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Continuous Probabilistic Skyline Queries for Moving Objects with

Uncertainty Based on Event

FU Shi-Chang? DONG Yi-Hong! TANG Yan-Lin' 2 CHEN Hua-Hui' QIAN Jiang-Bo!

Abstract Skyline queries are an important operator of location based service (LBS), which aim to find all data that
are not dominated by any others. The uncertainty of moving objects makes the dominant relationship of data instable,
which will affect skyline operator. In this paper, skyline inquires for moving objects with uncertainty are studied. Firstly,
the dominant probability between two moving objects is defined. Then it is proposed how to compute the dominant
probability and skyline probability by differential element method. A novel effective algorithm U_CPSC is presented
to handle continuous probabilistic skyline queries for uncertain moving objects based on these definitions. The initial
p-Skyline set is firstly searched by rapid computing. Secondly, two types of events affecting p-Skyline are defined to track
and update p-Skyline set continuously instead of re-computing the whole dataset each time. A static algorithm U_SPSC is
proposed to compare with U_CPSC. Experiments have positive results that show effectiveness of the proposed algorithm.
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X event(s;, sy) HIHEHvHE, MK (3) AT LATSH
Pr(s, < s;) MWK Pr(s;) JoARAM 520, D,
HAk 58 Tk & W3, iR event(s;, s,) 1E
event(s;, ;) thegin L HI4E W, M Event X} Pr(s;) o
AT 52, BRI, J& T 634 Event. O

BIR AN 3. X Up event(s;,s,) =5
i s, HKH Pr(s; <s8) =1(1 < j <d)
(1) Up event ' thegin AN Event, i tpegin A
start_T; % Down event(s;,s,) &/ 5 %4 1
s; 2% Down event H to.q /M Event, ic H
tena N finish T; WR finish T < start T, W T
HY5 s; #HIKH Event #/& 53X Event.

WERR. FHEYRCELI 2 1% 7E start T ZHIXf
Vevent [T vHE A E LT BRI 1 15,
{E finish T 2 J5 1) Vevent #42 J53 Event, X} H:
SRR TR, 2 finish T < start.T
i, IR EARXT 5 s, #H5C Event IS BT E4R)S T
BT H, BIIXEE Event #R A& JCRHY. O

4 BIRLIRRE

TEEAE R A R BER Ly, 1706 501450
(1) p-Skyline s, DataType(id, position, Infold],
start T, finish_T) *® oox WO E R,
flag(self,peer) Fr iR Py &5 f 0] o) GE M S AC K6
R, (self,peer, tyegin, tena, type) T Event, Q. 17
fiti il fg 52 p-Skyline ££4 1) Event, Quanaie HT
AAAEIE SR ER TS 1 Event.

4.1 #FESEZX U_SPSC

592 Initial PSkyline() H T vH 54145 i %1 (1
p-Skyline, iAW1 F:

Algorithm 1. Initial PSkyline()
Output. The initial p-Skyline set.

1. For any point P in S,

. For each point @ in S;

. If @ has the potential to dominate P;
. flag (Q,P)=1; //#ZSZHL R R ML

. Compute Pr (Q < P);

T W N

6. Else

7. flag (Q,P)=0;

8. Pr(Q < P)=0;

9. Compute skyline probability Pr (P); // i1 & %
M p-Skyline HE%,;

10. If Pr(P) > p;

11. Insert P into Lsp.

59 U_SPSC 7EM S0 A% 8l id R v i i — I
Z\, W Py O R, 6 A7 AE AT BEME S O R AT
BRI, TR I e, OB S
KU Skyline BE=, JF 554 5E BIE p LLEL, AW R
p-Skyline 4.

Algorithm 2. U_SPSC

Input. M is the uncertain moving object, p is the
probabilistic threshold.

Output. The p-Skyline in maintance.

