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Abstract Wireless sensor networks have a lot of application areas such as industrial process
control, machine and resource management, environment and habitat monitoring. One of the main

objects of using wireless sensor networks in these areas is the event detection. To detect events at

a user’s request, we need a join processing between sensor data and the predicates of the events. If

there are too many predicates of events compared with a node’s capacity, it is impossible to store them

in a node and to do an in—network join with the generated sensor data.

This paper proposes a predicate-merge based in—network join approach to efficiently detect multiple
events, considering the limited capacity of a sensor node and many predicates of events. It reduces
the number of the original predicates of events by substituting some pairs of original predicates with
some merged predicates. We create an estimation model of a message transmission cost and apply it
to the selection algorithm of targets for merged predicates. The experiments validate the cost

estimation model and show the superior performance of the proposed approach compared with the

existing approaches.
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Predicate Merge Target Selection (P, m)
P: predicate table m: node capacity

o1 MP €P

02 white ( MP.table_size > m)

03 minLossCost € MAX_INT

04 minLossPair € null

AYse dugdE

05 for each predicate p; in MP

06 for each predicate p; in MP

07 if ( p; = p;) continue;

08 else

09 minLssCost € MIN( PredicateMergeLossCost(MP, p, p;), minLossCost )
10 minLossPair € ( p;, p;)

11 end if

12 end for

13 end for

14 MP.temove( minLossPair )

15 MP.add( MergedPredicate( p;, p;} )
16 end while

17 return MP
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PredicateMergeLossCost(P, p;, p;)

P: predicate table py, p; : predicate pair to merge

01 beforeMergeCost €0, afterMergeCost €0

02 unitMerged € getMergedRegion( P, MBR( p, p;))

03 itRegionOverlap €- getRegionOverlap{ P, MBR( p; )
04 unitSelectivity € getSelectivity( MBR( p,, 7))

05 for each unit region r in MBR( p; p;)
06 afterMergeCost € afterMergeCost +d * Cy, * unitSelectivity{r,.idx)

07 beforeMergeCost € beforeM:

geCost +
d* C{ unitMerged[r, .idx], unitRegionOverlap[ry.idx] ) * unitSelectivity[r,.idx]

08  endfor

09 lossCost € afterMergeCost - beforeMergeCost

10 retwrn lossCost

a7 39 AN oWlE 2A 43} 5WE WP s}
o B oME 24 6WE vEs 4 oY =237
WHoz Qg &4 ugs FIe ¢uEE Pre-
dicateMergeLossCost= 5~8¢] RHIEEJXE= 483 5
HE HYEE DEAE oWE A 61 W Zze
@9 9G4 distd 24 WY AF] wA R Ag n)

< 4F 2dE AMEY T3k, 99 AAe 27
B A% vAR] A dlgd it AzHoz
3 99 HA =1 HY AFY vA R AF HE
9] A7t olE 27 497 5o =4 Witeg Qg

&4 vigo) "},
4. NE W 2y

4.1 &8 #A U Holg

Age] A" A2¥e CPU Intel(R) Core(TM)2
6600 240 GHzolZ RAME 2GBE AMg-3th. 29
A= Windows XP, /g ¢lo}] @ EREozE JAVA
£ AT

B =8 AR WS AEs) 93 T4 A4 M)
Eda AEdoH 848 7P 24 A4 UE
A=A HAA AN ==9 Jgs 10070019, 7tE &5
A2 Fo] 22 10704 Az Fe2 WX 3, £
2 ZA ol e ==F 74 AE 100H, ==

el M2 fAAE 1 RS 5 de B Ade
158 AgstAck AHEA7E Aegt olyles) AHY A
A =29 24 7Med £49 AF 2otk AlgAE

fllo

A9 AFzA oMIES} AR w=re WF A, ¢
dEe] WET g A}

4 dlolEle] AS, JAVAS U4 NS o] g3
4 10019 AA =z 2719 &Ao) diste 0¥ H
100744 B YoM Hym FF #WA7E 50, 109
AT EEZHE 10000718 #E oW AA Hol
Hel 739, 4 44 YEYR d3Fq AF AHEHE
Intel Lab Data[12] FolA 2= Fx Ho|HE A&
53t} Intel Lab Data®] 54709 AA == dHo|H
Zol AEY 347t HL, o)At HolE EXE Role
3709 A x==e tF HoHE AYFHen, YA
51708 AA =29l HolHE 242t 1000078 &3 A
AREEIATE o] FelAM G W) B9 9499 5 2
ZE Yohl7] 93 I2EIPE vEY] M HE
1000719} HelHE AM8-3HHTh

oHES 2 dolHE 7EAHoZ 64707, Hd
el A FatstA stk Agel deiA AA b
olE g} 2 HES ZF3Y] 8, oHE 2o A

