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XIN Jun-Chang WANG Guo-Ren
(Key Laboratory of Medical Image Computing (NEU) of Ministry of Education, Shenyang 110819)

(College of Information Science and Engineering . Northeastern University , Shenyang 110819)

Abstract  As an important operator for multiple criteria decision making, Skyline node query
plays a very important role in many sensing applications. In this paper, the properties of Skyline
node query are theoretically analyzed, and then a novel approach, called Fllter based Skyline mo-
nitoring algorithm (FIST), is proposed to evaluate the continuous Skyline node query in wireless
sensor networks. Specifically, three filtering mechanisms, including bottom-up filtering, top-
down filtering and hybrid filtering, are introduced. All of them install local or global filters with-
in each sensor to reduce the amount of data transferred among sensor nodes and save the energy
consumption as a consequence. The bottom-up filtering mechanism caches the previous Skyline
results as the local filter to avoid the unnecessary data transmissions, while the top-down filtering
mechanism assigns a hypercube to each sensor node as the global filter to suppress the unnecessa-
ry data updates. Since both bottom-up filtering and top-down filtering have their own pros and
cons, a hybrid filtering mechanism is proposed to choose the “right” filter for each sensor node to
avoid their disadvantages and fully utilize their advantages. Our extensive simulation studies
show that FIST approach can effectively reduce the communication cost among sensor nodes and
save the energy consumption during the continuous Skyline node query evaluation in wireless sen-

sor networks.
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B 1~5 470 s oWk AR I So R A R 5 B K
5 I E AR TR R R Skyline 1 14 J8& 4% 57 51
o GeAr (55 6 47) s 5 MR S S PifE B %
By R ER Skyline T A4 9 5 FERNHOHE 183 A G2 77
[Fi by B30T TH 614 ) 35 Skeyline 35 g 9 J8% 0 Ko (565 7
F10 s 885 P A7 A5 BT 308 B A L Skyline
RS GBS AT s M B Y R Skyline 5
AR 3ok 0 s ] 0 A T] 43 o A B K 6 B AT R BR
P (55 9~ 15 47) s e Ja - #5819 ] & Skyline 352 &
Sh B A M B AR (5 16 47).

=573 WS D [ W RS U )3 = 87

AT ROH B R A M. A7 Cache, A M5 U8 4%

Filter , 7 3 1) B0 B 0% -

Bt s 4RSS F A S U M

1. for each element m in M do //& 3717 A5

2 tempID=tempID+m.S;; ;

3. tempSet=rtempSet+m.S, ;

4. endfor

5. tempSet=tempSet—+r; / /A S 1l % R
6. Cache.Delete(tempID) ;

//MERASF & T Skyline 704
7. Cache.Update(tempSet) ;
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Ak 2421

/ /16 BB A AR B TR AL In A E R i oAl
8. S=Skyline(Cache) ;

9. for each element p in S do

10. if p is not contained in Filter then
11. M’.S,,=M'.S,,+{p.id};

12. else

13. M. Sy =M".Su+{p);

14. endif

15. endfor

16. Filter=S

17. return M,

T3 A s AR IR I 4 AT R A IR R AR A
BOIG e, Skyline 25 5L i) 5505 200 3G 0 DA 3 B
A 33k U8 A8 ) G A L KL TE 1 58 A DR AT A AR IR
T A R AR R BB IR AR T T DL B
HLEE A e 2k B — 4~ J& &8 Skyline 25 519 7 4&
VE R A b 3o 08 25 - 3265 1) 0 2 B30 oy A% TR T s A
RE IR E . A% i 19 ) A 1Y s AZ fii Jy & Skyline
Gl SR B Bl o AR M B AR T AL AT B AR
DA A g AT ARG L G2 A7 DAAE AR AIE A1 8 5 15
Z I W A7 [ A
4.2 BimTAHARX

LIRS E B W R v o X DR Y
BOHE AR L S AR R A A R 3 A R
7] R, T T 26— Jin LA B 3R
4,201 BB R

TR BRI 1) A o R A SR A A% S 1Y
P18 SRR B 3 A W R T AR 5 9 R bR B ARE R 0 B R
By BRI 2 i AR B e . 38 Bt AT X
A AE 5 9 B o BB0A 2 T AT I LR SO R TR T
X 5.

T 5T H 4 A BB A A SRR A3 A Y
Mk 58285 B pR A0 B =X HOR AR IR T SR E
A B HLES 2 2 SRR R i S5 B A 1 2
B 2T 3 5 Fe e S AR R B R 1 S O o A1
TR Y A5 1 R R AR A TR AR G S TR B ) R
TEUR AR B O B TR AR v T R AE P A A I
i T R SR B R O 4 SR fE L DA PR AR R
3l 55 R AR T R IR Y [ 25

TRV BOE B 20 A A AR Ak B RN A A R L
bz 2 AR, —ME LR A% e 17 T B I
Vo R RS A TR g A Ak R s, D i Rl e PR R
A A o A AR SR 2 SR S A T R
AR g e B TR ) 2 A ) RN A AL R AR R E
R 38 A AR A ) PR 5 A 6 7 1k mT A AR e b e e

b T AL SR R B 1) SRR BN v A S T R
Y12 FEL AT » 306 AR 8 >4 i R 300 A5 L 1 o ik
A58 DRI DAy 25 09 SRR 0B A T A A5 A SR R
A 1R R 8008 5 A 8 ST 5 VR B SE R A1 DA A i3 -
R 38 T7 35 o X B 1 1) 2 0% — AT R 0. AR A B
R, — B S BOR I I K5 Ul W 4 i A 2
PRI e A5k TR T B BT oh ) 2 O HUORE BT 2 8
P sg KL ut. i b 7 X FE vk T AR s AR 41 119
TRV RS R TR 0 5 0 A B s T SR AT S AR
AT 418 55 1% TR 25 D90 2% 1) ARS8 AT R0R.

