFnH\DJD<L'K�O_C�X[LIoF/K2C'U�H9LD`g��+W1d<G$N+C'U-U�W<FbX9F$A�F$X9G_L�c^?TPTDRC'O�e
H9E$GaZ+FtGMH9O�dBX,C"U�FN@?BH���d<GMH9L�D�?BL0F$GMD`½ UmD<F	F�?�U�Lw?BLQF/uTUMK2CVZ+L�K�kog
�+WBF�X9L"Z�F	K4F$D<F	K�Y'P�?BH9GMGMH9IRC'U�H9L�D�K�F$GMd<X�U�G7c�K�L�O£U�WBF�c�C'H9X\dTK�F[L�coGML�O-F
WBH9YWBe�®0dRC'X9H9U�PaIRC'U�WBG$g

��FfU2C�kFbU�W<F	GMFfK�F$GMd<X�U�G�U�L�H\D<?BH9E�C"U�FfU�WRC"U�U�W<FbO-F$E/W<C�DBH\GMO-G�H\D
?TH���d<GMH9LDwC"K�F_K�F	X,C"U�H9A�F$X�P�G#U2C']<X9FaC'U�U�W<F-X9F$A�F	X\G�L�cl?1PTDRC�O-H9E$G^Z�F
W<C�A�FmF	uTI<X9L'K�F�?`gÄ¤3P�U�WBH\G�Z�FnO-F�C�DwU�WRC"Ua?BH���d<GMH9L�D�?BL0F$G_DBL�U�N

d<D<?BF	K4?1PBD<C�O-H9E$G$N�H9D<E$dTK4K�F$O_C"K�kC']<X�P�W<H9YWBF	K4F$D<F	K�Y'P�?TH9GMGMH\I<C'U�H9LD
L�KlF$AF$D0Ul?BF$X9H9A�F	KMPb?BF	X,C$PTG$g

4.4 Impact of Various Factors�6LVF	uTI<X\C�H9DQZ[WRC"U�E$L�D0UMK�H\]BdBU�F$G�U�LV?BH�K�F$E	U�F�?w?TH9��dBGMH9LDh½ G�F	D<F	K�Y'P
F	·-E	H\F	D<E	P0N�Z�FVDBL�Z ?TF$GME	K�H9]oFnU�Z�LQGMF$IRC"K2C'U�FtF	uTIoF	K�H9O-F$D0U�G$g q�D
]oL�U�W-L'coU�W<F$GMF[F	uTIoF	K�H9O-F$D0U�G$N�Z+Fl?BL�DBL�U3GMH9O�d<X\C"U�FlDBL1?BF�c�C'H9X\dTK�F$G$g
��H�K�G#U�N�Z+F�E	LO-I<dTU�F4U�WBF+F$D<F/K�Y�P�F	·-E$H9F$DBE	P�L�c�?TH9��dBGMH9LD�Z[H�U�W-C'DR?
Z[H�U�W<L�dBUaC�Y�Y�K�F$YC'U�H9LD`gÄ�@F	E�C�X9X�c�K�L�O � F$E	U�H9L�D � g «VU�W<C'U-H9D�LdBK
GMH9O�dBX,C"U�H9LD<G$NlZ+FVH9O-I<X9F$O-F$D0UaCQGMH9O-I<X9FVC�Y�Y�K�F$YC'U�H9LD G#UMK2C'U�F$Y'P0N
H9DVZ[WBH9E/W�CbDBL1?BF�GMdBI<ITK�F$GMGMF$G�H\?BF$D0U�H9E�C'X4?BC'U2C_GMF$D0U�]0Pt?BH���F	K�F	D1U
GMLdTK�E$F$G$gm>@G ��H9YdBK�Fa¥T��]o¬^GMW<L�Z[G$N3?BH���dBGMH\L�DSF	uTIoF$D<?BG�D<F�C"K�X�P �
U�H9O-F$G�C'G�O�d<E2WQF$D<F	K�Y'P0N�H9DJGMO_C'X9X\F/K-GMF$D<GML'K��RF	X,?TG$N4C�G�Z[WBF$DQH�U
E�C'DsGMd<IBIBK�F$GMG_?Td<IBX\H9E�C"U�F$G$gÄq�DJX\C'K�Y�F	KaGMF$D<GML'Ka�<F$X\?BG$N+U�WBFfK2C'U�H9L
H9Gj¦1g�jdBK[E$L�D<GMF	K�A�C'U�H9A�F�DBF$Y�C"U�H\AF^K�F$H9DBc)L'K�E$F$O-F$D0U[K�d<X9F�C'E$E$LdBD0U�G
c)L'KbU�WBFn?BH���F	K�F	D<E$FnH9D�U�WBFmIoF	KMc�L�K�O_C�DBE$FnL�c�?TH���d<GMH9LDJZ[H9U�WBLdTU
GMd<IBIBK�F$GMGMH9L�DwC�G�Cfc�d<DBE	U�H9LDwL�c[DBF	U�Z�L�K�k�GMH9�$F�gn��H�U�WSU�W<F_G�C�O-F
D1d<O�]oF	K[L�c3GMLdTK�E$F$GjC�DR?mGMH9DBkTG$N<U�W<F�X\C'K�YF/K^D<F/U�Z+L'K�kfW<C�GjX9L�D<YF/K
C�X�U�F	K�D<C'U�F4IRC'U�WBG$g7�+WBF$GMF+C'X9U�F/K�DRC'U�F�IRC'U�WBG�C"K�F4UMK�d<DBE�C'U�F$?^]1P^D<F$Y'e
C'U�H9A�FlK�F$H9DBc�L�K�E$F$O-F	D1U+]oF$E�C�dBGMFjU�W<F/P_E$LDBGMH\G#U�F	D1U�X�Pa?TF$X9H\AF	K�F$A�F	D1U�G
Z[H�U�W-W<H9YWBF	K4X,C"U�F$D<E/P0g�>@G3CjK�F$GMdBX9U�N0U�WBF�X\C'K�YF/K+D<F/U�Z+L'K�k�F/uBIoF	DR?BG
X9F$GMG�F$D<F	K�Y'P�Z[H�U�WBLdBU�GMdBI<IBK�F	GMGMH\L�Dhga�SF�]oF	X\H9F$AF_U�W<C'U�GMdBI<IBK�F	G#e
GMH9LDVC�X9GMLaF	uTW<H9]<H�U�G[U�W<F�G�C'O-F�]oF$W<C�ATH9L'K�No]<dTUlU�WBF�F$D<F	K�Y'Pn?TH9��F/KMe
F$DBE$F�H9G[K�F	X,C"U�H9A�F$X�PfGMO_C'X9X�g

