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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<DBL
X9L
Y'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$C'U�H9L
DVC�D<?fE$L�O-I<dBU2C"U�H9L
Dhg�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

DBL
O-F$D<CTgrq�DsU�WBH\GaIRC'IoF	K�N[Z+FtF	uTI<X9L'K�FtU�WBFwv�x)yMz�{	|�zMv}v'x ~[•1€�x‚•�ƒ

I<C'K2C�?BH9Y
O„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$D0UMK�H\EfH\DwU�WRC"UaC�X9X[E$L
O-Oˆd<DBH\E$C'U�H9L
DwH9G-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$Z+C'K�F
g‹Š+W<H9G�F$DRC']<X9F$G�?BH�†‡dBGMH\L�DVU�LfC�E2W<H9F$A�FˆF$D<F/K�Y�PVG�C�ATH9DBY
GŒ]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<YŽC�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$O-L'U�F	e GMdBK�A�F	H\X9X\C�DBE$FŒGMF$DBGML�K

DBF	U�Z�L�K�kog

1. INTRODUCTION
q�DVU�WBF�DBF�C'K^c�dBU�dTK�F
NhC
?BA�C�DBE$F$GŒH9DVIBK�L0E$F$GMGML'K�N•O-F$O-L'KMPnC'DR?nK2C'e

?TH9L‰U�F$E2W<DBL
X9L
Y'P‹Z[H9X9XoF$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	L
O-O�dBD<H9E�C"U�H\L�DwC�D<?SGMH\Y�D<H�‘RE$C�D0U‹E$L�O-I<dTU2C'U�H9L
D`gSŠ+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�L
GMF$DBGMH9D<Y'’}C�DŽC�E	U�H9A1H�U�PtH9D“Z[WBH9E/W“CbE$L�X9X\F	E	U�H9L
DSL'c

DBL1?BF$G”E	L0L�K2?BH9D<C'U�FjU�L�C�E2W<H9F$A�FjCˆX\C'K�Y�F	K[GMF$D<GMH9DBYˆU2C�GMk�’sIoL
GMGMH9]<X9F
g

•
d<E2WjU�F$E2W<DBL
X9L
Y'PŒE�C�D^K�F	A�L
X9dBU�H9L�D<H9–$F3H\DTc)L'K�O_C'U�H9L
D�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$gš™hC'K�Y
FŽGME�C�X9F
N�?TPTDRC'O-H9E�C�X9X�P

E2WRC'D<Y�H\DBYBN�C�DR?�K�L
]Bd<G#U”€	z/ƒ<€/•�ylƒ‡z/|�›4•�yMœ'€”E�C'D�]oF[?BF	I<X9L�P0F�?�H\DˆH9DBe

WBL
GMIBH9U2C']<X9FlI<W0PTGMH\E$C�XTF$D1ATH�K�L�D<O-F$D0U�G�GMd<E2W-C�G�K�F$O-L'U�F”Y
F$L�Y�K2C�IBW<H9E

K�F	Y
H9L
DBGŒL�KjU�L�uTH9EˆdTK�]RC'DnX\L0E$C'U�H9L
DBG$g‰Š+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$DBH9Y
DhN�]<dBU4X9F$GMG+C'E$E$F$GMGMH9]BX\F�NBF	DBe

A1H�K�L
DBO-F$D0U�G$•�X\C'K�Y
F�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�E
g

ŠhLbO-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$DBGML�K4D<F	U�Z+L�K�kŒZ[H9X9XBZ�L�K�kaž)Z+F+K�F	‘<D<F�U�WBH\G�O-L1?TF$X1H\D

�

Š+W<H9GaZ�L�K�kJZ”C�GbGMd<IBIoL�KMU�F�?}]0PwU�W<Ft…^F	c�F$D<GMFV>@?BA�C�D<E	F�?sŸlF	e

GMF$C'K�E2W¡ �K�L"¢#F	E	U�GJ>@Y
F	D<E	P£dBDR?BF/KQY�K2C'D1Uw…@>j¤�Š”¥
¦'e�§�§'e�¨	e�©
©1¨
¨�g

>lD0PŒL
IBH\DBH9L
D<G$N�‘RD<?BH9D<Y�G$N�C'DR?�E$L
DBE$X9d<GMH9L
DBG3L'K7K�F$E$L�O-O-F$DR?BC'U�H9L
DBG

F/uBITK�F$GMGMF�?ŽH9DVU�W<H9G�O_C'U�F	K�H\C�X4C'K�F‹U�WBL
GMF‹L'c”U�W<F-C'dBU�WBL�K�G‰C�D<?Ž?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�?