1. Initial PSkyline();
. For every time during the M’s moving;
. For any two points P, @ in S;
. If flag (Q, P)==1;
. Compute Pr (Q < P);
. Compute Pr (P) for every point;

. According to p and Pr (P) update Lp.
42 EHEEHEL U_CPSC

U_CPSC Fik () BEA AR SR A v A 2 1%
IR, "IRES & p-Skyline 4523
Event, XX Event 18R ER T AN 58T
p-Skyline &£&. B /G iHEHILH N 2 (1) p-Skyline £
& (M USPSC $LikAMHIA); 4, 5% CreatEvent
VT T RER2 I p-Skyline ) Event; & /)5, Hik
HandleEvent X} Qpnanaie T HTH Event ST HRE T
B, IF M S Skyline 224, HEIBAY Qnandgle N
ML

Algorithm 3. U_CPSC

Input. M is the uncertain moving object, p is the
probabilistic threshold.

Output. the p-Skyline for M’s starting position and
in maintance.

1. Initial PSkyline();
2. CreatEvent();

3. HandleEvent().

4.2.1 CreateEvent &%

CreateEvent 5yEH T1HE W HER M p-Skyline
H£AM Event. X EHRE S h s S P, B
BHEHRE A Q WK, # Q /Xl P ]
ek, AL E BN G M 2 18 BRI B 2 R 2L
dist(z, P, t), dist(z,Q,t), v P & £k a8 X
2] e, thegin M tena, TR Event W& X, HlE
(P, Q, thegin, tena, type) MK type, I 58 H 4
BP ) start T F finish_T; 3K 5 AR J5 8 A A )
1 13, MAEE Event, R tyegn > finish T,

N O Ut s W N
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Mi% Event A8 F4F, By 3 74, wilf
tena < start T, W5 P KW PTH Event #i,2&t
WA, A BIA RN 1 FNBYE RN 3 %) Event BY
¥, SR AR Event A Q.. BEIEFIAWT.

Algorithm 4. CreateEvent()

Input. M is the uncertain moving object.

Output. Upcoming events that may affect the p-
Skyline.

1. For any two point P, @ in S;

2. If flag(P, Q)= 1;

3. Compute a, b, ¢ in term of ¢ for P, @ and the
intersection time t;

4. Judge the event type of (P, @) and compute cross-
ing time %.;

5. If thegin > Prinish_T;
. Continue;
- If tena 2> Pstart.T;
. Delete all events that are related to P;
. Else

10. Insert(P, @, tbegin, tend, type) into Qe.
4.2.2 HandleEvent &%

AR E T RE S XN I BERZ M p-Skyline 44
1] Event #EATEREZVIS, AW 88 p-Skyline 4
& K Event M\ Q. HEH, REHA Quandle, A
Event [1 tyegin > time B, FHUHE Quanae THTH
HAE MR BR R 2, 40 RT3 Event (P, Q)
() thegin > start T, WHEF 5 Pr(Q < P)
Pr(P), # Pr(P) > p H P A{E Ly, 1, KIHm
ANE| Ly, #5 Pr(P) < p H P 1 Ly, ", HILMN
L, MBx; W H a7 %) time KT tena, # Event
M Quanare T HIER. #HIHIET LIAERAE, HE Q. 5
Qhandlc %Bﬁ%%?ﬂ:

Algorithm 5. HandleEvent()

Input. M is the uncertain moving object.
Output. the p-Skyline at any time in maintenance.
1. While(Queue(Q.)! = NULL)

. € = Deueue(Q.);

. While e.tpegin < time

. EnQueue(Qnandle,€);
e = Deueue(Q.);

. Updata(Qhandle) ;

. time = e.tpegin-
4.3 BEMRENT

U_CPSC A E B4 AR 4 AR B 0 % 1)
AN DX IR E i s ) 2 TR B v SR AT A AT
(1S BOAE R, X &R L ERE M B R, AL
B SRR I T e 28 1, BRI KL P,
Q MIMERAsYE BT, 3k Flag dn& A0 H T-F5 R4
P SR AT RE P SO OR &R, A 0 KoR P AN g
Bt Q, Pr(P < Q) =0 /KL N1 EKw Pl
RESCIL Q, T35 I3l YE & tk, WP 4 ar R sl Xt 5