= AHe HAE AAM dolEe EX Y d 23HA
2439 dE B0 AA dHolHg 22 &Eo| &
1A dlojele] 2¥ 997 s7ke 2
ojA 1, ¥ o|HE ZAEL A uol

W ZoA dEod 4 UEE ol

t
flo
o

1
g stn, == 7o) g Aol wigsid, HaR 9
=719 v A %
3 29 ZF4 wWET REEDI[4]9] E4F %91 79k
uhHS AMEstdth REEDOIME B4 299 Asg
=o)7] SsiA AA dolE7t AR 83T Y
oME ZAEYW £ HeRAE ¢ F ¥ Bloom
FilterS AM23t1 9t} Bloom Filter® o8&t A&
A7 233 AdY oWE AT ZAHR| Yol I
OF FAYLES FTHE 2ort gl AA dely R
E 059 SE=Z "elEeh 553 240N AEE7)
YA B =R Ae A ¥HE sute] vl
= Hlo]aAHolMeg By Fayl gle AA HoH
£ Bloom Filterg ©}8-3la 059 F&= Tol5doh

4.2 NE 2 Y BY

WA FA 2L A3t AJR AR AL vl B
g vg =Zde HFsv] 3 4¥e sk AA
Hole mAAI|L ojdES ZAEY Wi 2 &
<& HIA JPEA, e A 2AA HAR] A
HlE Zdd) og AA A UEAZY vAR AL
H) g9 o2 Zk Ceot HA AlEHoA o3 v A



302 AR =23) : dolguolX A 36 @ A 4 520098

HA VEZY wAA) AF bl§ CE vasiie o
U o|WE ZHEY g = FEo| tiated 280
o A48 3, [(CC/Cil %2 BT BF AA7) 7
Z} 0.00728% 0.00727F Uttt ol 2 =84 At
& mAA] A4 Blg o= muo] BRIS A¥Hog
ZHs &t

T2 oE 2AY A4
o] &3 wisle] wE A%

sttt ojMES £ 7
wE7 48 £ Qe =24

7b AP oM ==
3tg golrr 9% ?-—l?g
NFE 64AM2 DAAF

9] &L 4NEH 6471177}
A R HUT}. oWE ZHE N AAM Holee z
% &g gty Be BE $3 885, 22 38 A
FRE Wrolr 4zt Ry == Fo)9 @ o
ANA A5 w89 Htg Tl ARE 29 6, 1Y
7, 29 8ollA A=At & RF = g8 HY
< Z¥Z+ 013, 055, 0.94°]c}k. WAl Centralizede

% %A ¥, REED: REEDe 1§ 7)we) &3
Z21 ¥, MERGE= =7 #§ 7ukel =4 whys

m[o

F

Z0E ARE F e == 8] Fr1g
o} 2EHE dAA] de vgo] 2AREE @ 5
= z

a3 21 HE I 2 W] HAFHoR
AR AF vlgo] AT} ol k= & Fuglol

B =M Add =4 ¥t tﬂ’z} deste] AHA
#7b J&E BoFm
2wy A9 ==
7He] B4l Ale) A wEo] == £3Fo] 4,8, 12 ¥
W 2zt 37) 16, 8, 69 IEE A kA B dx
Bloom Filter 71%°] 718 54 54 UYL 218
3tz Qth 2F ¥FAde] slesid 16708 & fadA
T 23 3 ke 2 AR Ase] dojA|e
AL & F ek 53, REED«] IF ke B 2
g He AAM dolee %l #E8o] ¥& %
A PHEGE 459 ‘EOVE
7Igke] 2 WPe REI) & A
AA deolee 2 FEol & A
Hojzzglo| oz = A} 4
3t7] )& REEDY 1§ F4 A=
1EH FH7F B840 gloixn *é—‘s— ] "ojd 4wt
o ¢lok skARE 21 WE sike) 29 wEe »ed

