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Continuous Probabilistic Reverse Skyline Query on Moving Objects with Uncertainty

TANG Zhi-jun FAN Ming-suo HE Xian-mang CHEN Hua-hui DONG Yi-hong
(College of Information Science and Engineering, Ningbo University, Ningbo 315211, China)

Abstract Reverse Skyline Queries have been proved usefully in business planning, environmental monitoring and other
applications. Existing researches focus on static reverse skyline, This paper considered reverse skyline queries processing
on moving target objects with uncertainty. On the basis of a detailed analysis of the reverse dominant relationship be-
tween moving objects, by defining reverse dominant probability, reverse skyline probability and the process which lead
to reverse skyline set change,a new process-based algorithm was proposed to handle continuous probabilistic reverse
skyline query on moving object with uncertainty. Types of processes were defined that will affect the - RSky set,and by
tracting and calculating those processes, the p-RSky of any time can be found out speedly. Two pruning rules were pro-
posed to avoid a large number of invalid calculating. Extensive experiments show that our algorithm is efficient and ef-

fective,

Keywords Uncertain data, Moving object, Reverse skyline queries, Reverse skyline probability
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B ARTEMEER T K Skyline X RMAHEN  BIIMR
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B 1 M Skyline Z#)LH)

L4802 Skyline i+ 8 HIBFR FEE T EBANR UKL
ERAHE S, BB EF WA, MR RBB IR T X RIE
BBt IR Skyline ZEHI ) ZELEIRER 5

AXEEFALF |

LB T Hah 35T B R BB TRBER KR
Skyline 3+, §t X XF 5 £ 18 Sh 45k , 2 37 B B X R 9 A B 2
RS, %t 5L Skyline ZHHATHAEHITH

2. TR T B RABAHEIHRE T XHRAMR L
Bl 7, F58 LT X B8] 49 S SRR LA B S Skyline BEZR i
iR, BEPRERK Skyline 45 #) process #HATHRER
T, AT BRI, B T ETF process FHHAHER
X} 5 MR Skyline Zrifj8 % U-PCRS(processes trig-
gered continuous probabilistic Reverse Skyline Query on mov-
ing object with uncertainty) ,

3ENTABBEMEREET HT T XREHILBRE
iE U-PCRS BB HERE, 0 S AL B s AT TXF LK. 5K
e R SR T U-PCRSEB: A M.

2 HXIE
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BEIR Skyline £, RSSA H kR BEBRS E MMk, @Exf
ARSI E 2§ & #, Lian #1 Chen £ 4 T MPRS #1
BPRS Wf IR E B R A BB SN AT S BEE, @ it
B, AR TR SRR/ E W R P RTEE
WU T B 3T T e BB 4 L8R Skyline 2],
FHEBLMEEN G KRR TERMA R R-tree, LA F W,
A /O fRH. Ah Han AR T —FM A TEBSEES
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B, el xRS MR A T R AR RS R
#£.
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ERFEFINE D U-ECPS, ISZ B R Skyline i+ & &4
BEMSAER. SEAHRAR R, &R * Skyline
AR ERYE—IR Skyline #4E, TR R B BB MR #R L B
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3.1 BXEE
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n}rxi >y BRPIHH AN R« B PR B LR, v RS
BRI BE , pasoers b BRI R 1 IBARME. W EREH
0 AR MR REE RS R SR B SR, MERR A
B, A B 2 B SBERE R T RO E AN
b, TR S SR AER ST, FXBEBHNR
LB AR E X IR W L — B KRR B R £z, y) 43T

BB S va ()= (v,0) , 2 v RBFHRIEE R,
OREHES xBIMRM. R 1IHRENL.

#£1 HEREX
Symbol meaning
u<v uXEv
u<v u A LE v
Sky(P) Py Skyline #£
u<qV uXFqHAXE v
DSky(P,q) P#F q ¥4 Skyline &
“2W uXFaLRXE
GSL(P,q) P#F q#4 R Skyline &
RSky(P, ) P %F q WK Skyline £
B NCER™) S MEEE R « Flv,u X v GEE

u<v) 1 Ak AR ST LL/ME A AT AL 3 -

DVi€{1,2,0d)u i<u. i

2)37€ (1,2, sd} yu. j<v. jo

EX 2@EAIR™) SHEMNME SR « Mo, MREHS
HBMEE wHBEL v AN, W o BT v GEFE u<v).

