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Abstract  The continuous £ nearest neighbor queries over spatial textual data streams (CkQST
for short) retrieve and continuously monitor at most k£ nearest neighbor objects to the user specified
location containing all the user specified keywords over the data streams composed of spatial
textual objects, which is a type of continuous queries over spatial textual data streams and has
been widely used in a wide variety of location based applications, such as location aware targeting
of advertisements, analysis of microblogs and mobile navigation services etc. by way of subscriptions.
Evaluating CkQST utilizes the solution framework of evaluating the generic continuous queries

over spatial textual data streams, i. e. selecting a spatial index and a textual index to form a hybrid
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spatial textual index to organize the queries, and matching the incoming objects continuously
generated utilizing the spatial and textual filtering capabilities of the index. In this framework,
the evaluation efficiency depends on the filtering ability of the index, and the major approach to
improving the filtering ability of the index is to map the spatial search range of the queries to the
smallest area of the index structure to reduce the number of queries being verified by the objects
over data streams, which is suitable for the situations where the search range of the queries rarely
changes. For CkQST, the spatial range covering k£ nearest neighbor qualified objects frequently
changes with the number of the objects containing all the query keywords, and accordingly the
index should be updated synchronously, which requires very expensive cost. To solve the problem,
this paper selects the Quad-tree integrated with an inverted index to construct a hybrid spatial
textual index to organize CkQST, where the Quad-tree can efficiently support the frequent
change of the spatial range of CkQST, and the inverted index can efficiently support the keyword
query. With respect to the spatial filtering, a memory based cost model VUMBCM (Verification
and Update of Memory Based Cost Model) is proposed to optimize the mapping the search range
of CkQST to the Quad-tree nodes by trading off the verification cost and update cost of index;
With respect to the textual filtering, a block based ordered inverted index is proposed to organize
CkQST at the Quad-tree nodes, which can quickly locate the promising queries and avoid verifying
a large number of unpromising queries in the posting lists. Additionally, the ordered inverted
index allows multiple objects over data streams containing common texts to be processed in a
batch, which can improve the throughput performance during textual verification. The above hybrid
index integrated the Quad-tree with the block based ordered inverted index and the cost model is
called OIQ-tree. The extensive experiments on real world and synthetic datasets demonstrate
that the proposed index OIQ-tree can efficiently evaluate CkQST. Compared with the state of the
art techniques, when the number of the subscribed queries reaches 20 million, the average index
updating time caused by the incoming objects over the data streams decreases by 46 %, and the

average incoming objects processing time decreases by 22%.

Keywords spatial-textual query; data streams; spatial-textual index; % nearest neighbor;

continuous query

n,

51

][I

23 [A) SCAS BRI _E % £ k31 4R 25 1] (Continuous

n,

k-nearest neighbor Queries over Spatial-Textual
data streams, CkQST) J& 123 [A] SCAXS G505 7t Lk
FRIF LIS BB b A0 48 8 SCHE T (CUA) 11 %3 1) 48
PEXF R T2 B T A AR T B AR 55

g

My

B 1R T — A5 2E S0 CkQST SE4. ¢, i) i) SO BB AR A 51| 157 2
% Z G 5 AN P BUT I CKQST {qy+ee g5 } @ Awpwews) o lwpwpww 6
SABEERIE ORI & o0 B DT DT
G0 2225 T AN B 43 N A o [ BB A /N SE U HE AR q {wysw, } ty o, A{wpywysws,ws,wg ) t6
WA SUARES LB BIR ZIEE R T 550 . & g5 (wpwpws) 4 o5 Awiwpwewr £

AN ) B AR 2 4 E SO I SR Al X &R

A 1

CkQST 24



1734 it "