H A2 S 10 T AR A 2 B AN R S R Y
e B A o DRI & R FH 22 06 w8 9 A 0 A% Tt 1 s 2R
B 1) 2 4R ARG 2R AT . 2 on i W Al g — Tt
5 39T 3 A T B R Bn X (D B

p(x)= exp(—%(x—,u)/z’l(x—,u))

1
m) | x|
(D
FLrfr e S IR 43 A 00 BIE 5 X o TR 14 B
J5 25 5 W FLNT F 26 00 28R % ;2 B A BN O 2% T
FLAE X A1 48 50 F S % 1 5 A 4E B 5 B Oy 255 B
TR e g 2 B0 X 1 A A SRR T A — R A s A
R T T R B R AT B A e B
A SR AR 1T RUTE AR AT 48 58 45 FE ol ) BHR AL f (e, 3D
8 TR B o BF 200 3 35 - T 7 2 J R B Al 1 R
BLIE X Ry 2 FE S L B R & 1 IR
BHE AT T AL 3 R A AR SR B R LA A, AN
T BT AT AN AL 38 5 — HBT R 42 1) B B i ot T
TEUR A o WA A SR RN B AR 7R AT 2 2R A o W R R 5K
P R R AT AR - A 30 AR AR - K I ok A v S
AT YA AR 36 K6 36 7 R an =X (2) B s

T!—n(X— '8 (X —p), 5=

n—1
— H T BUE K T8 2 0 BE Ul BE ¢ s
50 2R WU e T T T R SR R AR AR AR I A A Y
SR AT I SR A T A 5 N gk S AT
ZERT B R 3 7 R A =8 (3) I
S

L=—D[In|E|—p—h|Z|+r(Zx" ”’EZE

3

[FIRE, 475 22 X K 50 2% WO, o 2 FB 7 Rk

ORISR A TR e i 6 TR Y 2 M s Skl R vl AT LA
AR B A TR ok 2ok 3 e Y 1 B SR AT S A A

8 3 AR5 - S 6 R LA 0 s e R A A A TR

{1 450 55 BT L T 2 T AR AR B R £ AR (]

(2



2422 iH+o;

Bl

# 2012 4F

L
&

R R B - A 6 1 I ) 52 2% B 2 0 (47D H R 1 T8
AN AR L 15 8 O AR R D R RE 5L L 7T L) Z0 %
ATt

4.2.2 uEdRE

24 I A A2 SRS T R B SR 14 R i A b
T 45 1) ok 908 R 5 oty AN 5 DA I 5% e 3R IBUAT: o] i 1)
G IR g ds i TR FS={h,|i=1,
200 [N UEGR 35 19 45 b /Y Skyline 35 f 4R
BB AZTT HR— DG ERE TR A
IR — RN B A% AR T S A Rk Skyline Y A
fee it dE Skyline §5 SMIZE . 70 B ] NsFl Ny &R,
RoTATI S IR W E T RBEWL (0 | b €
Skyline(FS) } = Nsg.

EIE 3. W H={hihyyesh, ) R ITIR
K45 Hsiz H Y —F 5. 2R Hs WL ZE WA
FAST T B A B W 2 b <>, IR I6E H— Hs HPAT:
S TT he s Hs PRBEFAE— A h 5 by =h o JIR 4
Hs=Skyline(H).

iE .

(1) Skyline(H)Z Hss ;

FRAE B H 2 F T 0 s H— H s AT A0 8 57 7 oy 4
AJEF Skyline(H) , At PAR] 15 Skyline(H) & Hs.

(2) Hs< Skyline(H) :

HRAE C R Hs i AT 2 PSS J7 K il
B R R B <Z>h; s TR H s W R AT AT — A 7 7 14
h.#8J@ T Skyline(H) , ff LA HsC Skyline(H).

22 L iR, Hs=Skyline(H). IF e,

WA EH 3, =P fTEEREETRED
e R LN A S

(1) NS5 A% 8 15 n 1 8 N7 5 1A 2o 0 2
Z A H A SZES, BI Vo, o0, € Ng b, <<>h;.

(2) Ny B I A% A 5 1 1) N7 7 (A DR 2
ity BB NS N B — A% B AR 19 1 8 Sz 7 1R
A PE AR T SCBE L /0 Vi, € Now s 3n € N o hi=h;.

TR G U A% BCE T R R BRI S 4
AL JRAR T ORI B B S B AE & 8 AR T T IR
b uE A N AR N2 B b BT A 4% 2 g 1 i 2t (W)
F L T M4 Y Skyline 17 AR 4.

K 3 e Skyline 19 fiEE Ns={n,.n )3
RAEARFE BT RS Ny={nonyons | AR IREF T 21
BOE Y B E I L EIR P S, FE 2 1 A ) 2,
HT T 15 A AT AT JR 0 5 A0 79 TR T S B S L iy L PR g
Skyline F5 G A N (s ony ).

AAT Y 3 U R Uy FE AT LADRE 2 i A AL

A BB AR AE A5 B ST AR L R A AR 1R
B N 75 LA ) 265 v A% A A ] B335 15 U2 e o 1
P50 Skyline 15 g4 A BIL, AT LI Sk 3k B A 0
HE R 04 AE R 2o Y A A R ) e D AR
=k () iR

Maximize || P(r,€h) )
i=1

i A2 -

(1) Vn;on; € Ng, h;<<>h;.

(2)V¥n, € Ny, In, € Ngsh, =h;.

B 25 A R 8RR ST D AR 22 T YOG R B A DR SRR
PR AT AR (5)

Maximize || P(r, €h,) (5)
i=1

i 2 -

(1) Vn;sn; € Ns, Ak, €D, hj L, ub<lh; I,.lb
Hh; 1, lb>h;.1,.ub.

(2) ¥n; € Ny, dn; € Ngs Y€ D, b 1. ub<<
h;.1,.lb.