© 0w 3>

N OOl W N

(A XA &, RIS (2) TSP 1) ) 3
BCMEZ. Flag iof7 —EENH, X T Vevent(P,Q),
flag(Q,P) = 1 fapkr, Fk, 4 flag(Q,P) = 0
I, A RAAS 25 B oH S P9 2 1) A fig 7 2E ¥ Event, ik
DTSR

BT vHS = 4R 1 Event A7 44%) p-Skyline $£4&
TCATA LM, AR SCHE T = Fh By A S ms, mT LUK X
p-Skyline 52T Event BIkL, LORUER 45
Event A& 4206 2o A Skyline Mg # 4 = 4E —
SE IR . TR X Event R B TSk AT LA
HiEHT p-Skyline B4, MANLAERE—FOBT I 2 2
i RN AR, Bl T AR SR R A

NI 5> AT U_CPSC vk I ) & A% B2 % T
AL S AR EEE AL s, 85 RUF, FHERER
G A IR N N O TS = R & Tk
(N—1)+(N—=2)+---+1= N(N-1)/2, i
N O(d- N(N —1)/2). R (3), ST
Bl A s, ok UE, 3 Skyline MER AR AL N — 1
ANEHE RS AR XS AT AR, RIS A
Skyline #2107 LAYE O(N — 1) W IR P 58 8%, HIRE=
FhPHERT B f Skyline MER SR T2 O(62) (HE
0% ST EL), BRI O(62 - (N —1)) Al
Al LLSE RN Skyline MEZ AT, THE Skyline HE#
ZJa, B 5w BE p WRILER S T p-Skyline
5, AR, p-Skyline & MHHHE AT LIAE O(N) I
[Py 5E . AR I 2 K fi# p-Skyline 4 4L 2k (1)
W2 WIS O(d- (N —1)N/2+56%-(N—1)+N).

CreateEvent 55, AT 5 P9 204k s (8] 7 75 ]
REESCCHIS DL 2 (N — 1)N/2, X HET 5
e Bl 08 G W I PR g 1t e ol B v S it 2 ek B0
IR A2 7= A Event (1928 84 K FoAT 0 mT
PALE O(ky) IFEIA SE R, W CreateEvent i % Al 7E
O(ky - (N = 1)N/2) WA A58 . HandleEvent
TR Z A A Event NMCH (N — 1)N/2,
XFEREAS Event 75 76 A7 S0 20 A HEAT BRER UF 5,
B DL R, B4 Event 47 202 X 7] 24 [0,
Maxtime], JF45 I 2 #5EAE 0 %1, 75 &A%
X Event SUHrvHSLIN ] 4 O(ko), WIXE Event 2R
EPEUFSATAE O(k, - Maxtime - (N — 1)N/2) IS a4
SER. LR LR, U_CPSC Hik 1P 3 B ) 2
Od- (N —1)N/2+ 8- (N —1)+ N +k - (N —
1)N/2+ ky-Maxtime- (N —1)N/2), 24T O(N?).

5 SRR S54LH
5.1 HIBEEMTHBENRESH

H TG T3 Skyline 75 I 0F 5T #8210 &
HOEE, T ARA R AN 2 3 G Skyline £rif)
IR SE AR, DRI, ASSCER Y — Rl & 5% U_SPSC,
WL UCPSC PhRgREATLLEL, 4k U.CPSC 1)
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AR