�+W<F_GMF$E	LDR?SO-F	E/W<C�D<H9GMO¹Z[WBLGMF_]oF$D<F/�<U�G�Z+Fa®0dRC'D1U�H�c,P�H9G�D<F$Y'e
C'U�H9A�F�K�F	H\DTc)L'K�E$F$O-F$D0U�ga�+W<H9G�O-F$E2WRC�DBH9GMO¹IBK�dBD<F$G�L'�wW<H9YWBF	K�X,C"e



U�F	D<E	PaIRC"U�W<G$NBC�D<?bE�C'DfE$L�D0UMK�H\]BdBU�F^GMH9Y�D<H��RE�C'D0U�X9PaU�L�F	D<F	K�Y'PbG�C�A0e
H9DBYG$g3q�D-U�W<H9G�F	uTIoF	K�H9O-F$D0U�N�Z�FjGMF$X9F$E/U�H\AF$X�PaU�dTK�D_L��tD<F	Y�C'U�H9A�FlK�F	e
H9DTc)L�K�E	F$O-F$D0U[C�D<?-E$LO-I<C'K�F[U�W<FjIoF/KMc)L�K�O_C'D<E$F@L�c6?BH�K�F$E	U�F$?b?TH9��dTe
GMH9L�DaZ[H�U�WaC�D<?-Z[H�U�WBLdBU4K�F$H9DBc�L�K�E$F$O-F	D1U�g�q�D0U�d<H�U�H9A�F$X�P0N�L�D<F[Z+LdBX\?
F/uBIoF	E	UlD<F$YC'U�H9A�F�K�F$H9DBc�L�K�E$F$O-F	D1UlU�L�E$L�D0UMK�H\]BdBU�F�GMH9YDBH9�<E�C�D0U�X�PfU�L
F	D<F	K�Y'P�G�C"A1H9D<Y�G$g�q�D<?BF$F�?�N'C�G ��H9YdTK�F�¥B��C¬6GMW<L�Z[G$N0?TH���d<GMH9LD�Z[H�U�WBe
L�dBUaD<F	Y�C'U�H9A�FmK�F	H\DTc)L'K�E$F$O-F$D0UaF	uTIoF$DR?TG-D<F�C"K�X�P�U�Z[H\E	FtC�GaO�d<E2W
F	D<F	K�Y'PJC�G�Z[WBF$DwD<F$YC'U�H9A�FbK�F	H\DTc)L'K�E$F$O-F$D0U�H9G�F	O-I<X9L�P0F�?`gS�+W<H9G
GMdBYY�F$G#U�G�U�WRC'U^F$A�F$DtLdTK�E$L�D<GMF	K�A�C'U�H9A�F�D<F$YC'U�H9A�F�K�F$H9DTc)L�K�E	F$O-F$D0U
K�dBX9F$G-IBK�dBD<FaL���I<C'U�W<G�Z[W<H9E2Ws?TF$X9H\AF	K-E$L�D<GMH9G#U�F$D0U�X�PwW<H9YWBF	K_X\C'e
U�F	D<E	P0g