EX 3(Skyline £51)  BEPIESE P, P 1Y Skyline 2
AR EREAIRNEANES. Kb, 8N E#KR Skyline
K. Sky(P)={p|—~IJrEP,h<p}.



BN AGEZEY) BEEAR ¢ W NBIBR «
v,uﬂéﬁ‘:q @ﬁigﬂ 'U(iEﬁE u<q'U) v?ﬁﬁ%ﬁ:

DVYie{1,2,,d}, luwi—q i|<|v.i—q il;

2 356{1,2,,d}slu j—q jl<lvj—qjl.

E X 5(Eh7 Skyline £5)  HHBHEE P A MM ¢,
P %F q H3hs Skyline MBI FABHERXT ¢ 18X
BH S BB S, B DSky(P,@={p|—FREP,h<,p}.

EX 6(L[HZEM) HEENK ¢ MBI EEA « M
v,u XTF ¢ RIDHI vOBIE u <o), W BIEME :

DViIi€e{l2,d) lui—qil<|v.i—qi|,(wi—q D (v
—q. 1)=0;

D35€{1,2,d} s lui—qi|<<|lv.i—q.i].

BN 7(£) Skyline £1)  HEBEESE P MEM K g,
P %F q 2R Skyline MEMN T ¢ LA EEERELEE
Bt A. GSL(P,={p|—~IhE Pk Z.p}.

ENX 8()X Skyline ££11) AHBIEHE P MEMAL g, P
XF g WR Skyline ABEIREENZ Skyline APEER ¢ W
SERMESE, B RSEy(P,)={p| ¥ pEP,qEDSky(p)}.
3.2 BEBSRE

BRIRIR | WA O AL E R (o 3D, LA v () =
o 0O B3 B g BF (20 300 400 BB Ny 0, (2) = (s
6. W7 t ABSIXR i 5EMAE ¢ ZRARRR IR f
Bd(q,isHDRR (i) =z —z) (3 —y)? . & d
(gsir )= vaf Fott+c, W a= (ucosh: —v,c086, ) + (v;sing,
—y,sind, )? , b= 2[ (v;cosf; — v,c088,) (z: — z,) + (v;sind; —
ygsind,) (3 — y¢) o= (z: —z)* +(y: — 3% . EXBIFEH
B B F IR AL B 2, =0, 5,=0,v,=0,6,=0,
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RN S BIRECHEREELRKE. M.
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AW for fo, SRR R 05 0: RIMER B M, 2€ Urp,2: €
Urg, .

pPRSky 6. AERME p€ [0, 1], BE DHFAR
Skyline £ 3 R/NF p BN R R HE S K p-RSky .
-BI:RSEy(p)={z|p(x)=p,xE D},

HTFBHXEAEBBS, BIBHNRE5E RN ZE
HE R RERS E AR, WA BEIXTR 050, H 0:<?o; M
p(0i<20j)=

1,2dmax(q,0; ,t) < dmin(q,o0; ,2)

0,2dmin(g,0; ,t) = dmax(q,o0; st)

[ [ £,,G) £ G fun G2y, sotherwise

Rz, €Uro, ,2i €Uro, + fug » fo, FHNI R 050, WML
BERE.
4,2 ¥ p-RSky W] process

Bahxt R Bt B, K50 S A MEE R AR, &
RRECHR R B B R AR Ak, T 4 BR, (P, f(Q 43
REEA P,Q 5E W S ZRIES MER LB, Maxr,
Mazq SR A P,Q 5EM A ZBE S WBKEET
LREB, Minp,Ming B REHE S P,Q 5E W M Z AL
BB/ MNEBEITERER . Togn BHTL Minp —Mazq= Maxq
HIAE AR s Tt BHTER Mazp — Ming=Ming BT,

(QP TheginTenddown) (PQTheginTendup) T 9 L-RLIAR ZL-2R2L 2L+2R x

4

ZA AV EIXT R B EIX R Skyline X RIIFLIN, 4 3C
ENT TR R p-RSky B4 process 258,

EY 12(down process) XN THEEG SHEIBEREL
R Skyline #9453 & B BB & P.Q, IR dist(q,Q, ) 5 dist
(g, Py ) SHEBTI 2] 21512 € [tagin » Lo 1, fRBE 1<tz , 5 P(Q
<*P)|tt >P(Q<P) |tz B3, W P, Q=4 —4 down
process, BN K Qs Ps tugin » towa » dOWN) o FH tegin J& Mindiist
(g, P,t) —Mazdist(q,Q, t) =Mazxdist(q, Qs t) BN Z ; ta B
Maxdist (g, P,t) — Mindist(q, Q,t) = Mindist(q,Q, ) HIft
Zl.