B AR BUE T R R — AR R AR
PEOE A ] RN 31530 10 2 TR] AR A A ] A AN AR AR
Ry Y A% I g I 2 I Sl ik T bR
AP TR S AR

ST N o AT o] 15 A 4% 8% 4% 55 A A
n; e X8 L B RE ST R G B A A A B 0 R GE
AN A FPRAE BN SO OC &R R 4 A5 (1) 3l 728 i
TN Sy 1 A A IR ROR R KA
T2 3 C6) 1 PR ARAE 7 F A 14 HLR STE G 3R

Maximize(7,;.v, —7;.0.) X (7;.0,—7;.v,)  (6)
Ao, 7o (B

B0 Ny B AL Y 5 ns s IR E N
AT AT 2 2 SO s PRIE s B E AN
J& Skyline 5 50, A8 4 Z&F (2) A8 B T L P24 3.
T A A 2o R SOR e A e B R (T
0 (2 RESCHE 7, (RN BR Y A 0, O s ) S
SR g B RETT AL

d
MaximizeH(?i.w*?].vk) YD)

2t BRWE R AL AR R A AR LR A
[*) R A hy 2 24 ) Al 6 M P Ak ) A, mT R
KL B AC T R e, 1 T 5 i etk 29 R e
2R AR Ak ) 8GN =X (8) TR

Maximize || P(r, €h,) (8)
i=1



11 4 RR B RBP4 b Skyline 7 51 3% 22 & W 5 7% 2423

2 -

(1) Vn;on; € Ns, kylED, h; I,.ub<lh;.I,.lb H
R Lb>h; 0 ub.

(2)Vn; € Ny, n, € Ng» Y€ D, hi.l,.ub<<
h;.I.1b.

20 A JRR A 1 T SRR BB AR i 2R A A L
NGB 1) 2 B0 58 B ity o S5 3l AR 40 A L A
IR CSUR £ AP S SR/ QRIS S R
HORT T T A A T R N T R IR R IR
ATTTF 2 B0 AH L 4 £ S 5 o o 2o 208 e 10 4 4 2o R
SHEERMEFRN . BREAGHN. FI, FIST
R OARE T8 AL SN R i EIRE el
AR B o HC AR T A 3 0 e R AN 2 L B R
PR A= AR A 50 s BB A SR T A e A
(I8 T ZERT L4k 4 R O

(1) n; 42 Skyline 5 /& R B A8 4k J5 18 J& Skyline
TRLER T A B U A 2 2 Ah FLFOR B S
TS BT ) e S IE T e ) o D e s ) K

(2) n;J2& Skyline 5 5, BB AL J5 yJE Skyline
TRLBRT A S U A h 2 Ah L ROk B S
P57 A5 BT B ST 39 A R S T A 18 S TE T A
18 ok I8 45 0 e A K

(3) n;7&3F Skyline 9 i AL 5 8 2 E Sky-
line 95 50 BR T A B 1L BB 2% 2, Z 80 HEOR 9 32
PC 5 s BT B SCIRC 19 5 8 2 D 45 A0 7 2 K

(4) n;/=4F Skyline 37 &5, BB A5 4k J5 S~ Skyline
TRLBR T A SR ES A 25 A Skyline FY
LR Ik U A A

2830 3K FE I A 3 aok U A 2 R ) TSR
BEREAR; Rt T A DB B 3 sl ik s
R TG IR MR B b R A A
R A
4.2.3  EIMGEIRYE Y

AR IRAR T R T U AR S AR AR T A —
HR IS — I 20 1) S R B T o B e S
SURE B 14 78 1 B 22 4 22 Ll A [R] — AN inF 21 n] fig
A AT s[RI ) s sk 4 A2 RN BCE 1 SRR R
FEAR AL R BE R AT AR A T B I ok
Uk 20 1) 44 H ) B A e R B T AT B B
{5 25+ P 52 m0) SR B4 e 20 5 40 o DB A% B
E DO PAIOR vy R N IR RV € v R A
Jr I R 2H TR G B B T B R RS
T B 45 ] 5K HZR G 4R 1) Skyline 25 R 4 Hs. i
PEM 2, —H Hsr . ik b 5 He i H B

FEATRESEIT AR by (G0 Z [ HR I /2 BN SCIRE G &R
AR 2 A0 W ) A5 S A% 19 10 K 5 € A Skyline Y L
RO SE 7R b ANl R bR 250 3 il B AN RE A
T n e Skyline T i o U L 3 3 75 2R UM
AT BB OB Skyline 1 R AL W
L O ) R, 355 v ()7 o P 3 SR AR
UESSHESE /AN N7

3o A v TR] Y S D SRR R A 2 1 Y
R B RSN BT S 7T DA sl £ — SN b B ) B30 A%
. Y R BRI R ANk 2 PR B G
P IR Y R IF T 9 A A ) SR R
5 R AR B RO 5 RS B s 4R (58 1~5
A1) s B T B2 80 B 9 ] 8 Skyline 25 21 (5 6
A7 5 TR A M ) SRR A0 O G 5 e A UK
Skyline 45 R PR ER (5 7~10 17) s o - B A Jw T
Skyline %55 Hol i 132k U8 &% A9 14 B &% 19 5 1Y 2 5
A S (55 11~15 ).

ik 2. AT R %G RD.

A THRIEBES M AR EMEERE -

B BRACHIAW MM U M

1. for each element m in M do  //4 3 F45 048
2 M'.S;y=tempID+m.Siy ;
3. tempSet=tempSet-+m.S, ;
4. endfor

5. tempSet=tempSet+r; //INA B CH R E N IE
6. M’.S,, =Skyline(tempSet) ;

7. if passFilter(r) = =/{alse then //3d %&£ ¥E
8 tempSet=tempest—r;

9 M'.Syy=M'.Sl,—r;

10. endif

11. for each element ¢ in tempSet do // = B E £
12. if z.id is not contained in M'.S,

13. M'.Syy=M".Sl,+{t.id};

14. endif

15. endfor

16. return M.