Hl

Y,
&

i 2021 4F

23 6] X = )2 Quad-tree ™ 412, I 3445 SR K Gt
TR N oL LA g BT 2 i %) (0]
ZERAEorsor b Lhgn ot B {ons o0 ) I /N B
B X CoiR ol g 1 28 8] 38 R G L o0 I 20 80 4
Lo Bk, A AL EAEIE 1 bR, 8 U
{wiswy vy b BRS¢ fqu BFUARIEA ¢ 1Y%
48 R Co AHZ A TEA 078 [R]E FR H
CiWsqi IS5 LT BN {os - 00} 25 (8] 48 &35 [ 5
BN CloqM2E AR T 23 48 RSB ASAE. o 1 1,
05 FI . CT P I AL SCAR UG it 4% 7 1 % 52 8 i R 2
2ANVEHTN o TR AR GBS R R (0000 ) s
2% (] 14 2R Y R BB C.

ek, 1 2 1) SCA B i 1 i 22 45 i) (Con-
tinuous Queries over Spatial-Textual data streams,
CQSTO I —F . K i CkQST Rk CQST 1K fift HE
28, BVAR A A ) R P IR 2 i s RV R 5 SR R
g e S ] SCATR A R g | H 2 s R R 51 =5
() 60 SCAS 3t 18 RE 7 R A5 365 14 4 0 SR W DI 3 A %K
8 U B 0 G 3 DB R B AN W) RE DT IC A AT )L 3R i
HHICERCRS M E A R H AR 414 CkQST
BF A LU AR

(1) e 18] 3 98 J7 18 SR A CkQST 7 22 4] Wy %f
RygEN T WP LE A ih) 1Y 25 ] R N &S AR 5
R-tree.Quad-tree 2538 % #% FH 2R 40 41 CQSTH ¥, #¢
T 114 23 [R]85 2R 9 il AT LA R 22> 15 s B 5 AN TR 1Y
B G XL B 5 ) 2R 51 1Y 3 U8 A8 ) K AR A
[ 305 25 ] 28 5 | 0 A 5 0 108 B g 5 I R AR
P2 JE . X T CkQST, B A £F & SCAS VL T 2% 1
R0 G 1 21 0 B ) 3 JFG 2 (i) 48 28310 L Bt =2 2% .
TS CkQST /Y 23 (6] 18 2R Y Fil L 4 0] B i R 51 BE
A RS UERE T U IR SR 2 oK i CkQST
T AR R 1z B 2 g0 B A8 TR R E
il C AT WL R R AT — A8 GO AR & 1 N
FlnohAmanyangon b sy angsne b {ns g
N7 Mg s My s Mg 27y ) 700 s Mg s 111 5 Mys 5 1y 5 1007 ). Aoy IO ST
N g b AT BB {no ) AR, B9 681 HE 21 2, (H 2 V8 A
{ng XS R THE Y g LRI UE B 5] 38 A8
AN I UERE ST 5. A B O (o amg o s s g
ity L BB 6 ST s rp A Y ) HE S R H 2 X 6 4
TR T 1 XN T (n ) B S A DI AT DL A g
CUEAROE SN S BuR/¥: DAL Y EPS I TR A i =2y
XF RN I 2] 43 A1 IS R S IR AR H L R D
7/16 AHRZ G FH R G AN 21T 1 6 1.
P, o CkQST /Y =3 [W] 8 R Fil 5 23 0] 3 k&

AN — A ORI IE — A B A PSR Y 0] . B R
A T TS A B8 0 s 3K — [ A0 28 4

P CQST =5 [l i & ik ) £ 24 W A ik 12 .
@ K i) 1 2 (8] 48 F 70 [ e O 2 2R 51 45 4 1) B
ANIR S DAk /D 7 G A A A R R X — s iR
T T A ) s A48 R AR D AR A 1 O A i) A
[i] 48 0 L A T R 2 3 o B R 5] AR
Hrs @ #4250 1Y =5 (8] 48 2250 Fl e 5 3 0 7 Al i 1)
B AT Dk 2R 5| i EE L H R R T A Rk
G023 18] 43 A5 15 B 76 56 UE X 52 15 4% 1) 2 15 DT i A
o BB — I R N T A A ). X T CkQST, R 46
— Mo TR B B R 51 H R R TS A
RS BEARR G 1T JERE Ty, 3G IR A A, 5 3 AR
AN B R S R CkQST (R .

