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Abstract: To solve the problem of multiple continuous K nearest neighbor (KNN) queries over moving objects,
considering the development of multi-core and multi-threading technologies, a two-stage framework is proposed for
Multi-Threading Processing of Multiple Continuous KNN Queries (MPMCQ). This includes a preprocessing stage
and a query execution stage to carry out the data updating task and the query execution task separately. In each of
the stages, techniques are designed to optimize the cache access hit ratio and improve the parallelism through
multi-threading. A query grouping technique in the query execution stage is proposed to improve the data temporal
locality when accessing the memory. Thus, the cache hit ratio can be guaranteed. A KNN query algorithm is given
based on the MPMCQ framework and the grid index for moving objects. Extensive experiments are carried out to
verify that by adopting the multi-threading and the cache optimization technologies, the proposed framework
implements a much superior performance than other famous algorithms; moreover, it maintains excellent
performance scalability when executed under different multi-core CPUs.

Key words:  moving object; continuous KNN query; multi-core and multi-threading; cache optimization; query

grouping
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Fig.1 Framework of MPMCQ
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Fig.2 Detailed explanations to the preprocessing stage
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Fig.3 Detailed explanations to the query execution stage
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Fig.4 Sorting the queries by Hilbert curve
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Fig.5 Influence region of CKNN query
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Ng=Sumgx(ToxK)/C,N:=Ng,Ng=0.5xC/(T;xK).

Table 1 Symbols and their meanings used in the clustering algorithm

R 1 ORIELAMEMAF 5 LA S

Symbols Meanings
Cc L2 cache size
To Size of each moving object tuple
O Total cell numbers
Sumg Total query numbers

(2) AP AT bR IEZE T B 0, FT 4 o 8] AR B FBR 65
W T5 | ASE S AR U, H AL B WA AT R bR 22 R AT o B
13 :
O :|:N_Zs(qmjrqj)j| )
j =t
Soft N, 278 | A UL B A KL, 0y B SLAL . o FO 1 4 7 4L BT E v 22 T B 6 7 1 R oy 6, ) %
NGRS SR
XFER T FIER § AN 2R U, JL Ao T A AL T 55
di=S(a;,9)),
HAH 275 T ZH 100 AH AU R S 190 2 o T 8 A A B PR 6 7 T R o> 0, T 585 R j 2 7R ZE5 3 Ol — 4.
T RS Bl % R AEIZ B 78 1) v 34 50 G0 A1 AN B TE AR P35 Nl 8™ AN B4, RS K 40 25 K B3,
A5 ) Kx PN A BTG A RE SR 1 45 L. 0 /N L 6 B K, J0) 4 2013 R bl 1L 9 201 20 L e 2 Oy o

2 2
o LK, 1K
8 N, 4 N,

(3) BEUCIEACH AT LA I (K20 ¥ 35 22 X 0 L A0 SC VR 10 3 2 3 ARIKCEL |

FE SRR EIE XA 2 8 2 R P2 R SR Bk (K I8 AT I [). 254 4R IS AR Bolk 22 73 4 8RB iy T
ISODATA HVEA G TR 2 Ay B RENS Pk 5 ORI O I, BB B 2 6 80 L O LB B IR AR IR O 3.

3 3 S A B R A AR B R AR I, th RIY SRS AR I 5 2 I BB 5 7 R B e O ME 2R R AT 1 .

3 KiE4P&EigIBE %

MPMCQ HEZLZE iy 4b PR BL R FH 2 AR FE AT K U048 A i) Ab PR VLAG B A A i 1 4 SR 2 AR
& VEE X FIAL BB B A BV AT 1 23 2H (query  group) T 45 BA 4, BEE MABA B rh A8 BREE 1 43 2H 23 T 45 B AR I v 1R 4
P A 2 R AT AL L, A 90 20 4 TP IR 22 A U A 20 R R 2 ()3 5 43 I, RIS AN SR AR Ak B — AN A v 2 21 I 7 4
QGsub-

K 3T 408 A 3 Ab R AR (0 Bl B S X B Bl 0 S AT s Y R 5| AR RS Bl S W 3a 3 25 ) O B E T TE X
BRI AR 3 A S AT WIEE T AT A TTRS o RS REARFRIE BN [ 6,(i+1)- 8] B AR BRI A
li-6,(i+1)- SN B Bt B R . Ahbs Jg (x,y) B RS Bt S A7 il AE 55 i=lx/sliT o8 j=Lyralsiit sk rh. 26 2 % R i
R v R AT R R BT T U .

Table 2 K 20 if 5k b (10 55 5 01 i $ i B
3% 2 Symbols and functions used in the KNN query algorithm

Symbols Descriptions

dist(p,q) The Euclidean distance between p and q

Results q’s result list

InfReg q’s influence region

Range The distance between the kth nearest neighbor and q
mindist(c,q) The minimal distance between cell ¢ and q
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TH5 dist(p,q) -5 B Results 1 Range, B 31 )7 51 4 3 — BI04 BE g 1R EE 25 KF Range 24 1b X Fos B 77 1005
BEVH LT ST L A ) 0 R Y RCR AR 1 TR 2 AR R AT Al b B, R B R CPM
e RO P e o W R s i E W e s i = I = (TP D RO 71 A DR A s R e = R A NS D e
T —HAHXS T CPM Sk i, HL AT ] o HHE S5 R 1K K R0 I 0.