X 13Cup process) X THEEG SHHEREIELP.
Q, MR dist(q, Q) 5 dist (g, P, ) MEBWN A 21, €
[tbegin slog IR 1<tz 25 P(Q<’P) I <P(Q<*P)lz )37
37, W P, Q FEtE—A™ up processs TN Qs Py tiegin »Loud s UP)
FHH by B Mindist (g, P,t) —Mazxdist(q,Q,t) =Mazxdist(q,
QBB %, ta J& Maxdist (g, Py t) — Mindist(q, Q, 1) =
Mindist(q,Q, ) BRI,
4.3 MWHRR

Bi process & X A1, lt FE— M8 S AR 5XF A
S BT B A B ST B AT BEP= 42 19 process, X F R
BB, 7B P4 W process B RMBE KA. BaIxXd
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process BIBTFE A& B, B A6 A BT BLSRRE AT LI B R

BUAHLN 1 BIEA P’thél‘_:.(PvQ,tbegin s ted s dOWN) ,
TECP s Q5 Laegin » tena » dOWD). tog ZENERFEE—S K,P.K~
H Py K tgin s tot » down) » EL AP, Ky tugin » tens » dOWD), Zos <
(P, Q) tiegin s tent » dOWND, tona » BR ATE (Ps K taegin s Lena » dOWN),
b FICP s Qy Loogin » ten » AOWN >, L Z ] B (K5 Qs Liegin » Long +
down) J& F T3 process. :

JERH BEE S P,Q=H (P, Q) tigin » tons » dOWN) 5 FE Lo B
Z| p(P<2Q)=0, Bl Mindist(q, K,t)>2Maxdist(g, Pst).
TP 2K s tagin ot » QWD FE 1 B$ 2] p (P<CK) =0, B} Mazz-
dist(q, K, t) < 2Mindist (q, P, t). Wi Mindist (g, K, t) >
Mindist(x,P,t), Btk Maxdist(q,Q,t)<2Mindist(q,K,1t),
B p(K<*Q) =0, i AR T K, Q P=H B (K5 Qs tagin »
tend » dOwn) BRI RFEER IE] .

B?ﬁﬂﬁlﬂ 2 ﬁ%‘ﬁ P,Q f‘t’_—LE<P’Q’tugin sbond » UP) ,Q—'lj_
K FF1E up process{ Qs K tugin » tod > UP) » IR ATE (P5 Qs Liugin »
Lot 3UDY s Lpegin K1 Qs Ks tiogin s tond » UPY. tea Z B FEHEHI (P, K,
Liegin »bend » UP) JB T JCBX process,

WA B A Py QT2 (P Qs tingin » Lo » up) s TP Q,
Lingin 3 Leond » UPY .+ tona Bt 2], Mindlist (¢, Q, ) 22 2Maxdist (g, P, 1),
R ZEBAR & Q, K 724 up process{Q, K s tugin st »Up) » {Q,
K tugin s tenad »UPY. torg R, Mindist (g, K, t) >2Maxdist (¢, Q,
0., AN Mazdist(q,Q,t) >Maxdist(q, P,t), Bt Ll Mindist
(¢,K,t)>2Mazxdist(q, Pst) s BRFECPs Qs tivgin » teond » U+ Lpegin
BNCQ K s Luogin s tont »UPY- toa ZNAIFEREBICP s K s Lpagin » tena » UP) B
BRI AT,
4.4 U-PCRSHZZH

Bt BB, TUBRELENZHFAREHAN R
R Skyline BERER & AELK, RA Y PRACUMEREHK
5 QiR MR/ COER BN EARZRXR
Bt 2 Skyline $ER A & 4 254k, P XF % H) process I FF IR 21
B4R e 20 22 [ R TR ) Skyline #ER A4 R A28k,

process F=— N TFLICH (selfy peers tugin s tea s type) s T
sel f Fl peer S35 process HXMB MBI R id 5;
lingin T teu 53 | J& process B FF 4 #0145 3R A 25 1ype B d8
process X F#EI% & self & down process B f& up process,

U-PCRS B k¥ 3fi1d Bt B 3 0R A7 BE B R R RO RE
KA AAAERT R, 77 L2 AL ) process BAFY . process %
FriG st Z R RS R FHFHEF . X T process 2 H K —
B2l ¢, BE3T ¢ B2 process Frxt B AL B A E BT R

[ Skyline #E3%, BNE T p-RSky & .