(2) FESCAS L U8 J7 10 5 oK fifF CkQST 75 2 55 ik X
GAT T T WP A 1A 11 4 OGS L B HE R 51 E Bk
FASR LU CQST 100 a8 3 i) SCAR 1) 2 4 4 )
Bl A A SCAS XTI (0 9] 2. 5 X G ) 2 1% SCAS L U B
UEF 2R A 25 90 1 F 8 SO IR 5 5 X R SCAS L C.
s A {5 HE 22 5 | B 1) 2 B TR 3 0 A i Y SO AR
Xof 1o (1 HE B 2R 23 AR L 3 RIS E Gl ) i 81 R Y
G S RSO = 1 RPN 7 1 BT o S S e B o
@ oA A )AL 15 SCAR X R 1Y 51 2% 8 A IR0 4 A 1 e
St 1) 3 2% BIMI A3 S AR X 07 1) 31 3% AR 3% 453 3% v
A AR T A B T R A (R A S AR
A AR IR AR 2. 51 36 mT BEAR SR AR 1< s @ 1 i Se A
K43 VR BE QA 7 S e R Y T R
O % B v TR DR ASSE FH T PN A 0 A
B O B HEF 2 H 0 A 38 % R LR HE
A& CkQST & A7 %5 7 9 AH b1 ME 2. DA b =%
WARESAGE 2 &S HE CRQST My SCA L 8. sk, 4
A5 B A [R) SCAS 190 % G 41 2 31 08 1 2% SCAR ) 7 1 151
5] 2 7 S I [0 9 B8 A0 57 [) L T B e O 391

MG CkQST iy F5k , A8 R A Quad-tree fE
HzE BRG] A Quad-tree 15 gL B — AT
BIHEZR T LAIE I A5 1) 2 (8] 48 2830 [ 1 2 548 1k, BR
Hoh O1Q-tree. 2y fif P b iR $k %, A< SCHE i — A~
FEARI AL 255 2% IR 51 1Y 1 IR RE ) SRR
H4 CkQST 75 [A] 4 2 3 [ e S5 3] — 20 fie £ 25 0] 9 mid
e FEAS T RN R L TR A R EIHER 51,
PR AV e 0 E 1 A 9 kO {5 HE B 2 b oK i
AN]R8 D e A5 98] 1Y) 15 0] 5 AT G AL i I L 4
Xt A AL AR SCI AN HT A

(D) 42 H WA B A VUMBCM (Verification



8 #l B HAF: OlQ-tree: — B STHRF R MU A A SCAS KU I 38 22 & T4 Y R T 1735

and Update of Memory-Based Cost Model). VUMBCM
55 % B R T A A S AN S E A, B i
N CkQST #4725 ] 48 2R 30 Hil e S5 21 BA A [ kL
JEH) Quad-tree 5 AR5 . M DR 5100 B B 3 2L
RS ESEIEIN

(2) T #Ex 25 & R B IERCE , 7E Quad-
tree 5 s R H R T B m A P 80 HE R 5 | 2 244 30 1) SC
Ay LAY /D i 850U 1) A 80 B0 5 SR X G oAb B
PR S 2 A 5 [R] SOAR i 0 R AL 52 00 48 R 51
1Y 5] Yol 20 %o 81 HE 51 2 1) 7 5] B

(3) KB4 Btk W], OIQ-tree K H:
T TC F) SR HAT R S5 BT i R L RE S AR 4 3t S
FER MR E 1 CkQST K.

ARTCER 2 A5 4K CkQST A SC TAE 26 3
TIE A A CkQST 25 4 544 OIQ-tree 1 KB
AR KRH L B0 RAL BT v 5 56 5 A AR SCRY L5
RSS2 25 R PEAT 0 M B 6 1 X AR SC AR AT

4 ok
pSELH

2 HXIE

KA CkQST , — 5 TH Ty B 2E $R45 24 19 25 (] SC A
RAETIHL CkQST, I —J7 1l 77 2 iz FIE 4 19 i
IR S T REHL AR R G B R RE T L BRI 4
A7 1 B AN R G R, A AR R T e B
AHL CQST W FR | S5 A if) 25 1] 38 R0 B 2 =
() 747 5 Bl SR 5 W R S A N G B A B ) SCAR R
M.