B3 B A 206 Skyline 15 8 A5 i 25 B E AT 4
Py R B AL 3 BR. e B g Sl BLLE
Su R AR L IESR A PR 55 1~3
A1) s FW L S, v 58 B 1 B 1 500 o0 4 4 5et 0
BB R I A A ST T RS ENR A G 4~6 175 R
JG T EIZIR AN Skyline (55 7 17) s #2454k 3 BT
A AN & A5 O Skyline 7 8 19 f4 B8 15 45 A iX
S R AR IO B 11 B AT (55 8~16 47) 5 JieJim o R
i A I SRR RN B 5% B 20 1 Skyline 5 87 )
EHL 17 17).
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Bl
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L
¥

B3 AT s R,
B TR SRRSO SE T R M AR AT Y i U
wiEGEIA H
fii iy : Skyline % 44 S
1. for each element i in M.S,, do //FBRE Skyline %7 s,
2 H=H—h;;
3. endfor
4. for each element ¢ in M.S, do
/1 AT BOHRE SR BT
replace h; in H with ¢;

endfor
S=Skyline(H) ; [/ U H Y Skyline
for each element p in S do

[/ A E A 8 T Skyline 979 &

9. for each element ¢ in S do

co ~ » 1l

10. if p7#q H q7q then

11. Sprobe = Sprove T 1 poid s q.id} ;
12. endif

13. endfor

14. endfor

15. probe the nodes appear in S, 3

16.
17.
18. return S.
RBRAETEARX
FI R fo) _E R T T B e e O 2 A R i
15 AR 1 A 38 7 A, — BRSO kA T
75 R b AR e R il ikl T DL B S )
Skyline 17 g A ) 25 4. A L %R J7 =X A4 2 ) i Rz
R ) 5 R (R AR AR 2 I RE B AR A ToUI] R A9 i g
07 3 el AT AR BRI T AR S A% R T A S
Bl o - A BER 2 B 41 Skyline T gl AL 45 R L
UL A 96 W 3 P[] 8¢ G 5 T O B 5 5 18 ) e 30 8
JUA A BT S 5 1A S DT 2ot 9 R A R ad SR
WA L T AR B0 RE i — Mt B AR A I AR AR
SRR T R BB A T R ST T R T
AYRE A O HE T AU R A A AR R
4 Skyline 15 5 28 45 A B 7€ » T T 248 U 19
PSRRI RS A 3 el AR Y 3 T I R T R
W2 R, O 1 Wby oA A a8 0 S O e
BT AT B AR TR A IR Y 7 2 5 1R
e T R P i T A 2o O A I B IR R RE B
FERT H ).

UNTEL 6 BT o A5 AR 19 8 ny g FL s B K00 AH
XA S VEHE F R ) b A 07 30 38 T35 A Fny
R B30 7 A AR R B0 5 4 1 T 19 5 50 . A

replace the hypercube in S with the new data;
S=Skyline(S) ;

4.3

BRI 20 AR 0 B s IS 0K B AL A AR
Sl , — I BAE M2 AL 4 S oodL. FERE R 1A
P20 245 5 R0y (9 50308 35 B0 AT 4% B A2 T IR
Aok Y g PO YL D DA T AN T 2 1) i i R S AT A R Al B
BT R TR 20 395 A, BB T R S T A Y
70 FL o 2 1) 3 3l 482 S e OB T S [l el
7 Rl s B9 R0H0 © A0 DR AN o 8 DA 2% o 2 BOAT:
Bl al DLA 5 9 46 P i) Skyline 15 G5 R G
1 9877 A 3 AN 20— S A W 4 v i 5 e
5 Eak v Ah ol ug 7 A B RORA T — 2

2w

18267
=]12[43 24169 73
221213 37772
3-[23]18
(2,12,43) (3,34,11}
1= [34]11
2= 34|11
[40,100) . 3= (3513
[20,100) {6,47,86)
126533 1= [47]86
2= 165]33 2= [31]64
3= 68|27 3= (3164
6 IRA I U8 AN E 2

BT BOR R 7 R A 0k Ry B A AR
K A AR 0 TP 2, — 28 02 B A8 A AR AR
PR 1T Rt o (5 FH S 2ot i C VG 1 et i) 3 A B
MEGR TR I R i A A L R R T R B B
Vi) 5 o — 28 2 M0 a8 A A5 o A 3 A il 4 Jmy it
U8 CA T ) T M ) 5 sl 1 R A A A0 A B8
SR LR 2 AR A AL B T R 2RO I T e
YRR 8 75 2 o BB ROR . BT AR Y A s 1B
AR ;s 295 5 T AR ) B R uE 07 =
U, B2 (0 P A ok 0 5 I HOA Bl & A AR A A
i 2 1) Bl A% B L DIRG9 R e AN AR T R
AR ABE 232 2 CO) BT 7S o B LM M 38 R A 32 5k 1) 3
BenifitB(n;) =1—aq, 9
AL A R A8 B T TR B e v gy = B
et 1T 4 Jr 2ok DB A% I AT LA S PR A O -
(1D QERAY A n e R Al Skyline 5 £ n; 0 32
e B 1 Skyline 45 81 B A JCIR 1T 5L n; R A 1 BHIEL
Wi v R SN TR by AR R i n R
Al r AR S IT R b NS BT vy SCBE by s A
TEHGE 7 9 B AAREUE B T DL E 0 A J8 T Skyline
TR T LA g AN i B 1) B 0 A% A AT 200 5
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BEEE A 2425