Procedure; U-PCRS

Input: the set of moving objects D, query point q

a user-specified probability threshold p,time interval T.

Output: the p-RSky at any time instant t within T

1. Initialization() ;

2., Creat_process();

3. Handle process();
Algorithm 1

Input; the set of moving objects D, query point q

Output: the candidates of RSL(q)

1. for any point i in D

2. if(p, ¢ GSL(q)) then discard i

3. else for any point p, in GSL(q)

Initialization()



4, for each point p;(j! =i) in D

5. compare(p; ’pj);//li"ﬁ]' 5 i8S RH%®
6. if lq—p|<Ip;—nl

7. flag(p;sp)=1;

8. push j into the L;;

9. Else flag(p;»p;)=0;

10. add i to the result set;

11. return the candidates of RSL(q)

U-PCRS B #: 19 Initialization ) IRt T E R E#
B MR Skyline EEEN RS, HEEHTRELY
& Skyline 824 M T8 21810 ZI R BB L D B Skyline
£.

U-PCRS & 3k Creat_processO) B Ih 8B & 318 A BE Xt
pRSky PR W) process HIFF IR B BT 2, FERFF teogin »
twi o Handle_process O 89T HESE 4L process AT H38 4 BY
B EF XML B AT ERSIXT R KR Skyline #EZR, AT
#—HEH pRSky.

Algorithm 2 Creat_process()

Input, the set of moving objects D, query point q
Qutput; processes that may affect the p-skyline
1. for any point i in the candidate of RSL(q)
2, for each point j in L;
3. computer a,b,c in term of q for i,j and the intersection time t,
4. compute process time(i,j);//3 ¥ process BT IR FNEE R A 2
5 if tend <<=T//AR process
6. judge the process type of (i,j);//¥I¥i% process BIFEHRY
7 push it into Qi;//%& %X process MIA Q
Algorithm 3 Handle processO)
Input; the set of the candidate RSL (q),query point q
Output; the p-RSky at any time t within T.
1. For any two point i,j in the candidate of RSL{q)
2. while (time++<=T)
3. while(Queue(Q:)!=NULL)
p= Queue(Q:) , k=Queue(Q:);
Update(Qx) ; //according to pruning rule 1
while(Queue(Q;)! =NULL& & Queue(Q;)!=NULL)
p=Queue(Q) k= Queue(Q;);
7. Update(Q:) ; //according to pruning rule 2
8. Update(p-RSky)
4.5 HEHESSHT

A 30K Skyline BER BB 4 BF2E, B S WBBEE R
w,v [ BRERRY, RAEHBSEEE LR Skyline 2
SCHYEA BB B A R B e S R RIBA R E R
X RO E, ABEER Skyline 2331 H K Skyline HIBE3,
HWHEFTAFRE. S AREBIROEEBH L
T KEH) process, HWATHEARM, 1B 5 T P BY B K BE
X BYHLE B9 process WIRER T E M LIS S HER »
RSky 84  MALE - AL B HEMEES, B> TEA
AR IERIE.

Xt FEHRSE P B P A58 A w. v, Algorithm 1 Hr g
SR EA RS IR LT OBt LB BURYS 5, BB
BRFRETIER, WHRREY n(n— 1 R ERER
old s n(n—1)) , Hh d WS RENLER,. Algorithm 2 #
X FAE RS AN EE TR X R ERRE N n(n—
1>/2, TRt 3h % 52 B S48 o 6] i BE 8 WY 2R R tiegin » Lot LA

I A

B HIB = A2 ) process JRUWT DAFE H H0t 18] Py 52 B » B 1B B 2%
EX ok » n(n—1)/2), Algorithm 3 TEBIFRIER T HRELE
B2 E n(n—1)/2 4 process, B RIZ ZEH ok * n(n
—1)). BEXHTEEE R » KU, HK Skyline R R ARFE
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