AR CQST WA MIEX RS CQST = [l 4¥
Y VE FL B L PB4 CQST W& 5150 A B
Fe: (1) SCRFTE AR A& 25 (] 4E R0 H N IS X R R
1P T LA SRV A )L 1Q-treet B Quad-
tree Fll Ranked key {81 HE51] 2 14 @ . 42 160 1) 25 0] 44
R0 [ W 21 Quad-tree [ 22 AN 55, it & 5 B, L
Yo/ A5 VA A O B B0 R 5 B A M. FASTH
H 25 ) 4 7 B K H I G B R g A A R A A
T B S 7 Y R R E A ) A Ranked key
{5 HE 51 36 J& A7 5% F . Ap-treet™ K&
Ap-tree™ fy WS FI A T 56 B o LR £ 4 —
A AR 53 Sy A3 6] BSOS T LASE N A Y
25 ) e SCAR A A TR A &R 51 i S A Oplndex™™
Tl )T R0 A% 20 21 A 9 Y [ DA OE N A iR A5 8.
R'-tree'™ H R-tree AEIHER 51 # 7E R-tree &% )2
WAl HERAT AN AW — D R,

PABE IS 550 SCA G UERE T 5 (2) L RFTE A 25 1)
DX I PN VG il % 42 i R 5 1H Y T i 22 L Top-k
A R A R 917 B Rtree R8I HER 50 2. 78
R-tree 7 o5 v 42 B (8 HE 51 3R 5 2 ()& OE B R A
JEtE. RS RS Quad-tree FEIHER 5144 # . 7E
BT S EIHES R b A AR 4R R 4 S 50 AL, B
A PR BE T HEB. TR ARSI K IQ* -tree!
H Quad-tree FVEHER 5144 G 78497 50 4%
V151 0 23 (] 48 3 B2 K A if) R 43 B 22 4l L 7E A
g BT EIHER G B A — A Bk
AARUEE . RI-tree ' 1 R-tree I 8l 25 X i) 1 #4 #E.
N T 2B AR U X R AL FE, Wang 4 Y
Chen 5§ A"l Mahmood % AM 858 T 43 i 30 IR
S5 2R SEHE I CQST 2y i 1 43 Bc A fb 33 325, bk 4h
SCRFAS A 2R B AT AR R 51T S A )
kI AR AT ). X AR 51K A I Y 2 (8] 98 2R e g
) 0 7 A T A% L R BRSO &R

ARG F A 8] &K 5] (Quad-treet* | 4 5
LT R R B R-treel®T 1 4y o] 40 Ay 4 Y L 7
Z3 [ 49 20 R SCAS &R 5] (Ranked key {5 4 5]
T AP R Y B HER B B X ]
PR A AU O IR T LA R SRR, DU PR
b BEER g X 52 % F a3 R &R B Quad-tree, ]
6 R 4 I8 S A E) BR s AR 2R 51, 1T Y i A AS R
FH 0 1 25 ] 40 A o 32 AR HUKE 23 18] X 8 R 4y o 24
BI5) ANE B 0 X B R A S5 R R I 45 1
JH#E s Rotree J& B SR sh 7 &R 51, 4 o5 4 BB 119
243 [ 900 B sl o7, 2 ) AR o pl i kA
A B T B 2 5 R 4R S R-tree 2544 1 37, X T
AR G| HER 5] K Ranked key {5 HE51 3 b i 5k
i 2 TP 14 24 5% 5 3% v (9 5000 64T 30 E I, T %
— I HIE s A 7 R T IR P R B R A R R
BEIG AL B SCAR I 43 3 SEIHER S . R 51
HE 2% HH M K.