30
vl
=
so}
e
)
Lo
4]
el
o
E
e
22
l‘F Y 1’01'

l~

%°l & 01'2‘_5 £3589 =S A4 w3 s
AEEH7] W& dFs o 9w £ gl

E}%—% A AM dEdzgE Aste AM =8
Hlo|Axuo]d7tA 2] B Awl, & Fold & 4
WIS dolry] AT H4Pe 3}93‘:}. g9 H+E 2

off lo

B A2 AL ¥/ E/F7)

a4

B AR A 2/ e/FT

a4

B2 oA ¥4 b8/ =/FT)

a9

90000 -
wm;
70000
60000 ~+=Centralized |
50000 B ReED (I
wm»rr\ ~&~MERGE |-
o 2
20000 —a
10000 -
0 : — : —
4 8 12 16 20 24 28 32 36 40 44 43 52 56 60 64
LE 8%
6 §A HolEE o8 == fd WE A4
ek s%—e— 22 #££(0.13)
90000
20000 g
70000 —— -
“mWFF#giII——‘*Wm —
50000 ~*~MERGE |
AN
30000 \k***é‘ ‘)i
20000
10000
0 : e : . e
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
LE 2%
7 ¥4 do 1% o] g% k= &% & A
Wzk BE 29 §5(0.55)
250000
—+— Centralized
200000 —=-REED
rﬂ‘\ =i~ MERGE
150000 \
100000 / :
50000
[ . : Py . ey
4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
E3= -1
8 &4 HlolHE o83 == £ wE
wsl e =2 FE099)

=
[

-

OO



AN HEHZAA 82 tbF oHE &

MNZ AN P ASE 1088 1007744 108
Z7IA 2o oME ZASZY g A4 Holge
zd B3 WA Re BF 37 IF, 5o FE
A RF2 oy Azke RRe wEw /Y PR
WAA A w9 AFA PR BE vee
NNEoe @ YiE wee Foiel ARE 19 9, 19
10, 3% 11904 Felsidleh 4 259} 22 %Ee) 3
& 742t 0.16, 0.55, 0.85¢]t)

A w=e) H7 Zolr} Holyd whe

e F7)

1400000 12
- ] T
1200000 ) e Cortralized / 5ot
¥
1000000 ~#—REED 4l 08
» e, g// 4
% 300000 MERGE i
4o ‘// igOﬁ
x / R
% K 04
4 M/’/ =
=3
¥ o M s
-
0+ S S S — 0
455 953 145219.5124.5129.5134.5139.5144.51 4951
HR e Hoj
I9 9 = golo) WE 4% sk
1400000 12
_ Vd T
q 1200000 ~+—Centralized / P
K]
ﬂ 1000000 8= REED 0
4 i mERGE / 4
% 300000 @i'l!
o / ;’owr
& 600000 i
= / Ko
X % 04
—_ X
X 400000 T
% //’/4//(/‘ 5
$ 200000 m 02
-3
0 |- 0
455 953 145219.5124,5129.5134.5139.5144.5149.51
B == Hol
2" 10 =29 Zlold mE A% w3k
1800000 2
) ]
— T 18
»'<\F —*Centralized OR
< 1400000 ¢ 16
N 1200000 A 14
oy mghgrae.
® MERGE » /. ‘l\"g 12
= 1
¥ so0000 é w&
: / T ve
K 600000 =
X X 06
= <
= 400000 ﬂ o4
B 200000 ar% 02
o+ 0

455 953 14.5219.5124.5129.5134.5139.5144514951
B2 &= Aol

303

T BE dAA 2% vl Bolum Yok ol ko
o Zol7} ARl W} WelazEol Mo ke o

AA el

454

AdHas, J-yEg=
& Wy Bast gt AN dolge WAAE Bl
o3 gloH, FPL
BY 24 Y e

Eolrte

A% Wgol F7ks) WRolth 3%

s ge] 274 H3 7)Wre 290 dbgs
REEDY] g 7]dte] EAF 2 whHe =9 Zo)s}

[o]
Z90&

o
=

f=
ER

455 953 1452 19.51 2451 29.51 3451 39.51 4451 4951
g L= ol

e 29 #E(0.16)