W0, 3P Dl 3k Tl U B S RN B e A
18 G 3 OV W A T 0 200 A% i B B 0. G, B T
] 3t 98y =X 3K 26 X (10D TR
BenifitT(n;) =P, €h;) XP(r;=h;) (10)
(2) AR Y /L m o e & Skyline 97 g, i i
Skyline 15 i A4 0 No A4 HE r fEM L IR b,
WAEAE H N s o BT 15 250OR 5 1 IR B s &8 5 1 |
AL AT ETE v 109 F AR kT LU E n )&
T Skyline 5 55 £ G, Br DA AS T 22 0] JE 0 4% i A o]
Hoda. phest, B 0 R 3 g O s gk a8 st (1D
IR
BenifitT(n)=P(r,ehp) X || PG,<>h)

n, € NG D)
an
WK, 2 Beni fitB(n;) > Beni fitT (n;) B} , 1% J&&
R NOZAE T B ) B U8 R FR 2 B
ST Y Beni fitB(n;)<Beni fitT (n;) W , /& [ %%
TR DO B T A B BR e T
RA U8 Iy b AR R BE T RN EH G
FE i MR BT A a0 S B AR A ) B Y 4 )
ORI E A ST SE /i 7 i X< e 1 KU RN S DS
A E T R gy X g AR AR R AR A LR
J PR AR i 19 s o3 s B BE b )RR T A T Y
S SR R A L BOA WCE 42 SR g A Y A ]
B ) by 2 v
Hy T {6 B 2 22 B Y B e R 2 A A R R
R T A B AT S AR SR X 2
BRI Uk A O H B R R — 28 98 9 26 Hp a8 15 A
B BT B RURR T S AL S R 2 i S P I
Z| Skyline By A [F &7y HAH E—2% B W A58 2
FEW A RE DR UE PR 2 B8 2 A Y — Bk, — B>
T 1 GBS IR 45X M — SOk i 4 Bl il K. 4 4w, B
WA SR B TP OC A ¢ BT W A e TR
B E—% B WA ARRIE STH ¢ BT — 4
%) AN ¢ &4 )R Skyline. IR 4 B —EJ& T
Fon B JRIFR Skyline, AR 4l A IS ) b i i ok LR, Y
S AT AR T ¢ W AE L —2% B 8 n 5%
AL L BT DAY JR 3 Skyline Hh o gl A 2
s SRR AN RELG B IE A 1Y Skyline g5 5. BIL .
fER A g7 b B 1 R IR R BEAE B AP
U TARETE T 3 A P8 2. £E A T & By 5 8
Ji 3 BN T R Z RS AE () 28 A ) e
Ty 5 T R 3t SR A )RR AR i o e g o

ok 3 R U 5E R A R T Skyline, 458 2o i3 U8 19 5
2 A& T Skyline B, HFF 24 I g 5 45 0 5L
Rpwl. B, T 95 s R B ] LTE B 7 S &
W, FU B B S LT S g . R A AT R T K
e PR Y R R TR R A TR 2 8L ]
it i/ A8 i RV AT R 2 0B P A A B T )
V5 9 LY P SRR A 5 O R — A B A R A
AR 5 3 A .

5 MaEiEME S

FEAS S o, 43 0 RN A 108 Al 4 2 S K
P AR SR M PERE AT 1 TR 40 1Y LU B AN 43 A, 5K
IS (B4 3R 85 K 2. 0 GHz DELL PC,512MB N 1£,
80 GB fi# #if.
5.1 LEE

TESL 5 . 2 5 PR RE 43 B B2 b i Bk B 3L AR
LU e

(1) TAG. FIHT R A 358 09 56 B M 4% 58 1 (O
HERE).

(2) MinMax. 3CHA[5] R # H 1 Skyline # if]
=R7

(3) SkySensor. CHR[ 10+ #2 H #) Skyline #F
WAL,

(O BF. R AR Fa i i FIST 5k,

(5) TF. &M B Tm 3807 0y FIST 5k,

(6) HF. >R AR &1t ug 720 FIST 5k,

TIGAEEH JAVA 15 F 529, 5550 v BE B AE
161 AR n AN SO B B X 8 P BE ML B e L R
AR AT BT R A 1A T
7. () B A A 4 a5 =2 [ B A AR R 22
AN BRI BE L I B 15 8 A% 1 R0 T AR 38 1 e K
BB R 48 . M B Bl 35 51 Mo 43 A E
AL AR T A b HLARAS 2 AT S OR S — B
RSB » TR I A% St I 465 v g A I 2 7
A n DHFITA. R 1A T g T S L E
BESRN F A TE ABRIA AL B Uk S A Ak H
— M S AR SR E R BONME. H A B
TR REHE A1 oA A% B I 2 e (1 - 243 15 A X o A2 98 1Y)
SF- 357 e J7 B[]

(D) -2l A5 A, P X 554 i 20 1) 3 A5 A A
FLHE 1 IR AR 4E 3 AR A Skyline i 19 7% fi AC A

(2) F- g me g B[], K TAG B35 04T — IR M
TSR AR B I E] R 1A I TR) AL, AR B R T
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B 5T 8 A X BE . SkySensor B 1 I B [E] 4 120
. S N —o—TAG —s—MinMax —&— SkySensor
S SR N BRCS TAG ot VRS 1 ol B e TE i
X1 THSHY « 800}
EX Bk Al &
B 4 B 3 2.3.4.5 *@5 600}
A EH 300 100,200,300,400,500 ’
Boif s 1% 85% 75%.80% .85 % .90% .95 % 400
S A T 2 ¢ 6,26.306.40.50 200k

5.2 &REENK

S P A R A B R AN L A A AR
THE P 50408 B A g T LT e ) A i — W ST 43 A R
HH 20 AT 50 5 323 A S50 di 1 o B A A 2
TG (R 9053 A AR LA 7 AR L0 L 1] B A ORI