CkQST #iZ AL & 4348 5 i X 42 . 77 22
H A CkQST e 4 — 4> & id 1Y 25 [ 48 KL L L
PRAERE AT F 2 & AN 2 A5 70 1 X 4, SOR T 2255 4F
W Z R L. X RE . CkQST Ay 23 i) 38 22 3 B b % il
JE AR 20 14 %o 52 19 30 ok e B T 2l A8 AR Ak TR
S CkQST MR A R 9| BEZ A @ sk 1 I8 e 71
N EA BRI R 5 A

i % A R TS B B 5 187 S A R A SR R
G R B1e, SR i CkQST J& 7E 2l 245 28 b iy 23 [
8 2291 L PN 36 3 R 19 X 4 R A A SO 2 L



1736 it

Hl

i 2021 4F

Y,
&

"
b AT 41280 CkQST 2y 45 583 11 25 1] 44 2% 3 [ 2
KA.

ARG L, 2R %5 MR 5] R-tree fll
Quad-tree S HF7%5 A I F AL R-tree M7 £ 0 2
ECOA AT SRR Y AU BB Quad-tree WA 23,
K AR SCF) F Quad-tree 4H2H CkQST #Y 25 [8] 48 2%
BN G

TE A ) 25 (8] 35 2R 90 1] 3] 2 8] 00 5 LA Oy
17 - 1Q- treet ™ 3 4 — A1 A 455 LK {51 41k 371 35 o 11 5
TR Y 72 ()48 2R3 [ e S 30 4 3 1) — 21 Quad-tree {5
RS DA/ 2 ) 4% A SO BR 3 B R 51 T B 1/0
My R B B H R AR, FASTY 5% J 25 6] 4 7 35 40
ST V) 1Y) 25 A 45 2R3 1R AR Y 5 T o AR 64 5 1Y
SCAS Ry 590 4R A8 AT A S AR SO 1) £ i)
AR EBARZ W 5 AR s o R
e A SCAS 1) A 1 4 A B A 2 1 22 DI /N R
SR ST A HT B 38 1 A 1R 2 R A S
[F1) 705 P A B AR 23 A . Ap-treet™ J Ap-tree ™ Al 4fg 2
T 1Y 23 (8] S0 A — A Rl o B f s | A% =
KRG H L% B A RO A i AR R B 1 R 47 1Y)
PERE. {H 2 LB S & — KPR Y AN 25 A 1) 28 ()48 R
v FEL 19 2l 25 5. SR 0T I 2H 2 A ) S ] 4 R
BRI BT BT 2 5 BOF 51 45 0 A W7 5 . AR ORI A
Quad-tree 95 s 24 B | ] — 7 BE 1 A B S 09 R
PE AR B B AN B VUMBCM, Jy CkQST 4
25 B 48 270 [ A H R B i OIQ-tree 5 £,
TEZR 51 38 U8 e 7 AT A A 2 1] A -

FTHNEHAELER AT KB Nk
G 41 HAL PR B AR A 1 50 UE A B A ROR AR B IS
IO S B o 2R g | 1 i BRI O K A 1 4 A Ranked
key I HES 3R 8 H A 77 O T T IR AN &
T B SCAS 93 A K A 78 Ak 2 3 B W E Ranked key
RIHE S 2 R Fy O 58 7 7 UG ] 2 52 9 3% TR AN
TE T AP A R B BT 3 B Ap-tree™
Ap-tree "SR FA I o0 7 o ML 21 LA O 8 A
WA 2] f A F SCA X (A 24> % 438 Ty 7] — 3¢
AR [A] B ATt Ak BT G2 HJR R T I A D T
FON A ) T R AR 3 T A B R AR S SOAR
B 0 5. e Ah T A R G BR  r AR R AR AR A
I o 2 E T R0 3 SOAS DX JA) AN 3 5 A P A ) 4
B 5. Wang S W 7853 ()47 40 14 45 HE
H v o 2 i $i A AL E TR HE S L AT At A B T
AR T AE 0 1Y & S8

It A, Wut | Huang™ . Guo™ | Zheng™! |

Salgado™**' \Oh"™* &5 A B 5¢ %5 0] SCA B 3l % 2 4%
) A 7E RS Sl 7 P W REAS 2 2 29 R SRR Y
SRR N AR AT B R v A 0 DU T
X T LA I T T 0 A 2l 14 £ A B0 G S A
X 3.