ŸlF$GMF�C"K�E/Wm �K�L"¢#F$E/U�G^>@Y�F$D<E/P0g

• F	E	U�H9L
Da«
¬/g�­jD<F[L�K4O-L�K�F”W1d<O_C'D�L�IoF	K2C'U�L'K�G�IoL
GMF�N0U�LŒC�D0P‹DBL1?BF

H9D-U�W<F[D<F	U�Z+L'K�k‡N0®1dBF$G#U�H9L
DBG�L�c‡U�WBFlc�L�K�Om•^¯�°jL�Z—O_C'D1PˆIoF�?TF$G#UMK�H�e

C�DBGl?BLˆP�L
dfL�]<GMF	K�A
F^H9DbU�W<FjY
F$L�Y�K2C�IBW<H9E�C'X6K�F$Y
H9L�Dm±Œ²$³BNBL�K_¯�Š6F$X9X

O-F-H9DQZ[WRC'U�?BH�K�F$E/U�H\L�DQU�WRC'UˆA�F$WBH9E$X9FaH9DSK�F$Y�H9L
DQ´„H9G�O-L"A1H\DBY
³Tg

Š+W<F	GMF+®0d<F	K�H9F$G`K�F$GMd<X�U6H\D�GMF$DBGML�K�G6Z[H�U�WBH\DŒU�WBF3GMIoF	E$H�‘RF�?^K�F$Y�H\L�Dˆ]oF/e

H9D<Yf| µ'€Mœ�zMvbU�L�G#U2C'KMU@E$L
X9X9F$E	U�H9D<Y-H9DTc)L�K�O_C"U�H9L
DSž • F$E	U�H9L
Dt«�¬/g�­jD<E$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-H9Y
W0UaE$L�X\X\C']oL�K2C'U�F“Z[H9U�W—DBF$H9Y
W1]oL�K�H9DBYJDBL1?BF$G_U�Lw?BH9G�C'O‹e

]<H9Y�dRC'U�F�IoF�?BF$G#UMK�H\C'DŽX9L0E�C'U�H9L�DQL�K�A�F$WBH9E$X9F‹O-L"A�F$O-F$D0Uj?BH�K�F$E	U�H9L
D`g

­jD<FlL�c`U�W<F	GMFjD<L1?TF$G+O-H9Y
W0U4U�W<F$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$NoU�WBH\GŒI<C�IoF	K^F	uBC�O-H9D<F$G^CbD<F/Z¸?<C'U2Ca?BH9GMGMF$O-H9D<C'U�H9L
D

IRC"K2C
?TH\Y�O¹c)L'K�GMdBE/W“GMF$D<GML'KˆDBF	U�Z�L�K�k1G$gaŠ+W<H9G�IRC"K2C
?TH\Y�OmN6Z[WBH\E2W

Z+F�E�C�X9X@v�x)y�zM{	|�zMvtv�x ~”•1€2x�•�ƒ•º�NhH\G�?BC'U2C"e�E	F$D0UMK�H\E�gˆ…^C'U2CbY�F$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�ƒ<|�z/y�z/€�|�€mc�L�K_D<C�O-F�?J?<C"U2CTg•…ŒC'U2C

O_C'U�E2W<H9DBYmU�W<FaH\D0U�F	K�F	G#U‹H9GˆU�WBF$D£¯#?TK2C$Z[DB³“?TL�Z[DwU�L�Z+C'K2?BGˆU�WRC'U

D<L1?TF
g7q�D1U�F/K�O-F�?BH\C'U�F”DBL1?BF$G3E�C'D-E�C�E2W<F
N�L�K3UMK2C�D<G#c�L�K�O»?<C"U2CTN1C'DR?

O_C$Pn?TH9K�F	E	UŒH9D0U�F	K�F$G#U�G^]<C�GMF�?tL
DtIBK�F	ATH9L�d<GMX�PtE�C�E2W<F$?V?BC'U2Ctž
•

F$E/e

U�H9L
Dn¦
¬/g

¼

GMH9DBYsU�W<H9GVE$L
O-Oˆd<D<H9E�C"U�H9L
DrI<C'K2C�?BH9Y
OmN‰L
dTKVF	uBC�O-I<X9FQO-H9Y
W0U

]oFnH9O-I<X9F$O-F$D0U�F�?•C�G-c)L�X9X\L�Z[G$g»Š+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$G”H9DaK�F	Y
H9L
DBGl±˜L�K”´ˆg0•—W<F$DfCˆDBL1?BFjH9DaU�WRC'U”K�F	Y
H9L
D

