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An Efficient Moving Object Index that Supports Concurrent Access

7ZHAO Liang, CHEN Luo, JING Ning, ZHONG Zhr nong
( College of Electronic Science and Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: Current literature on indexing current and future positions of the moving objects lacks the mechanisms on concurrent
access. To solve this problem, the current research propsed an efficient moving object index that supports concurrent access, also called
CS*B-tree( Concurrent Space filling curve enabled Cache Sensiive B - tree). CS*B tree combines the chamcterigics of the B* tree and
CSB*- tree, thus it can support querying the predicted future positions of the moving objects and is cache sensitive. Focus was put on
studying a concurrent access mechanism to CS’B tree which resulted in a two level lock mechanism and particularly a lock memo
stucture was designed. Based on the concument access mechanism, a CS*B-tree concurrent location update algorihm and a concurrent
predicted range query algorithm were proposed respectively. Experimental results show that, compared wih B* tree, the throughput of
the CS*Briree improves by 15. 1%, and the response time decreases by 14. 9% .
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Fig. 1 The principles and structure of the CS*B tree
) O(x,v,t) L
value( 0, t,) = index _partition Ox _rep (1)
(1) index _partition (
CSB" -tree) , x _rep ®

X _rep index _partition index _partition — x _rep
1 , Aty
Al Al n ( n=2) , phase
t tw= T+ Aty/n 71,7 x 7] x
, ) n+ 1 CSB’ - tree,
1 ,t=0
12 tu=0 R
JE I ( I At mu
[\ index _partition (2)
s Liab
Hilbert , (3) X _rep

index _partition= [ tiu/ ( Atw/ n) Jmod( n+ 1)

11,0< t, Y2 At

Atmu B



55

x _rep= hilbert _vdue(x+ vX (tip,— 1.)) (3)
Al n CS’ Brtree n CSB" -tree
i n . n=2
) CSB’ -tree 1
s CSB" - tree (S’ B tree ,
CSB’ - tree s ,
key ; s key
id  key ,
2 2 2
CSB- tree ,
, CS’ Brtree B* tree CSB" - tree s
(1) B-tree  index _partition X _rep , , B'-tree
CS'Brtree
, X _rep s
(2) CS’Btree CSB' -tree \ CSB' -
tree B™ el
1.2 CS'Btree
CS’B-tree CSB’ - tree
s (2.2 ),
: S'B
tree 1 >
1 CSBtree
0|0 (-1({1]2]|2]|0]0
Tab. 1 The concurrency mechanism of CS*B-tree olal2l1lalzlolo
CelF level Node level 215111 |6]-2|1]-2(Update)tid:34
A1 f1r {11111
Write lock  Read lock  Write lock olalzl2l1il1l1]1
Exclusive o|1]3]2|2]2]3 Fr{Updaterid35](Query)tid:47]
Write lock Exclusive /
Celt level Compatible Oj0j11jtj140,0
_ ) olofolo]ol3]2]o
Read lock  Excusive Compatible /
Node level  Write lock / / Exclusive 2 lock memo
Fig. 2 The principle of lock memo
CS’B iree
Lock Memo( ) ,
Lock Memo 2 )
(
) s 2 43 3” 3
s [13 _ 2,’ 2
CS’B- tree CSB' - iree,



56 2010 3

2 CS’ B-tree 2 , -2
, 2 0 0 2
, ) 0 -1
2 CSthree
CS’ B tree

2.1
(D) )
(2) )

1: Location Update( old _loc, new _loc, T, LM)
Input: old _loc: location to be deleted, nav _loc: location to be inserted, T: CS*B tree, ILM: Lock Memo
Output: 7T: Updated CS*Btree

1 ¢ _old = x _rep( dd _loc);

2 ¢ _new = x _rep(new _loc);

3 n _old = T .search(c _old);

4 n _new = T.search( ¢ _nav);

5. T.writeLock( n _nav and n _old) ;

6 LM . writelock( ¢ _old and ¢ _new) ;

7 if( ¢ _nav. sze> 0)

8. T'. unWriteLock ( n _new) ;

9. il ¢ _old.sze>1orc_od == ¢_nw)
10. T. unWriteLock( n _old);

11. i c _od.sze == 1andc _old! = ¢ _nav)
12. n _old. removeEnry(c _old);

13. il n _od. undeflow = = irue)

14. n _old. merge() ;

15. T. unWriteLock ( n _old);

16. if{ ¢ _new.sze == 0)

17. n _new . addEntry( ¢ _naw) ;

18. if{ n _naw. weflow = = true)

19. n _new . spli();

20. T'. unWriteLock ( n _new) ;

21. ListDelete( n _old. entry( ¢ _old), od _loc) ;
22. Listlnsert(n _nav . eniry(c _naw), naw _loc);
23. IM . unWriteLock( ¢ _old and ¢ _nav);

24. return T';
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Fig.3 Query Enlargement in CS*B tree

2: Predicted Range Query(q, t,, T, IM)
Input: ¢: Spatial query, ¢, : time slice, T: CS*B tree, LM: Lock Memo
Output: result _set

1. S = @;// candidate result set

2. L = @;//lock set

3. for i =0 to n

4. if T; of the CS*Btree & valid at 1,

5. q/ < QueryEnlage( ¢, ¢,);

6. calculate start and end entries i, .-, i,, for q/ ;
7. fork<1tom

8. locate leaf node containing entry i,,_,;

9. do

10. IM . ReadLock( Cell,,_ ) ;

11 L= L+ Celly-;

12. store candidate objects in S;

13. follow the right pointer to the sibling node;
14. until node with point i,, is reached;

15. for each object in S

16. if the objects position at t, is inside ¢
17. add the object to the result _set;
18. IM . unReadlLock(L);

19. return result _set;
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Fig.4 Query performance
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