455 953 14521951 2451 2951 34.51 39.51 44,51 49.51
B o E Yol

BE 2 5055

455 953 145219.5124.5129.5134.5139.5144 514951
o2& ol

I 11 k=0 Zold me AgF sk 2 2 FE(0.85)

o I RE==a R

=
=

w3 gtk Wg TAEE A
& w=9 Zols} 4



304 AR} =FA

T 2ol T BT P oH viee AR
FAAM HAA HE vge v2A A} A9
REEDS| 2§ 7|ike] B4 2 whge =seof 37
o7k 2L A%, 3% AFTA e AE nlgol
Z7 9% 719 29 HHEY 24 Jew gtk x
B9 Fit o7k & Z§, REEDY 1§ 7|ie] 2
& 3§ TH9ES} AA HolHE ¥t
Eol7ke ulge] te WY

)1

o B3 2Ae d=d o
H3) FiEoes H7) dqFolth

22 AA AlAM de]el2l Intel Lab DataE ©] &%
ARES 28 Aotk WA oWlE =A9) Adr) 1
BE AEoA k2o &3 W3l wE YT HiE
Folny] 9F 2¥L HA AW PAL Y YA
tlole A8 Fdsik e 2 #FE0.10), FUN 2
5049, ¥ 29 FE(094) A £F2 U9
A =29 F1F Hi HFE fAA A$ wg9

Zd¥e= a9 12, 29 13, 2% 149 2tk

A AR B HolE WY wsHA 28 WY
e 2 Pl AN AR A% Hge] 2
o @4 dels Ag% s o4z xd WE 7]
wrel el o e 4%S BAGT ¥+ Atk %
3], ol AYelN REEDS 2§ 7lske) 24 291 %)

=

16000

~ 14000 [ |

g —fo—a\ —

12000

$ 10000 o

5 _

z 000 / \—1 ~®-REED

T P \A ~+—MERGE

R 6000

=z . h—n—-—'—'—&—i—\

E 4000 \\

® 2000 g —
[

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
xE 8%

a9 12 AA HelEE o83 == &3 Wzl uE
4% gk 22 22 8010

RN T
e | e
E s e
S \

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
rE 8%

2% 13 A dioJEE o8¢ = &% 3 s
45 ¥zk 2 2 F§E049)

o] o] EfH ©]

12= A 36 A Al 4 3(20098

40000
—

= 35000 /ﬁ\‘_‘\ . peEp
~*~MERGE |

% 25000 / | S ——
4o 20000
glml/ ‘\\‘
:1mm
® 5000

0

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
= 2%

2¥ 14 A doEE o8 == &F Wzl w&

BE 29 FEME ¢ JFH = 4
AsS ®oli gt} o]AL Intel Lab Datag T
= AN =z NSt Fa, AA =29 HiE
97t 2A Fe Ao FFE W AR T + 4
AFE F4 vlolHE o] &% AN ==
A% Wz AY ZAAes dA g

TAE FejdA] oHE
£ Yolr7] 9% 49&

9% o o

—

1
ol A
o] Zlojd w&
g2 AA =29 830
Z39) Mgl BE QT Es
stk MM w=zeo] oME 27 AR fAL 16712
TN oMIE 279 FFE 8 25670744 8
A Z7AA Bl oflE 7] Jlfrt Eolddl
webr] dA dolee =27 F7)F BE 29 HELS
sojdrh 1= & wAIX FAf HLE s He
o, 28 159 22 A3t Yoo
27 W3 ke Wy oE zHo| Folurigt
T, gotslA HFE WAA A Hl%ol o= v
of, REEDS] #4& =<l W2 wW¢ 4% 223
Aok oWE ZHo] sojurigts 21 W JNk
He fAx A4S HEE HANE 29 F 3
E 2HE9 HFEE 5l AA oWE ZVE
7o) WAIA] HE Hg-o] Frieke] X gt N4
REED®] #4F 2 WHe oWE 21& FhHallor &
A i
9]