AR SO 23 18] 4 5 B RS K P ) CRQST #240
B SCAHEY » B2 & 73 B SR o Ak DR 555 A 1) SCAR 119
Xt G IR AL Ak B ] L

3 EBENX

A A fb CkQST.
EX 1. A SCARN G, R R E— 48 8 3

AN G R TR N o= oc,pst,) s Hodt o.loc FRRIT G
MRS, G R R 0. Fom XTI S HEF
Je— B THNCAE Y B UAES 0. RN X R F
W 2. B b ] SCARXT R R O.

EX 2. AAISCARBE R FESE & TSR A A
—A4~ CkQST £ H q= (loc,tp,k,t(),,ﬁ\:qj q.loc,
q. B q .t BAEG A 8] SCA R G A0 38 3L, 3 il 3k
INATIH) g BB OC B S B 2, gk FROR
KR G B FE .t B2 AT FR 82N ¢ 1A
kAL R E R T RIXGAE E N ¢(0) ={o€ O
0. 2q.¢ Ndist(o,q) <q.kdist}, X H dist(o,q)
Ko q WIBKIRHEES . q.kdist FR GRTHE %] g 55
b A B SR IT 25 R BB B PR O I R AR A g
S A — AN N gL locs AR g kdist 1 1HTE
2 ARG L iC K ¢.SR,.

FESC 2 )R S AT R A N T — A
(Ad-hoc query) T & H. — K 2 1) H 1T 58 2 38 B} %)
45 . ¥ B 2 P T Csubseribe) Y 5 — B
IR 40 A A A0 ) A 3 L A RO N L B BN I X R
O P RS Wi NN R c g

1 AR R 45 8] SCA X G2 v 28 R A 4
BT BB s b R AT AR BB 8 &R L T CkQST
JE U 3R I AT K. 7R T SCH W R IR B
“RERHE A A SCAR R R L A7 HE CkQST, “&7 48
q.k s BRI 4 25 18 SCA B . O TR A Ty
BRI AR Vv i SO B RPN B RAR K
Wity 0 2|V [ —1 Z [ M85 IF T w RoR. A
IR RAL TG W SCAEA 5 IF U T 5.9 7]
R .9 TR AKAETF q.9lij]= U q.g[1]E
N g FNER  ASE G A B 1] Y T AT G A



8 #l 7]

HAF: OIQ-tree: — P 345 ROMUAR 2 1R SUA Bodl it 25 & 3 2B A0 19 K 5 1737

ﬁiﬂﬁ%é‘qq.sb[:i]:“L[Jﬁq.gb[lH%/% q.¢ PANEE 1A
R FN 2R ¢ A OB 1A] 1Y T A ¢ B A R Y 4R
{%»q-gb[i:]=l<lgwq-¢[1]i‘%% q.¢ A AR
FZIG WA R T G X R o G
UEER=

i) BB R, 45 2 e i CkQST 4 Q KM AW o
B 2 B SCAR B R A O B> CkQST 7E %5 7] 3C
ABPEIR LR R A BT s
EHIP IS HNPOE B

AR A T8 =95 9 3E . A S0 CkQST H OlQ-tree
AL, DL Ak B P B Ok X R X 4
IL-Quadtree®® H 4, DI P &+ CkQST 11 £ 4> 5%
BTy as R, R 1A T AR SRR RS

®x1 H#S
755 filiik

CkQST (kg Hy b FE A B | 5687
o 2R %) G 1 B3t B B AR 2D

BOPE U PN R R o i 3 JEL L

q(q.locsq.¢sq.ksq.1.)

o(o.locso.ds0.1,)

