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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 heen 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 POl 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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Rec: <p_start_time, p_end_time, Pid, PLoc>

- p_start_time @ POSISol A3tz ste SelAduy
A—]]:LEHE 9] HA AFRAT

- p_end_time : POSISO| A#sluzt st se] Ao A
IHEE Ho FEAIL

- Pid : POSISol A4stzal sh= dEj el ofolr)

- Ploc : POSISSl Ag8tx ah she14e) 443 914
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Z74 1 (pend_time = t1) AND (p_start_time < t2)

B+-tree with kev=end time

Sequence set
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nodes

Search space

Partition pointer
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At WA % FA AA AHS COSISel e
Ag vhEd. @A COSISe % AM AHE Ash A
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99 A ASo T A ALr Fo] o)XY A,
o d& AL YR e AAe V] AFL HE
vlg] oZo] ZAER G AAolAu AL o]E3}m
RE AAE 7o st o3 AH AMaUEE 445

o, o]2 AA AA AE 9 I(trajectory info area)®] NE
entryoﬂ AAE ofge, o] x7] odF AIaWNEE FF

92 AR d9(ocation info area)ol start_time(StartT),
current_time(CurrentT), end_time (ExpectedET)2S #7%s}
o, StartT9} CurrentTE= 2% AAe & A2 Alte g
galn, ExpectedET= NULLE @9 #tdh (29 8)2 7
A AA 271 ARE Y3 du8FE InsertFirstE el

=4, vy o= A4e X]‘r‘ AA 2 olFol W 7] A
Ao nld of& MIAHNE ZAE(TrajSeglist)7} Fojx =

g2 o] gArEE A4 ?4]X4 Aw o4 NE entryol A s
t}, o}-& ¥ TrajSegList®l 2 AlZHERZREH AlIUHE A
A48Fi(SSn), ©1ES HE ©$ OR d4Hbit Oring) 34,
#EF  AIYAE  AHSRSETS).  okEy Tl

TrajSegList® &8l $1x AR <o) StartT, CurrentT,
ExpectedETE A3t StartT9 CurrentTE 25 23 <]
A& Az A7tew @938, ExpectedET W & )
Aol mpAe AaHEY] ts, start, v Fal Atdd vbA|
o F 7R 49 FFoR, AW SigTSE A4 Al
U AR o ﬁ(51ganture info area)?} NE entryoll ##3sk
o} obgel FHEA HolE9 npxe HEMH S Y3 JEF
(LP)oll <StartT, CurrentT, ExpectedET>Z #| &3t}

Algorithm InsertFirst(MOid, TrajSegList) /* TraSegList contains
the information of a set of expected segments for the trajectory
of a moving object Moid +/

. TrajSeg = the first segment of TrajSeglList

. Generate a signature SigT$S 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

. Obtain the location, Loc, of the entry NE in the trajectory infor
mation area for inserting object trajectory

7. iflend field of TrajSeg = NULL)}{// 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 LI

PR N

o O

fed

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 o 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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£ Addch v goz W Aol obd ALw wAd A
(seg_pos>1), olus= HAE ] Ao MYHHEL 2o

A 2o
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of g AAE F# mismatch)?l vl &o] AL X
%OoH TrajSegz A SigTSE Aayx AR Jd9
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E7} £350] HE @9 OR it Aoz AlauA7t A
4 AN E, AAIRE PR byl gEol ofHE L A
A AATE ATE 7 gtk 398 BE A5 9= vy A
A AIREZE BAdAEE  AAH(DE 2HA, re-
generate_sig 55 TE3Y AaUHE AP TFD. 2y
I EE AR FEoZ Locol /M7= X9 NE o
2l9] #_actual_seg, # future_seg, and #_mismatch ZE
HAANIY olgYYx AR gde NE <JEF
Current TS ¥W7H4stx, SEA dHol A i HE4 o
2 9] CurrentT %< WA,

[m =2 do |m

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

1. 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. case(seg_pos = 0) { // find no segment

12, Insert TrajSeg into segment of TE and relocate
the future traj segments hackward

13. Store SigTS into the entry E of the signature
info area in P}

. 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, SigT$, E, P)

22. )}/ 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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%7 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

S, 39 ALE POSISY B-EZE lower & 718
sto] gty B2 Ly =8 JdETh ofge] 1 X kTE
HE B'-Ed]9 sequence setd 289 Y nE=E AL
FA3HA (p_end_time > lower AND p_start_time <
upper) Z7E TEIE dIsY Pz =EA R g
of REShE partList®: 7@t wpAoE, 29 A 4o
POSISY B -E#E lower #& 712 3dlo] Hd3le 2=
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27 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, Qseglist, for a given range time, TimeRange */
Qsig = 0, #gseg = 0, partList = @
tl = TimeRange.lower, 12 = TimeRange.upper
for each segment QSj of QsegList {
Generate a signature QSSi from Qsj
QSig = QSig | QSSj, #aseg = #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
. for each candidate entry Ek of CanList {
10. Let s,ec be start_time, end_time, current_time of the en

R S

5

try Ek of location information area

11. if((s < t2) AND (e = tl 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 QS) of QsegList

15. while(EST 2 NULL and QSj ? NULL) {

16. if(match(Esi, QSj)=FALSE)

Obtain the next segment ESi of TEk

17. clse { #matches = #matches + 1

18. Obtain the first segment ESi of Tek }

19. if(#matches=#qseg)MOidList=MOidList \.J
{TEK's MOid}

20. VY Y Aend of while //end of if //end of fo
r- CanList

} // end of for - partList
End Retrieve
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