SEIGIEAT A EE O Intel Core 2 Duo, 2.93 GHz
CPU, 3GB RAM, Windows XP i PC #l,
VC++42008 H & V-6, Sei b ot 1) 3 4 4t & vk
& PUAE R HUH 2 () AR AR (o, y), BRASYERIER) 2
K = R G AN 7] 23 A1 B Bt B 57 A
Indep. 1EAHRE P Corr Ml AH < #Hit Anti. DA
P A i A s ), S 30 Bl 23 Al /E 500 < 500 Y
Hodn A a) L. S g3 Jal SR Al AN i 0 DX SO
AR: TBMUA [l o o BEE 25 28 2 o B A 389 59 20 A
Moy An; G IR TE R4 A E #3011 55
fifkZ&: | -5 040 (Circle-uniform). [ - 155 4
534 (Circle-Gaussian). M 17 - 3 5) 43 41 (Ellipse-
uniform) FIFA - &340 (Ellipse-Gaussian), 43
e L P e REAT IR UE AT, Hoh, Clircler R
KHBETEARR, R FoRBTE X IERE12; Ellipser, gy
RORWERAAY, Ry R 53 o0l 27 W [ P 1 il 41
BhEAe, 8 TR A SEB 0L, BB Rz s) )y
) B B A KA R T L SR SR I T e 0

1r(e—pe)? | (y—py)?
BHC: pdf (r,y) = tet F T g,
:U“w - /’[’y = 07 Uac = Uy = 17 v = (Um)vy) %i—\‘izi“jj
YRR BN, B BIE p = 0.3.
5.2 HUBRMIR N 3 E AN

5 @r T4 Circle-uniform #% R, g &1
T HVE UCPSC MR L USPSC X)L
SNy, 280 d = 2, Circlegr = 10, Ellipser, rs =
(10,8), v = (vsv,) = (20,25). &% W,
U_CPSC [#iz47 I [H]aze > T & 5% U_SPSC,
T 2], U_CPSC A 587k 7 44~ 44
AR, TN Event AH2C 1) £ g7 5887 45
PE, Wb 13 Dy vk SR I TR T4, 5 U_SPSC
Ee4L, U_CPSC K- B)iz a1 22 H 5 %.
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ST REPE A1) Event, /=il a8 24 1) 4
A7 EATAN e FaR SR I MR Corr A& iy
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Fig.5 Effect of dataset size on algorithm runtime in circle-uniform model
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Fig.7 Effects of dataset size on algorithm runtime in different models
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Fig.8 Effect of dataset size on p-Skyline size in

circle-uniform model

5.3 THAEXENEEFM

ARSI 2 8RS B0 G AN E X 0N SV e
. N = 3000, HAHEKL d =2, v = (v,,v,) =
(20,25).

AN XA AR ROBOK, AT B U A
Pr(Q < P) # 0 MR, =41 Event %L
HIEZ, WK 9 Pros. FHEL, Pr(Q < P) # 1K
MERBHE R, 4 Pr(Q < P) =1 i, Hal (3) oI

HERE Pr(P) = 0; Pr(Q < P) # 1 MR
K, W Pr(P) # 0 MR X Pr(P) Mt
SO, AT N T SR I AL BRI ) 6T R
Event 115, R FIHK, T3 |tena — toegn| K, L
BEE R R R SRR A AL PRk, BEAE R 1
AN IE O, PR B BV 1R~ 2 A S 1) 0 AN BRI O
10 B3F 7 ik, B 11 BoR T 2EA RN &
X, 5%k U_CPSC PR ALBERF R BE R (1) 38 K
BOK. b BEEh R ROR BB X IR A, 5
[ T2 X 3k (Rl =42, IR 240 Ellipser, rs =
{(2,1.5), (6,4), (10,8), (14, 10), (18, 15)}.

5.4 BRSHEENEILEM

A S 2 SRR A U SN VA RUCR I . N =
3000, Circleg = 10, FEllipser, rs = (10,8),
v = (vs,v,) = (20,25). 7 Circle-uniform %%
N, FRHFEI AL BN A (12 Bros) A Event A
UL (K 13 (a) Fror) #BBE d R8I0 AS W sk
MEREM R P, Q, 2 d MK, WIAFE NS4 o,
j Al 2P < 28 F xP < ZL'?] AL A AR,
R 15 ) A7AE B 2 SCRC IR 982D, Event BA 31
MU, DR, ot 32RO AT Event v 5 () K
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Fig.9 Effect of R on event size in circle-uniform model
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Fig. 11 Effects of R on algorithm runtime in different models
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