ES = &R P
q(0) (q.kdist-q.SRy)  q WIERE GERPAR L 28 ML ZERED
Q.0 CkQST 4 B HuHfi I b 0 524k

qgl:ilsqolizilqeli:] ¢ BEMREFETE
‘ (14/;‘ s ‘ u.g[;‘ q B o 45 (Y OC Ml RO
N.,n OIQ-tree BT &

N.R,Area(N) TN A (] R R I TR
Ple. ., KT wo;y w;o 0 L 1B HE 51
|B| {81 HE 1 3200 5 B B i
byb, {81 HE 5] 2 o i1 B
br.g O P A I 5 = A S AR
b,.minw, b,.maxw B rp A0 5 = G B B B/ L B R ME
[ 6] B b v A i A
O He 5657 X 1] R 4 K BE
vavD A A GRlIE AR b SCA B0
Cv(g-N) q REEAT AN g B TEAR A
Po(ND R IEATT N Bt
22 Cw) N HE=A KT R w; s w,y »w, A
Ve T 5 56 IF B MR
Ev(q|ND g AN A 1 B8R AR A 0 R [
ACy . ACo ﬁiﬁ@&\%iﬁ%ﬁﬁ%;ﬁ%@&%ﬁﬂﬁ%%
S BRAE A SE B A 22 (8
N.height 0, 705 N FrfE R & OIQ-tree 17
4 OIQ-tree

AATHE OIQ-tree—— A4 4 CkQST
MRS 4.1 44 OlQ-tree Ryl 4. 2 iR AT
BIHEZR 515 4.3 5 4 24 5 ik 25 () 18 2R 3 e g 5
OIQ-tree 15 g Y WAFAUMN 5 VUMBCM; X} 4 4k
PREVELE 4.4 e 4.5 W RS I 44
Bk

4.1 OIQ-tree &3]

Quad-tree 17 L HA Z R | 7] — A0 5 S AE &
B IYFE R OIQ-tree | ] Quad-tree ZH 21 45 ] 1Y =5
()45 2R 90 Bl o DA N 1230 [ 9 8 2878 4K s 78 Quad-tree
AT S R A P EIHER 51 A B 1 OB A
T ) ) 25 8] SCA TR G & 5 .

T EEEFLENALA OIQ-tree F A
Quad-tree 41 245 1) 1Y 25 (A48 R L 75 20 20
i ) Quad-tree B — 4175 g1, RIFE A 40 A B X
AT R R HEZR T | 3 Tl B S 4 R O DG B

EX 3. RHK HEMEER g L—HT g
NS={n;s=,n;}, NS J Jr 4 95 5 09 25 8] X 35 1) I
AR 5 A 1) 2 (A 4 R Eﬂll[yvsn,.RQq.SRk,%

FUEWNAL BB A A 05 ny, 25 8] XN &, B
n, .RNn, . R= . H 5% #)75 A48 R0 B A 585,
BV q.SR.Mn;, . R T 454 g AR Honiseom
AN HEZ 5 H AR ¢ G i8R NS, n, R IRy
KL S ] DX

B B2 g 9 2S TS R FEL D C sy s 4
NS={ny,nesn1n3sn4smy ) e E X 3 F A S
P4 B NS H R A5 a8 25 (B R IR AR 5 Co
RTS8 () I AR S AR BT A 7S )
XI5 CoA 8 g T BT s 8 NS, di i
55 1R TR M CRQST Mk ng e vl a0, #ifl 5
Quad-tree 5 5 (1 S IR 2 — > E A Pk A 1Y n) .