(1) Pt 7. 53 A 19 1 BE

7 FH L B A B AR G A SR
PRt Bt 22 38 o D R A T B 2 50 B 4l A5
SR ST P AR R B AIG 3 30T Skyline 7 g Bt 1 1
T e TR AR Ak 25 1 B0 2 B b I AR s R
It BF 03k 0l 5 A0 A F TAG 88084 1 1
BIAR A 2 . MinMax i JC 4133 S S 7E ST 70 A T
A ARG 1 33 8 R B LA F BF 43 7. SkySensor
W B AL 50 B R AR WA R TR 2 A A T a4
P 7% i A o e 0 5 B o A5 5 4 R R R ST
3 VS TR 4 ABE 38 18 s A (S A5 P Py B R v Y
BT 1 i 3 8 A5 4 R Ao R 00 T B R 4k
A A R TF F0 HE A0 15 A0 B BE 25 4 5 1)
B SRR . BE 5 TAG &R R A5 i i
BFRI A 1 AN B R] 537 s MinMax J2& 95 B Be 5303, il i
IFA] 2 2 S ] 243 SkySensor 77 4% I 5 17 7]
2% B DR T W 57 s [0 i 25 24 5 A 56 o ot (3R 72
BEE T . TF 205 75 55 W 45 v 35 OB Ok
I\ Skyline, i Jij B [6] 46 ¢ Ry 2 A B (8] 5040 5 1ff HE
Hh R 43 o &8 B2 ) A R ) B dl O &R B IR T
R ARE, 5 TE A B L A ) S 5 4

8 F W], Bl & T A 1 AR 3G 45 531k
5 A U A8 N B4 . TAG. BF, MinMax F
SkySensor ¥l {5 M WK &, BF 5 TAG (1L
Bl L # ke g - TF Al HE 36 KA X %48, R 7 T35
SUBCH MR K S 5 B T A BCR B  S
T Skyline 45 F 508 (14 19 s [8) 15 05 80 H g 3
T B T2 i e kB0 6, BT DL A% R Y
A . BE B 58 JUK TR Bk, B 5
TAG {5 A0 59 Fe A X R e . R R 4 A5 8 H A
KT R ST 7 PR U R T WA AR B R i LA

0

o b

3 i
PAE
(a) WAFRAN

o

Wi 2 R 1)/ BPLASE B T3]

a—- —
rd
1t B 3 3% 24
TAG MinMax —a&— SkySensor
0 R e BF —x—TF —e—HF
2 3 4 5
oA

(b)) Wi ¥ fif [
BT RO 4R E 5

TF F1 HF /9 38 {5 100 1 KA X 2. th TE 82
HECF g o A8 R B2 19 5 SkySensor f i Rz 1 [7] B &
5 A H G A A s 2D, BR SkySensor Sh %
SRV A w N7 B 8] D7 DY 2R B S8 ZE B Al
9 F W, B B A A R . TAG,
MinMax,SkySensor, TF 1 HF & ¥ 19 @ /5 S kb
BEE - BF B 05 {5 A0 L el g 4. 5 BE
B ) ok 90 it B AR  T BAE AS A  — HL 3% SR )
KA R [7] 4 A8 232 AR IS o D A5 SR A B 2 AT
LU A5 AR H B 45 B8 728 1k 22 59 38 s L 491 48 Jin.
TAG RAEFAEAT L 98 it {5 A A2 51158
TCLH Bt B AR HS5 AH OC L 5 3% 2 I 2 Y B 2 A 8
EIE K s MinMax I SkySensor 5 i £ i ZI 1) % 45
ERAACTE s TF A HF o fif F 0% 8 7 7 4 19 i
DB SR AN 73 A A 5% 5500 )5 I 20 ) Bde 2
MR T %, Wk, TAG, MinMax, SkySensor, TF
A HE 553 0038 {5 A A b AR 2 . 76 Wi 1z Bsf 8] 57 T
AR IR IH AR [7] . TAG #1 BF f 0 )iz i 8] 4k ¢y
1A ] B4, SkySensor Wi i I 7] 422 3T 3 4> i [7]
Bfii s MinMax F1 TF [ 0 1 B[] 45 265 2 A~ i [a]
AL, HE 5y i i [|] 45 BE 1 TF Z 4],



11 4 RR B RBP4 b Skyline 7 51 3% 22 & W 5 7% 2427

4
—6— TAG —=—MinMax —&— SkySensor
—»—BF ——TF —e—HF
= 3
=
E
;ﬂg 2 D 3 3 3 B
= [ S— o r\/e\g
=
=l
= 1 b3 23 23 -3 24
0 n n n n n
100 200 300 400 500
WA

(b)) M B B[]

IRy Qe R

1600
—o—TAG —=—MinMax —&— SkySensor
1400 ——BF —»—TF —e—HF A
12001
& 1000t
Lt
£ 300t
=]
600t
400¢F
200}
O ‘ n n n _n
100 200 300 400 500
T RH
(a) TEAEAHY
800
700f A\A———ﬂ—&’A
600}
& 500}
z
1z 400}
¥
" 300}
200} E
100 —o—TAG —=—MinMax —&— SkySensor
0 —»—BF —%—TF —e—HF
75 80 85 90 95
Hi A e

(a) JWAFARAN

4
—o—TAG —8—MinMax —=&— SkySensor
——BF —%—TF —e—HF
= 3f A-’-A/—'i‘ = —
E
a
ol = % % % X
= o—— o— 1=} =t o)
=
=
= 1t B 3 3 38 24
0 . . . .
75 80 85 90 95
i

(b)) Wi Y IR (1]

B9 B A A B

TE T R BB 43 A o B3 3 5 i A s AR, R
R P o AR TR R BRI A TR B 25 0 B v Y %
JCZ A TA] B 3 A B0dE 2 () R ok n A s -2
AR B R o B 10 UL T 45 55 1k A8 508 o A
P 22 7% 4k B M BE A2 b B . TAG, MinMax,
SkySensor Fl BF 57k AR T 204 19 534 o A 1 3
5 AR X FE A AR . B U 7 25 (B0 o A% s
SERHVBUNRE 16 43 A X A B =22 7 K, 3 3 30T K
VBRI R 2oL 8 S AR S BT 14 A R 3 i 22 i R 1
JERE A A W R L IR B R, 5

800
700 A—A A — A
600
4= 500
g .V
I 100
= 300
200
100 —o—TAG —=—MinMax —&— SkySensor
—%—DBF ——TF —e—HF
O " T T T T
1 2 3 4 5
5%