K�F$E$F	H\A
F$GlC�DfH9D0U�F	K�F$G#U�NBH�UlC�E	U�H9A�C'U�F$G[H�U�G[GMF$D<GML'K�G”Z[W<H9E/Wf]oF$Y
H9DfE	L
X�e

X9F$E	U�H9D<YQH9DTc)L�K�O_C"U�H9L
D—C']oL
dBUaIoF�?TF$G#UMK�H\C�DBG$gr•—WBF$D•U�WBFmGMF$D<GML'K�G

K�F$IoL'KMUlU�WBFŒIBK�F$GMF	D<E$F^L'c�IoF�?BF	G#UMK�H,C'D<G$NBU�W<H9G[H\DTc)L'K�O_C'U�H9L
DfK�F/U�dBK�D<G

C�X9L�D<YŒU�W<F+K�F$A
F	K�GMF”IRC"U�W‹L�c‡H9D0U�F	K�F$G#U4IBK�L�IRC�Y
C'U�H9L
D`g�q�D0U�F	K�O-F�?TH\C'U�F

D<L1?TF$GŒO-H9Y
W0U-µ$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

IoL
H9D0U‰U�W<F_IoF�?BF	G#UMK�H,C'Dh½ G‹X9L0E�C"U�H\L�D•]0P“E$L
Oˆ]<H9D<H9DBYmK�F$IoL�KMU�G‰c�K�L
O

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<GMH9L
D

H9GˆU�W<C'U‹H9D0U�F	K�F$G#U‹C�D<?Q?<C'U2CnITK�L
IRC'Y�C"U�H\L�DsC'DR?QC'Y
Y�K�F	Y�C'U�H9L�D}C'K�F

?BF/U�F	K�O-H9D<F�?‰]1PaÁ9•�{�µ
Á x\Â"zMv‰x�ƒ<|�z/yMµ
{	|�x‚•�ƒ<€�ž�O-F	GMG�C�Y
F[F	uTE2WRC'D<Y
F	G3]oF/e

U�Z�F$F$DmDBF$H9Y
W1]oL�K�G[L'K@DBL1?BF$G”Z[H�U�W<H9DmGML�O-F^A1H9E$H9D<H�U�P<¬/g

…^H�K�F$E	U�F$?Œ?BH�†‡d<GMH9L
DŒH9GhGMH\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 IoL
H9D0U�G$N

C�D<?“H9D0U�F	KMe D<L1?TF�E$L�O-O�d<DBH9E�C'U�H9L
DtH9G�X\C�P�F	K�F�?“L�DŽC'DŽF$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†‡dBGMH9L
DwC�D<?SH9X\X9dBG#UMK2C'U�FaL
D<F_H9D<G#U2C'D0U�H,C"e

U�H9L
D—L'cŒU�W<H9GbI<C'K2C�?BH9Y
OÃc)L'KfGMF	D<GML�Km®0d<F	KMP•?BH9GMGMF$O-H9D<C'U�H9L
DÄC'DR?

IBK�L0E	F$GMGMH9D<YBg-•ŽF�GMWBL"Z£U�W<C'UŒdBGMH\DBYn?BH�K�F$E/U�F�?“?TH�†‡d<GMH9L
D“L
D<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�Ó

Ñ�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$X9H\A
F	KMP0N[F$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�FaGMH9Y
D<H�‘<E�C�D0U‹F	DBe

F/K�Y�PSG�C�A1H9D<Y�G‰Z[WBF$DSH9D0U�F	K�O-F�?BH\C"U�F-D<L1?BF	G�C'Y
Y�K�F	Y�C'U�FaK�F$GMIoL
DBGMF$G

U�L‹®1dBF	K�H9F$G�ž • F$E/U�H\L�D

�

¬/g

2. DISTRIB UTED SENSORNETWORKS
¤4F	c)L'K�FˆZ+F‰?TF$GME	K�H9]oF‰?BH�K�F$E	U�F�?n?TH�†‡d<GMH9L
D`N<Z+F�Oˆd<G#U@?BF$GME/K�H\]oFŒU�WBF

F/uBIoF	E	U�F�?QC'K�E2W<H�U�F$E/U�dBK�F$GˆL�clGMF$D<GML'K‹DBF	U�Z�L�K�k1G$gVŠ6LV?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)L
X9X9L�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
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4. EVALUATING DIRECTED DIFFUSION
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4.4 Impact of Various Factors
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