BEWXBEFHHEL. 50T ST, OlQ-tree
AR TP my A B HE R 51 H 8 A . 72 B HER 5]
H, OB X Iz 1 0 HE 510 3R e Y B8 E R T T
(. AT T 56 I 2k 10 X 52 5 A0 A A IR 1 4
KB AR U AE A o 1A 5GBS 0 A 8]
Figerp. B 2 ZXTE 1 g 5 A2 iR S £ HE A
2L B 2Ca) S AR A A B S 1 /> S0 5 0 R i A5
HEZN % 1 2 () J2 K 25 10 4 A SRR O B 57 X)L 7Y
fBIHE5 2 , Bl Ranked key {8 HE51 3%, 24X Bk,
2 oy LIS U AH N AR HE 51 2% b B A B A, ok
S-SR F NN S S S TRSPOE
ASVE L.

w{a e e o e ]

(a) BEIFHEFIR

-
]
wos[a o]
o

(b) Ranked keyf#| %1 %
B2 5 HEZ 3R )



1738 it <A

Hl

Y,
&

i 2021 4F

O1Q-tree {iff FHI A F7 8 HE 1) 2 . i 52 % 51 2 b o
A A I B A £ HE S 3R P AR R
KT T HES AE IR % 5 R — BT R A SC
FH/NT AT AW S A BT A R B 1
HRR S AN A SIS 1 A S B A (R 81 R
e, U R BHES  An 1B 3 R, B4 os BRI,
Bk [ R 31 2 5 05 (1 G B TR/ T g0 IR BT 2 L i
MY UEF] g, B L 2RI K A 5 E.

sl [ a (@ (1]
&3 HLOCHR YA T B HES KR

4.2 AR EHERS

B UE X 45 2 ) A UE T . X 4 5 A i) G B
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b,.maxw=maxq,.¢[3]<min{w€o.¢|w>w,},0
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LRG0 55 A~ 5% B 7 #8 e SF 7E {81 1 51 3% A ) ) B
e UE TR S R ATy S =2 R T
m(m=> 1A 5 B 7 1 2 10 8 1 51 3% A $R AU

m—1

2 (| ) loBlV I"1QI) 5 Q R R R
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SR, BEREIRIETY s 4R B %L ChooseNodeSet (N, q).
I g 25 s N /NI A 45

it B EE . SR M e AR & 19 45 AR

1. IF N.height=0, THEN RETURN N;
2. NS<; NodeQueue<N;

3. WHILE NodeQueue! =NULL

4. n<NodeQueue[ 1];

5. IF n.height=0, THEN

6. NS<—n; CONTINUE;

7. nsc<—J ;

8. FOR i=0.3
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11, 38 ACy . ACy
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13.  ELSE NS<n;

14. RETURN NS;
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Background

The continuous % nearest neighbor query over Spatial-
Textual data streams (CkQST) is the core operation in
numerous location-based publish/subscribe systems and has
been widely used in a variety of location-based applications.
The existing works aim to mainly investigate the continuous
Boolean range query and top-k query. The common approach
for evaluating generic continuous queries over spatial-textual
data streams consists of selecting an appropriate spatial index
and a textual index to form a hybrid spatial-textual index,
and exploiting it with appropriate spatial and/or textual
filtering strategies to process the incoming objects according
to the features of queries. Compared with the continuous
Boolean range query and top-k query, the search range of
CkQST covering £ nearest neighbor objects changes frequently
with the arrival and expiration of qualified objects, which
requires the index to have both strong filtering ability and
low update cost, which is challenging because the existed
spatial-textual indexes don’t update efficiently as the dataset
frequently updated. This work extends Quad-tree with an
inverted index, and exploits it with some techniques to effi-

ciently evaluate CkQST. Compared with the state of the art
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techniques, when the number of the subscribed queries rea-
ches 20 million, the average index updating time caused by
the incoming objects over the data streams decreases by 46 % ,
and the average incoming objects processing time decreases
by 22%.
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study the query interactions in predicting query response
time, i. e. when multiple queries concurrent run, we predict
and evaluate the query response time. In this project, we
predict and evaluate the response time of queries across
multiple domains, such as audio retrieval, image retrieval
and spatial-textual data retrieval. Predicting and Evaluating
query response time is a fundamental issue for many tasks
related to managing database systems. We have proposed
some basic methods to predict and evaluate the response time
of queries in database, and have done a lot of work in the
fields of audio retrieval, image retrieval and spatial-textual
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