A £ ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2015,26(10):2631-2643 [doi: 10.13328/j.cnki.jos.004809] http://www.jos.org.cn
O [E B g BR AT 5 T RS A7 . Tel: +86-10-62562563

Wl TS e ERIM TR T aEE
Efgfij\iﬁl’z, 2 ‘IELZ, I 1)%11,2

YEE R AR S AR AR SR = (P EVRKS), AL 100872)
YR ARKE: {5 B2, st 100872)
EIRAE#: FE, E-mail: xzhou@ruc.edu.cn

OB MAEEBseSikE e BIBGEEH A e GPS & %t AT AR A T3 B 04 B0 KB EAURIFE T
JTIZ Y KIE AR T R TR B 6 = 18] 8 B 14 Bp i) A R AR R BAx T EANE R E R a9 St R LB AR
Fp 2 18) 234 64 Homh, ) e KNN 3842 R KNN &30 5 AR A5 56 B &0 69 ek L1328 AP R B 43t 3)
st 9T B B FI RS T — A ik AmX B H ik B L XETMAESNIT LR ZH R 2L RXETH
RTEE B 6 Peak JL B R LE KBRIEH R T B0 A 4 KRN, NME R B 98 JLk R R e 6 vf B2 ik JE 3B
ZREAVEE R IR G Y Bk & A2 O ik AT MR o 3 Bonk B 09 PV 2L AT AT A3 33t £ B 3T HUB A A B0 4
PFEARARE AT N A6 S B BRI R0 B £ 14 ok —— W8 ik 45 (DS)) Fok e A 4 Lk RA AT
PRy X AL EENRR T EHMELT B F X, AR T LR SR AN KET BA M EidE
RPAT—0 06977 R 3840 T 33560 B30k 32 3 T Bk 69 208 AP ATIEA2 F 38 1344 A SIMD AR A m ik &0 4L
i R TAEILE R R EE L G AREN R G LA RS AL E AL TERERN A R 5IHEE AT H
SERHEAT T MK, SR B4 KR 6 AR ik B AR 6 M A R I

KB KB SRR R A S LR B 2, 24

REEHES: TP3LL

e AR o AR, RE, T XA R ST R A R B 0 B A R S K1 2 4% ,2015,26(10):2631-2643.
http://www.jos.org.cn/1000-9825/4809.htm

Y30 5| %30 Xue ZB, Zhou X, Wang S. Throughput oriented range query algorithm for moving objects in dual stream mode.
Ruan Jian Xue Bao/Journal of Software, 2015,26(10):2631-2643 (in Chinese). http://www.jos.org.cn/1000-9825/4809.htm

Throughput Oriented Range Query Algorithm for Moving Objects in Dual Stream Mode

XUE Zhong-Bin*?, ZHOU Xuan'?, WANG Shan*?

!(Key Laboratory of Data Engineering and Knowledge Engineering of the Ministry of Education (Renmin University of China), Beijing
100872, China)
%(School of Information, Renmin University of China, Beijing 100872, China)

Abstract: With the development of location-aware mobile devices, communication technologies and GPS systems, location based
queries have become an important research issue in the area of database. This paper studies the problem of snapshot based spatial range
query which searches for the moving objects within a specific query range in a specific time interval. Range query is the building block of
other types of spatial queries, such as k nearest neighbor query and reverse k nearest neighbor query. A series of algorithms have been
proposed to process range queries of moving objects. However, these algorithms are either designed for fast response time or high update
performance. They are not purposely designed for the situation of big data where throughput is more important as both queries and
updates arrive at a very high rate. For the query stream and object update stream, a high throughput main memory algorithm—Dual
Stream Join algorithm is proposed for moving object range query. DSJ uses a snapshot approach. In each snapshot, DSJ builds a new
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index structure based on the update of the moving objects, which avoids maintaining a sophisticate structures and gives full play to the
performance of the hardware. DSJ executes a batch queries at each run, which increases the data locality and improves the efficiency of
the algorithm. DSJ also employs the SIMD technology to accelerate the query processing and makes sure that the system has high
throughput. A comprehensive performance evaluation of the proposed techniques is conducted using the German network generated data.
The results show that DSJ is highly efficient.

Key words: big data; spatial temporal database; moving object; range query; main memory
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3% 1. Dual Stream Join (DSJ).
Input: OT, Object Table; QT, Query Table; TF, Transform Function; GO, Grid for Object; GQ, Grid for Query;
Output: R, Results.
1 R=NULL
2 For each object in OT
3 GO.cell=TF(object)
4 copy object to GO.cell
5 For each query in QT
6 GQ.cell=TF(query)
7 copy query to each of the GQ.cell that it intersected
8 For cell in GO and GQ with the same number
9 R=join(GO.object,GQ.query)
10 return R;
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Input: OT, Object Table, QT, Query Table;

Output: Ry, Results.

1 Q_Xmin=_mm_set_epi32(Q1Xmin, Q2Xmin, Q3Xmin, QaXmin)

2 Q_Xmax:_mm_SEt_epi32(Q1Xma><vQ2XmaXxQ3xmaXxQ4Xmax)
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3 Q_Ymin=_mm_set_epi32(Q1Y min, Q2Y mins QY min: Q4Y min)

4 Q_Ymax=_mm_set_epi32(Q1Ymax,Q2Y max Q3YmaxsQaY max)

5 O_x=_mm_set_epi32(0;X,0,X,0,X,0:X)

6 O_y=_mm_set_epi32(0,Y,0,Y,0,Y,0,Y)

7 R;=_mm_sub_epi32(0_x,Q_Xmin)

8 Ro=_mm_sub_epi32(0_y,Q_Ymin)

9 Rs=_mm_sub_epi32(Q_Xmax,O_X)

10  R,=_mm_sub_epi32(Q_Ymax.0_Y)

11 Ry=_mm_and_sil28(Ry,R,);

12 Ry=_mm_and_sil28(R3,R.);

13 Ry=_mm_and_sil28(Ry,Rs);

14  Return Ry
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Fig.5 SPC calculation for moving objects range query
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Table 1 Workload configuration
R1 LBRBEIESH

Parameter Values
Objects (x10°) 5, 10, 20, 40
Updates (x10°) 100

Monitored region (km?) Germany, 641x864
Range query size (kmz) 0.25,05,1,2,4,8

Update/Query ratio 250:1,...,1000:1,...,10000:1
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