0O ox 52 oE

aF9 A717) AR wEA, 2
g0 EoluA ot = AL FHEF & 2F

n{ru

b badn b d

B oY A48/ /R

SEBEEREREE
-




AN VEAZAN £849 OF

AZ17F ARl WA ol ==EH 1S NG §
Bo] Fo50d T A4 IHAY AM dolHE

WolaselolHoR Hilel e ==5o] Solu |
ol 29l sk WAR A% Hlgo] BoluAl Hek

542

B ERANE B4 A4 UEHAY OF ouE g
A 8RN AN =2 ARAN A SFe IBF
354 v Aeks] 99, A8 aFF T
JME ZPEL oME 2 WL B 2AM -
WEYS 2L S By Atatan,

oE ¥3 ANE Ho|aiHoHoZ Ry 43
A E8F WAA AE uge BF 4= mys us
oiX = W figo) He oWE 2ASL A4
Y gt 27 HPo=E A vjaA AL ulg9
F7He H43 @ 4 e WL Aok

WA AE Bl WE 45 2de) B A4
AgHOR Fol Lol W8 Hlng B BES
Ssich. Telm Ak mw ¥s BHE Sisk] A9
5 WY dolesh A4l HolEE o4l sz AT
S TR W dYe 3 }aaoua % Bl B rE

A A P &AL PEHA,

g Ed

[1] K. Romer and F. Mattern, "The design space of
wireless sensor networks,” Wireless Communica-
tions, IEEE, vol.11, no.6, pp.54-61, Dec. 2004.
Salem Hadim and Nader Mohamed, "Middleware:
Middleware challenges and approaches for wire-
less sensor networks,” IEEE Distributed Systems
Online, vol.7, no.3, Mar. 2006.

Yong Yao and Johannes Gehrke, "Query processing
in sensor networks,” Proc. Of CIDR, 2003.

Daniel J. Abadi, Samuel Madden, and Wolfgang
Lindner, "REED: Robust, efficient filtering and
event detection in sensor networks,” Proc Of
VLDB Conference, pp.769-780, 2005.

Samuel Madden, Michael J. Franklin, Joseph M.
Hellerstein, and Wei Hong, "TAG: A tiny aggre-
gation service for ad-hoc sensor networks,” Proc.
of OSDI, pp.131-145, 2002.

Samuel Madden, Michael ]J. Franklin, Joseph M.
Hellerstein, and Wei Hong, "TinyDB: an acquisi-
tional query processing system for sensor net-
works,” ACM Trans. Database Syst., vol.30, no.l,
pp.122-173, 2005.

Shuoqi Li, Sang Hyuk Son, and John A, Stankovic.
"Event detection services using data service
middleware in distributed sensor networks,” Proc
of IPSN, pp.502-517, 2003.

(2]

[3]

[4]

[5]

[61

(7]

[8]

[9]

(101

(111

{121

oW E gz 305

Wenwei Xue, Qiong Luo, Lei Chen 0002, and
Yunhao Liu, "Contour map matching for event
detection in sensor networks,” Proc of SIGMOD
Conference, pp.145-156, 2006.

Xiaoyan Yang, Hock-Beng Lim, M. Tamer Ozsu,
and Kian-Lee Tan, "In-network execution of
monitoring queries in sensor networks,” Proc of
SIGMOD Conference, pp.521-532, 2007.

Burton H. Bloom, "Space/time trade-offs in hash
coding with allowable errors,” Commun. ACM,
v0.13, no.7, pp.422-426, 1970.

Philip A. Bernstein and Dah-Ming W. Chiu, “"Using
semi-joins to solve relational queries,” J. ACM,
vol.28, no.l, pp.25-40, 1981.

Samuel Madden, Intel lab data, http://db.csail.mit.
edu/labdata/labdata.html.

o = &
20069 = stvied AAALNSE A
A8Ag Ak 20099 $H=EHE)Ed
AAANER AT AL BAEF
t 2E9 dog @ AA YEYI b
o] EjH o] 2

EE
AR - HolEH o)A
A3BAA2ZT FR