(a) JEAEAY

TF 535 19 38 £ 10 H 38 b3 . HEF 5535 (1938 15 1€
WIRLART TF 5035, HRE#H TF 5% 128 1k 3
7T A5 k. 6 1 7 ESF [ 7 T8 454 B0 32 1 6 B 5 T
T 25 RO — B0 FF — 25 UL 7w 17 B[R] 5 ) 2L
EL R eI

(2) [ AH IS A1 1 P BE

R T G B B B PR RE L R RO G A A T
W AT TR p K. W E 11 iR, TAG,
SkySensor BF, TF #l HF & ¥k 76 2 AH &40 1 F 1)
RGO MBI R A~ B

4
=3 W
=
=
g 2 b3 53 3 B B
o G O- 9 O— o
&
=
=] B 3 3% ¥ 2]
—o—TAG —8—MinMax —=&— SkySensor
—»—BF ——TF —e—HF
0 1 2 3 4 5

Py
(b) W i1

B 10 BdR b I 22 KR



2428 it " EE 4 2012 4F
MinMax BIER TR RE S8 22 IR ZE T RAH G 70 PERBIRZAIE T H B R 5wk, 3 — e T E A
Ay Bsf TG 2H 2o i 09 0 IR SOR R R R HE 53561 RNE.

1200 2500
——TAG —8—MinMax —=&— SkySensor
10001 ——DBF ——TF —e—HF
20001
800+ -
& 2> 1500
& i
= 600} 4z
=) & 1000
4001
200k 500F
—o—TAG —8—MinMax —=&— SkySensor
0 —»—BF ——TF —e—HF
2 3 \ 4 5 0 100 200 300 400 500
s A5 WREH
(a) BRYER (b) 1 AUECH 5% )
1000 100
A 2 2 —A——A h——2——A——p— A
800} 800}
fond -
S~ '
= 400} %;ﬁ = 400F
2001 200f
—o—TAG —8—MinMax —=&— SkySensor —o—TAG —=—MinMax —&— SkySensor
—»—BF ——TF —e—HF ——BF ——TF —e—HF
0 75 80 85 90 95 0 1 2 3 4 5
A W7 %

(R ¢/ &SP

(d) Bt 23 A1 B 5

BT SO o0 A 1 1 fE 23 B

5.3 ELEHENIL

S TP LSRR AR Ve R T P v S R
H (Tropical Atmosphere Ocean, TAQ) y= 4= 4 7
(R 3 7 e BB S5 U TR R R T N B A TR AR 5 4 2
B ke AT AR o S RHE 4E B 2.3
4 & B WA RO AT TR, B 12 R,
TAG 35 W 805 AN 16 & Jc i - BF 5336 (938 15 AR
PR AT TAG Yy F A UE BT T 35 92 2% R0 %
P A OR B AR S 1 B[R] AH DG ¥, TF A HF L6 BF 55

160

1401

AU

20} —o—TAG —8—MinMax —=&— SkySensor
—»—BF ——TF —e—HF

2 3 4
() WAFA

e VA W I A O BT (= A v Wi 1 P ¢t VA R e )
2590 54 BRI S5 R4 — 2
5.4 XHWBLE

i Lprik . TF 1 HF Bk e fF A M Lk
Pttt T H e B vk s i HE 85 1k 78 Wi B B 8] O T
T TF 5k, i T2 G T S 5 iy s i A PR L i
fE A & o S E PR R ) e B A AR 2 — AT
DIAS a0 T 4518 HE 8835 258 447 Skyline 75
AR LA PR S 1 SR

4

w

i [ B i)/ B AN i)

% % %
e
1t -3 3¢ 38

—6—TAG —=—MinMax —&— SkySensor
——BF —%—TF —e—HF

2 3 4
(b)) Wi I 1]

Bl 12 RS ER I PERE b



11 4] RR B LML R4 P Skyline 17 81 3%

Ak 2429

6 # it

TR IE T A5 825 W 45 B 1) Skyline 5 5 %
LA A PR R Rt T A T a9 Skyline 7 A
LA IATE FIST , F 5% B 7 A% A% 15 sl 974 Hh
S 4 Ry 3k R A ok G N 00 B BROHE A% i T Y
PR IRA T e . AR IR AR B Ty AT
FIST #3430 B IR A B (BF) L | A R CTE) R
& (HF) 3 FUA R b 38 J7 2. TF F T — i 210 1)
Jai R Skyline 1 2y 45 s o) 8 s o B 56 5008 19 = 52 %
By s TF ) R0 B0 09 G 1 R S 799 80 43 TiC 8 57
T VR A Ay 2ok U8 4% O JRE A 0 B Y B0 T B HF 25
4 7 BF 5 TF 005 38 b5 5 s R 43 R 5 K2k
F 53 R AE PR I U8 s R L e, — 2 A A
ML PEES 5 — M AR S g &5 G R
B R I SRR O B A R E AT T IR UE. 45
FH] L FIST Sk Kyl 2> T Skyline 5 55 3% 22 %
T R PP RS T 45 N (R B A% e

& £ x #

[1] Ren Feng-Yuan, Huang Hai-Ning, Lin Chuang. Wireless
sensor networks. Journal of Software. 2003, 14(2). 1282-
1291 (in Chinese)

UEFE, il T bR, TCLRBIREE MY, A4, 2003,
14(2): 1282-1291)

[2] LiJian-Zhong, Li Jin-Bao, Shi Sheng-Fei. Concepts, issues
and advance of sensor networks and data management of sen-
sor networks. Journal of Software, 2003, 14 (10). 1717-
1727 (in Chinese)

(BEglep, Ba, T« &R a0 45 K 8O0 A 3 B
RS YRR, AR . 2003, 14(10) . 1717-1727)

[3] Borzsonyi S, Stocker K, Kossmann D. The Skyline opera-
tor//Proceedings of the 17th International Conference on
Data Engineering. Heidelberg, Germany, 2001 421-430

[4] Wei Xiao-Juan, Yang Jing, Li Cui-Ping, Chen Hong. Sky-

line query processing. Journal of Software, 2008, 19(6):

1386-1400(in Chinese)

GBU/NE, Bl 2237, BR4L. Skyline # il 2038, S04

XIN Jun-Chang, born in 1977,
Ph. D., lecturer. His research interests

include sensor data management, cloud

JG)

computing and uncertain data manage-

ment.