BTN GG RGN K EAB AP EE v TR 6 AT I B LAV S A5 96 g 14 3 2 40 4 1], i WA vk
[P)3E S 3 R A 0 7 5 D9 R 5 I, 1 S 8 R A ) BT LE SR OGS, W R 2 i A AN 2 3 AN B & I R LA A
FATTHE Ay r 1) JEL TR (R SE A 8 AN IO e B, SR B T 3 AN I AR AR S 7E 5 DL 4 SR AR P e K A
-1 R AH AT (0 B G Hh 4k 98 R AR B A0 28 3 AN A8, BT B P py,pa,pa h SEBR 1) A 45 1.

=

Fig.6 Explanations of the KNN query algorithm
K6 Kz 5k

FEAWHRAT B BE R 2 A Bl 208 0 45 22 A SRR AT RS 2R U, B AR 50020 R

Algorithm. KNN Query Algorithm.

Input: Query q;, Index GI.

Output: g;.Results.

1. TempCellList=2

2. Search around the cell that g; resides until more than k objects are found

3. Add the corresponding cells to TempCellList

4. g;.Range=the longest distance from the objects in TempCellList to g;

5. Add cells to TempCellList that are fully or partly overlapped with the circle centered at g; with radius Range

6. Compute the real KNNs of g; in TempCellList according to distance comparing, add them to the query result

list g;.Results, update g;.InfReg according to the TempCellList

Sy A AR AW Q) A 1 DTSR B S8 i () K DB R IFRIZ L8 R /e F ok
NI 2 b (35 247 55 347):%0 2 Db H I 5103 b Bl 5 B 80t BB 2l qp i iscis BE B (3 4 17),55 3 D
K5 LU oy L Rz B O 2P A2 B AT S R I I I B 2 (B 5 47); 88 I I 8103 i ok S A o (9 K
I8 1 ST 1T ) £ 5 XS (B 6 4T).

4 KRERSHN

FIH K IR MES: K T4 & HSR TS MPMCQ HEAL (1 ME RS 15 2E A RS2 I8 R A IR IR 55 R A T 3 F
AF ) CPU F & : 58 CPU 4 Intel Celeron 3.2GHz. X{#% CPU 2} Intel Pentium Dual E2200 2.2GHz, 1MB L2
EE A7 VU K% CPU 24 Intel Core 2 Quad Q8200, 4MB L2 it 247 N 1724 4 1GB.#:4E 2 46 1% F Windows XP
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SP2.ifi F Visual Studio 2005 JT & 455, 5K H C++i8 5 SE L T A S I 502
A4 FH BERLAE J ) B Sk HEAT PR RE M A B RAEZ ) A B Ix1 [ ERALIETT B N 50 40 A B8 8% G R
A K SR A 310 10s, P IR A AT IR TRI R 2 30s. HLAR I S B B L 3.
Table 3 Experimental parameters
®3 WKSH

Parameters Default value Optional values
Numbers of moving objects (N) 500K 250K, 500K, 750K, 1 000K
Numbers of queries (Q) 20K 10K, 15K, 20K, 25K
Value of k 16 1,4, 16, 64, 256

41 MPMCQ#ERSHME LML

SZIS AR XU CPU & B YPK-CNN,CPM,MPMCQ ix 3 Rl i S HEAR (I PERE. i T 3 FhHLAIF & T A
A7 10 002, DR 0 B P R A SR FH AT — A A B0 300 (455 Bt 8 A0 A g 4 ) () CPU I [). 3L Hh, MPMCQ
HE S v 1) 20 2 PR B AR B8 D A 2R R FH IS AT 10 A JE IR P38 0 77 12245t M R 4 A YPK-CNIN il CPM 51k
PR R AR A 2 7 A 2R 5| ¥ 2 1000x1000 K /).

W 7 s b SRR T S R B B sh Xt SR H A RECE AR AN B AR Ak i AR A 1 LA B R
i LA L, MPMCQ HEZE T CPMBST AR 3 Flfi oot N (4 e g8 a8 T YPK-CNNMBST i 3% 2 111 T YPK-CNN
S 298 By 5 BT S 0 2 5 0 X 3 pA) BN T RS A AT AR K b B A T v S T P BE.CPM BTV
DA T 2 ) S B A, A 2 ) R Bl %o e S IR L 7 i) e 2D (A I S B A [ 3 i, MPMICQ HE4E o
Z L5 FRAN cache t Ak 1 1k RE DL 320 (R IIAS LU SR B B BB 5, MPMCQ HE B (1) 1 B B AL T CPM B 1 2
BA] Ay A S JEBAT AR SR U3, TG 18 2 HE AR I8 2 T ) 3 A DAL T 1 s oK 5K A M e 2 T i s 1, CPM LV
L A R A L B A R R ) vk e, HL M R b S B R AR IR AS A W B A T MPMCQ HEZE
[ cache U AR Ak H2 RN 2 LR FRHA B8 T, — J7 T4 /5 1 P A7 B0 Vi (1) B (00 250008 245 0] ) 308 02 0 BF 1] ) 3 12k,
PRIE T cache Vi 1) iy A 28; ) — 5 11, 2 R R A FH DTS2 R AT T 2 4% CPU [ FRAT VAL AE ) AE B 7 B ¥ 3 Fh
AN G R FH 5 R E585 == 15, MPMCQ HEZEAHXT T CPM Sk (1) M e 42 7143 51l O 48%,21%,17%.

10

—=— MPMCQ R 61 _a— MPMCQ
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