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Design & Performance Evaluation of Storage
and Index Structures for Spatial Network Databases

Jung-Ho Um" - Jae-Woo Chang"

ABSTRACT

For supporting LBS service, recent studies on spatial network databases (SNDB) have been done actively. In order to gain good
performance on query processing in SNDB, we, in this paper, design efficient storage and index structures for spatial network data, point
of interests (POIs), and moving objects on spatial networks. First, we design a spatial network file organization for maintaining the spatial
network data itself consisting of both node and edges. Secondly, we design a POI storage and index structure which is used for gaining
fast accesses to POls, like restaurant, hotel, and gas station. Thirdly, we design a signature-based storage and index structure for
efficiently maintaining past, current, and expected future trajectory information of moving objects. Finally, we show that the storage and
index structures designed in this paper outperform the existing storage structures for spatial networks as well as the conventional
trajectory index structures for moving objects.

Key Words : Spatial Network Database, Storage and Index Structure
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Ao nixet A2HEY tg start, vE $3] AsET vz
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Algorithm InsertFirst(MOid, TrajSegList) /* TraSegList contains
the information of a set of expected segments for the trajectory
o a moving object Moid */

. TrajSeg = the first segment of TrajSegList

. Generate a signature SigTS from TrajSeg

. StartT = CurrentT = ts of TrajSeg

. Obtain final_entry_no of the entry, in the partition table, for the
last partition, LP

. NE = final_entry + 1 // NE = the next available entry in LP

6. Obtain the location, Loc, of the entry NE in the trajectory infor

mation area for inserting object trajectory

7. if(end field of TrajSeg = NULLN// no expected trajectory

ExpectET = NULL

9. Store <MOid,0,1, TrajSeg> into the entry NE, pointed b

v Loc, of the trajectory information area in LP
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10. } else {// expected trajectory exists

11. # fseg = 1

12. while (the next segment Sn of TrajSegList » NULL) {
13. # fseg = # fseg + 1

14 Generate a signature SSn from Sn

15. SigTS = SigTS | SSn }

16. Store <MOid,0#_fseg, TrajSegList> into the entry NE,

pointed by Loc, of the trajectory
info area in LP
17. Compute ExpectET by using ts, start, and v of the last
segment of TrajSegList
18. } // end of else
19. Store SigTS into the entry NE of the signature information are
ain LP
20. Store <MOid,Loc,StartT,CurrentT,ExpectET> into the entry NE
of the location information
area in the partition LP
21. Store <StartT,CurrentT,ExpectET,NE> into the entry for LP in
the partition table
End InsertFirst
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o Zo0]
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generate_sig & T&39 AIUAHE A3} 1T
i1 RE A F50=F, Locol 7HE71E XY NE JE
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WA, oledHx Ax 9gde NE dEg
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Algorithm InsertSeg(MOid, TrajSeg, ST)

/% TraSeg contains the information of a segment for the trajectory

of a moving object Moid, to be stoted with a object trajectory’s

start time, ST*/

1. Generate a signature SigTS from TrajSeg

2. Locate a partition P covering ST in the partition table

3. Locate an entry E covering ST for the moving object with
MOid in the location information area and get its location, Loc,
in the trajectory information area

4. Obtain # actual_seg, # future_seg, and # mismatch of the trajectory
info entry E (ie, TE) for the MOid in P

5. if(#_future_seg = 0) { // no expected trajectory

6. Insert TrajSeg into the (# actual seg+1)-th trajectory
segment of TE
7. Store SigTS into the entry E of the signature info area in P
8. } else {// expected trajectory exists
9. seg_pos = find_seg(TrajSeg,Loc)
10. #_ actual_seg++, #_future_seg = #_ future_seg seg_pos
11. caselseg_pos = 0) { // find no segment
12. Insert TrajSeg into segment of TE and relocate
the future traj segments backward
13. Store SigTS into the entry E of the signature
info area in P }
14. case(seg_pos = 1) //find the first segment
15. Insert TrajSeg into (#_actual_seg)-th trajectory
segment of TE for exchanging the old segment
16. case(seg_pos > 1) {// find the (seg_pos)-th segment
17. # mismatch = # mismatch + seg_pos 1
18. Insert TrajSeg into (#_actual_seg)-th segment of
TE and relocate the future traj segments forward
19. if(#mismatch/(#_future_seg+#_actual_seg) > 1)

20 regenerate_sig(Loc, SigTS, E, P)

22. Y/ end of case

23. } // end of else

24. Update #_actual_seg, # future_seg, and # mismatch of TE

25. CurrentT = te of TrajSeg

26. Store CurrentT into the current_time of the entry E of the
location information area in the partition P

27. Store CurrentT into the p_current_time of the partition P entry
in the partition table

End InsertSeg
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1. 2 W9 lower, upper’t & t} COSISHl & 7
- (lower > PEtime)

2. Aol W9 lower’} POSISO, upper?t COSISe 9l
+ 7%, (upper > PEtime AND lower < PEtime)

3. A9 lower, upper’t & ©F POSISY U&= A4,
(upper< PEtime)

AR, 19] Ffo= COSISY FE A EolE
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5, 271 28 UESA ¥E dEF
o o9 gaMo] Hga Qly] wEd, It
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%27 2 . (p_end_time=lower) AND(p_start_time <upper)if

p_end_time=NULL
(p_current_time > lower)

AND (p_start_time < upper) otherwise
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o 283 YA FR 99| CanListel sz dE
A start_time, end_time, current_timeE 81, =7 3

% e A glgtel, 27 38 vEIE, A9 AF A

WE | 2E(Qseglish9} § 22& wWEste A4 A4
xﬂ I9E Y2AE 7o AR qulEl A A2t F, dE
Aol A AA A A2HE ZY2ETL Qeeglist® X
3l Qe A A¥ET (line 15722), 9HoF & thd A9
A otolt) & A B AE(MoidList)ell #7gghe},

Z7 3 : (end_time > lower) AND (start_time < up-
per) if end_time=NULL
(current_time > lower) AND (start_time

< upper) otherwise

Algorithm Retrieve(QSegList, TimeRange, MOidList) /* MOidList
is a set of ids of moving objects containing a set of query segmen
ts, QseglList, for a given range time, TimeRange */
1. Qsig = 0, #qseg = 0, partList = &
2. t1 = TimeRange.lower, t2 = TimeRange.upper
3. for each segment QSj of QsegList {
4, Generate a signature QSSi from Qs;j
5. QSig = QSig | QSSj, #gseg = #aseg + 1}
/+find partitions, partList, satisfving TimeRange by searc
hing patiotion table of COTSS and B+-tree of POTSS*/
6. find_partition(TimeRange, partList)
7. for each partition Pn of partList {
8. Obtain a set of candidate entries, CanList, examining th
e signaturesof signature info area in Pn
9. for each candidate entry Ek of CanList {
10. Let s,ec be start_time, end_time, current_time of the en
try Ek of location information area
11 if((s < t2) AND (e = t1 OR ¢ = tD){
12. #matches = 0
13. Obtain the first segment ESi of the entry
Ek of the trajectory info area, TEk
14. Obtain the first segment QSj of QsegList
15. while(ESi ? NULL and QSj ? NULL) {
16. if(match(Esi, QSj)=FALSE)
Obtain the next segment ESi of TEk
17. else { #matches = #matches + 1
18. Obtain the first segment ESi of Tek }
19. if(#matches=#qseg)MOidList=MOidList \L
{TEk's MOid}
20. Y} Y /fend of while //end of if //end of fo
r— CanlList
21. } // end of for - partList
End Retrieve
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