2008, 19(6): 1386-1400)

[5] Chen H, Zhou S, Guan J. Towards energy-efficient Skyline
monitoring in wireless sensor networks//Proceedings of the
4th European Conference on Wireless Sensor Networks.
Delft, Netherlands, 2007. 101-116

[6] XinJ, Wang G, Chen L, Zhang X, Wang Z. Continuously
maintaining sliding window Skylines in a sensor network//
Proceedings of the 12th International Conference on Database
Systems for Advanced Applications. Bangkok, Thailand,

2007 509-521
[7] Xin]J, Wang G, Zhang X. Energy-efficient Skyline queries
over sensor network using mapped Skyline filters//Proceed-
ings of the Joint 9th Asia-Pacific Web Conference and 8th In-
ternational Conference on Web-Age Information Manage-
ment. Huangshan, China, 2007 144-156
[8] Xin]J, Wang G, Chen L, Oria V. Energy-efficient evaluation
of multiple Skyline queries over a wireless sensor network//
Proceedings of the 14th International Conference on Database
Systems for Advanced Applications. Brisbane, Australia,
2009. 247-262
[9] Shen H, Chen Z, Deng X. Location-based Skyline queries in
wireless sensor networks//Proceedings of the 1st Interna-
tional Conference on Networks Security, Wireless Communi-
cations and Trusted Computing. Wuhan, China, 2009. 391-
395
[10] SulF, Chung Y C, Lee C, Lin Y Y. Efficient Skyline query
processing in wireless sensor networks. Journal of Parallel
and Distributed Computing, 2010, 70(6): 680-698
[11] Madden S, Franklin M J, Hellerstein ] M, Hong W. TAG:
A tiny aggregation service for ad-hoc sensor networks//Pro-
ceedings of the 5th Symposium on Operating System Design
and Implementation. Boston, Massachusetts, USA, 2002.
131-146
[12] Silberstein A, Braynard R, Ellis C S, Munagala K, Yang J.
A sampling-based approach to optimizing top-k queries in sen-
sor networks//Proceedings of the 22nd International Confer-
ence on Data Engineering. Atlanta, GA, USA, 2006. 68-78
[13] Bentley J L., Kung H T, Schkolnick M, Thompson C D. On
the average number of maxima in a set of vectors and applica-
tions. Journal of the ACM, 1978, 25(4). 536-543
[14] Wu M, Xu]J, Tang X, Lee W-C. Top-%k monitoring in wire-
less sensor networks. IEEE Transactions on Knowledge and
Data Engineering, 2007, 19(7): 962-976

[15] Kennedy J, Eberhart R. Particle swarm optimization//Pro-

ceedings of the International Conference on Neural Net-

works. Perth, Australia, 1995. 1942-1948

WANG Guo-Ren, born in 1966, professor, Ph. D. su-
pervisor. His research interests include uncertain data man-
agement, data-intensive computing. visual media data man-
agement and analysis, distributed query processing and opti-

mization techniques, and bioinformatics.



2430 i "

Bl

E

e 2012 4

Background

Wirelss sensor networks, which integrate sensor tech-
nology, embedded computing, networks, wireless communi-
cation and distributed information processing, are widely
used in many fields. Since sensor nodes are generally battery
powered, and most wirelss sensor networks work in an unat-
tended, hard-to-reach environment, it is impossible or at
least very difficult to change their batteries. Moreover, due
to the unreliable sensing devices and signal interferences dur-
ing wireless communications, sensing data are often noisy or
missed. Therefore, the applications over wireless sensor net-
works need a scalable, energy-efficient and fault-tolerant
method to gather the data collected by sensors.

As an important operator for multiple criteria decision
making, Skyline node query plays an important role in many
sensing applications, such as environment monitoring, habi-

And

most of the previous techniques proposed for Skyline queries

tat monitoring, and building structural monitoring.
assume that all the data are collected in a central server and
Skyline queries are conducted in the collected data. Howev-
er, since wireless communication is the major energy consump-
tion factor of a wireless sensor network and the energy of the
wireless sensor network is limited, it is impractical to collect
all the sensing data to the sink and compute Skylines at the
sink. The utility of Skyline queries in many real applications
and the unsuitability of the previous proposed approaches moti-
vate us to develop an energy-efficient algorithm to fulfill Sky-
line node monitoring queries over wireless sensor networks.

Therefore, in this paper, a comprehensive study on Sky-

line node query is performed, and a novel approach, called
Fllter-based Skyline node moniToring (FIST), is proposed
to evaluate a continuous Skyline node query in wireless sensor
networks. Firstly, two types of filters including local filter
and global filter are introduced, and their effectiveness of
suppressing the unnecessary sensor updates are analyzed
accordingly. The basic idea of the local filer for a sensor node
is to cache the Skyline results of the sensor node at the last
sampling round and use it to suppress the unnecessary data
transmissions. It is obvious that the local filter of a sensor
node becomes inefficient when the readings of the sensor node
are not stable. A natural idea of global filter is to install a
hypercube for such kind of sensor node to suppress unneces-
sary updates. Then, three Skyline node monitoring mecha-
nisms are proposed based on the above two types of filters,
including bottom-up filtering, top-down filtering and hybrid
filtering. Last but not the least, our extensive simulation
studies show that the proposed FIST approaches significantly
reduce the unnecessary message transmissions and save the
energy consumption during the evaluation of Skyline monito-
ring queries over wireless sensor networks.
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