q�D�U�W<FlC']<GMF$DBE$F[L�c`D<F$YC'U�H9A�F�K�F$H9DBc�L�K�E$F	O-F$D0U4L'K+GMdBI<IBK�F	GMGMH\L�DhN1?TH�c�e
c�d<GMH9LD`½ G�?TF$X\C�P�H9D<E	K�F$C�GMF$GV]0P�c�C�E/U�L�K�GVL�c�U�WTK�F$FSU�L}F$H9YW0Uw�)U�WBF
Y'K2C�IBW<G�C"K�FfDBL�U�H\DBE$X9dR?TF�?�c)L'K-X\C�E2kSL�clGMIRC'E$F"¬/g��+W<H9G�H9G�C'DJC'KMe
U�H�c)C�E	U�L'c4U�WBF P�©�«1g9¨�¨ ¶ >���X\C$P0F	K�g�q�Dt?BH���d<GMH9LD`Nh?<C'U2C-UMK2C'·�E�H9G
UMK2C'D<GMO-H�UMU�F�?Qd<GMH9DBY ¶ >��¸dBD<H9E�C'G#U�gJ>@G�O-L'K�FbI<C'U�WBG�C'K�Fbd<GMF�?
��H9DSU�WBF_C�]<GMF	D<E$F-L'c@DBF$Y�C"U�H9A�F�K�F$H9DBc�L�K�E$F$O-F	D1U/¬/N�L�K�O-L�K�F-E$L�I<H9F$G
L'c+?BC'U2C_C'K�F�GMF$D0U��)Z[H�U�W<L�dBUjGMd<I<ITK�F$GMGMH9LDR¬/N ¶ >
�4e X\C$P0F	KjE/W<C�D<DBF$X
E	LD0U�F$D0U�H9LD}H9D<E/K�F�C�GMF$G$N�K�F	GMd<X�U�H9D<YSH9D}]<C�E2k�L���G_C'DR?�GMdB]<GMF�®0dBF$D0U
?TF$X\C$PBG$g

��H9D<C�X9X�P0N0Z+FlF$AC'X9dRC'U�F[U�W<FlGMF$DBGMH9U�H9A1H�U�P-L'c`LdBK�E$LO-I<C'K�H9GMLDBGj� � F$E	e
U�H9L�D � g «�¬4U�L�LdTK�E2W<LH9E$FjL�c7F$DBF	K�Y�P_O-L1?TF$X�g � F$DBGMH�U�H\A1H�U�P_L'c7?TH9��dTe
GMH9L�D�U�L^L�U�WBF	K7c�C'E	U�L�K�Gl��D1d<O�]oF	K�G6L'coGMH9D<k1G$N�GMH9�$F�L'coGMLdTK�E$F+K�F$YH9L�Do¬
H9G@?BH9GME$dBGMGMF�?fH9DfY'K�F�C'U�F	Kj?BF/U2C�H9XhH9D ��¨�¨���g

q�DbL�dBK[E$L�O-IRC"K�H\GML�D<G$N1Z+FjGMF$X9F$E	U�F�?_K2C?BH9L�IoL�Z�F	Kl?BH9GMGMH9IRC"U�H\L�DfI<C'e
K2C'O-F	U�F	K�GjU�LbO-L�K�F�E$X9LGMF$X�PVO-H9O-H\E�K�F�C'X\H9G#U�H9E-GMF$DBGML�K�K2C?TH9LG ��¨�¦�� g
��F�K�F	e�K2C�D�U�WBF�E$L�O-IRC'K�H9GML�D<G�L�c � F	E	U�H9LD � g «0N�]<dTU�Z[H9U�W�IoL"Z�F	K
?TH9GMGMH\I<C'U�H9LDbE$LO-I<C'K2C']<X9F@U�L�U�W<F@>3�����J�QC�A�F	X,C'Dh��¨�g ¥"� UMK2C'D<G#e
O-H9GMGMH9LD`Nj¨�g «�� K�F$E$F	IBU�H9LDsC�DR?�¨g9¨ �"� H\?BX9Fg�q�DQU�WBH\G-E$C�GMFN+C�G
��H9Y�dBK�F�¥B��E�¬�GMW<L�Z[G$N<U�WBF�?BH9G#U�H9D<E	U�H9L�Df]oF	U�Z+F$F$DbU�W<FjGME2W<F	O-F$G[?BH9G#e
C'I<IoF�C"K�G$g�q�D�U�W<H9G7K�F$YH9O-FN�Z+F[C'K�F�]oF/UMU�F	K3L��_ªRL0L1?TH\DBY�C�X9XBF$A�F$D0U�G$g
�+WBH9G4H9G�]oF	E�C�dBGMFlH\?TX\F+U�H9O-F�F$DBF	K�Y�P�dBU�H9X9H9��C'U�H9LD-E	LO-I<X9F	U�F	X9P�?BL�O�e
H9D<C'U�F$G�U�WBFbIoF/KMc)L�K�O_C'D<E$FaL�cjC�X9X�GME2W<F$O-F	G$gQ�+W<H9G�H\G�U�W<F_K�F�C�GML�D
Z[W0PwGMF$DBGML�K-K2C�?BH9LG�UMKMPQAF	KMPwWRC"K2?wU�LVO-H9D<H9O-H9�$FbX9H9G#U�F$DBH\DBY�c�L�K
UMK2C'D<GMO-H9GMGMH9LDBG$g

5. RELATED WORK�hLlL�dBKhk1D<L�Z[X9F�?BY�FN�?BH9G#UMK�H9]<dBU�F$?jGMF$D<GML'K�DBF	U�Z�L�K�k1G6W<C"AF7D<L�Uh]oF$F$D
F/uTU�F	D<GMH9A�F$X�PVG#U�dR?TH\F$?�H9D�U�W<F�DBF	U�Z�L�K�k1H9D<YmX9H�U�F	K2C"U�dBK�Fgb°jL�Z+F	A�F	K�N
L�dBK^Z�L�K�knW<C�Gj]oF	F$D�H9DTc)L�K�O-F$?VC'DR?nH9DBª<d<F$DBE$F�?n]0PnC_AC"K�H\F/U�PnL'c
L'U�W<F	K[K�F$GMF$C'K�E2WmF	��L�KMU�G$NBZ[W<H9E2WfZ+F�DBL"Z�?TF$GME	K�H9]oFg

�jH\G#UMK�H9]BdBU�F�?mGMF$DBGML�KjD<F	U�Z+L�K�k1G@C'K�F�C�GMIoF$E$H��<E�H9D<G#U2C'D<E$F�L'c4dB]<H\®�e
dBH�U�Ld<GlE$L�O-I<dBU�H9DBY�C�GlF$D1A1H9GMH\L�D<F�?b]1P_��F$H9GMF	K � « � ��g �3C'K�X�PmdB]<H\®�e
dBH�U�Ld<G[E$L�O-I<dTU�H\DBY�F	��L'KMU�G$NRWBL"Z�F$A�F	K�NR?BH\?bDBL�U@C�IBIBK�LC�E2WfU�W<F�H9G#e
GMdBF$GjL'c�GME$C�X\C�]BX\F�D<L1?TF�E	L0L�K2?BH9D<C'U�H9LD`N`c�L0E$d<GMH9DBYbO-L'K�F�L�DtH\GMGMdBF$G
H9D-U�W<Fl?TF$GMH9YDaC�D<?�IRC�E2k�C�YH9DBY�L'c`GMO_C�X9X�N0Z[H9K�F	X\F	GMG�?BF$A1H9E$F$G$g ¶ L'K�F
K�F	E$F$D0U�F	��L�KMU�G$N6GMd<E2WSC�G���q�i � � ««��+C�D<?� �H\E	LD<F/U � ¦���W<C"AF�]oF	e
Y�d<DJU�L�E$L�D<GMH\?BF	K_DBF	U�Z�L�K�k1H9D<Y�C�DR?JE$LO-O�d<DBH\E$C'U�H9LDwH9GMGMd<F$G-c�L�K
GMO_C'X9X`Z[H�K�F$X9F$GMGj?BF$A1H9E$F$G$g3�+WBF^��q�i � IBK�L"¢#F	E	UlWRC�G[O_C�?BF^GMH9YDBH��<e
E$C�D0U-IBK�L�Y�K�F$GMG-H9DwH\?BF$D0U�H�c�PTH9D<Ytc)F$C�GMH9]<X9FfK2C�?BH9L�?TF$GMH9YDBG�c)L�K�X\L�Z�e
IoL�Z�F	KVF$D1ATH�K�L�D<O-F$D0U2C�X�GMF	D<GMH9D<YTg �+W<F$H�KVIBK�L"¢#F	E	UVWRC�Gmc�L0E$d<GMF$?
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