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An Evaluation of Enhanced Time Index
for Event Queries

Toshiyuki Amagasa  Kimiko Sakurai = Masayoshi Aritsugi ~ Yoshinari Kanamori

Department of Computer Science, Gunma University

In this paper, a new indexing structure for temporal queries is proposed. It is based on the Time
Index, and can effectively process event queries including a lot of events. In addition, it can maintain
null-time intervals which represent suspension of events, thereby, we can retrieve time intervals in which
events are suspended as well as those in which events exist efficiently. We compare the performance of
the index with Time Index and R*-tree. The results shows that the performance of conventional indexing
structures is affected as the number of events grows. On the other hand, our index can efficiently process

event queries even if the number of events is quite large.
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C = {(la 5; {a})’ (6a 10; {ﬁ.}), (11) 15; {a})‘v
(16, 20; {a}), (21, now; {a})}

C; = {(6,12; {b}), (13,15; {B})’ (16,17; {b}),
(18, now; {3})}

G = {(67 10; {L‘}), (ll’nm; {é})}

Ca = {(16,18; {d}), (19, now; {d})}
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AR a5, BEI cardinalityl®EICE - T, &K
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include(Cy & C3 8 C3 8 Cy, {a,b, &, d})
EZ: 21 BENSREET

PEEE (W) 13, Bl LTEALNE T oDIE
(AR 2—o0REIHETIHRETHS.
IHhEMELEATSZ LICL T, BT

FEBREE—DODWEICELDD I LNTES.

CL8C,wC3 0 Cy = {(1,5; {a}), (6,10; {g,b,c}),
(11,12; {a, b,2}), (13,15; {a,b,&}),
(16,17; {a, b, ,d}), (18,18; {g,b, ¢, d}),
(19, 20; {a, b, ¢, d}), (21, now; {a, b, ¢, d)}}.
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K2 FAL DA T IR

A UF v 7 AEETRFRORFEEPROITNET S
TLRTERY, EBI, KETFLOBETHDHLER
RT3 Z &b TR,

F I TAETHE, BREFESETFVICET BN
AhENEEPHRIOTITI LB TERZA VT v I R
BEPBRRTS. X FElmasriZBIcE 554 51
UFy s A [T EEREBREMAIE LD THS. Tl
I, FA DALY T v 7 ADBBEERARS.

31 BALAVTIYIADEE

FA LA F 7 A7) 1L Bt-tree EIZHR SN
B. FALAL T o7 ATE, BREZENTID
2, BEKEREATIACERTS. Thef Ty
IABRA VY NEREE, AV F 7 ARA VML, (1)
FleREEKEREED, (2) HIREEAKDbo
HBICEOND, HLDAL T v ARA Y MZB
W, ¥OREICERE > FRBRFINS.
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NABEOBIIWATHBHH, TOIELAEREIHRD
Ry b EETHLWHIHEERDS. FLALY
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Y—7 ) — FOEED 4 v b (leading bucket) T
DHETOBEREHMIL, #< /7 v | (incremental
bucket) TIRERKOBRMOZETHT 3. L, B
1R ULEBRERBEE A bA VT v 7 ATHEMLT
FIAE2TH B, BiZBWT, RZl 11 i6EBE &
LAYy v THB. +alXTORLTER o B35
WLIEZEEEREL, —clIEOEAMZ cHRTLED
LERLTWS.
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BZLILE-T, BEEHMEREOTILNTES.
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UToXS>CEETS.

o HB o BFELTWS. TROLERKETH
SBE, Ny MIda 2HATS.

e Bfa BMRIELTWS, ThbbZERXEITH
BHE, Ny MitaEATS.

BT, TRUANDOAY v FERITAEROER
EUTOLHCEETS.

o ta I3FER o BHFITHI L, 3l
KL EFEMIZEL L L E2RT.

o —a ITHFITHER o BEFFXHH BRI B ~F
Lz ik T.

UEDERIZL ST, A bAF v 7 RTLBHERK
BEwnT 5.

3.3 7ZiLdYXLA

FETIY, BREEB LA VT vy 7 RCBITS
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331 HBEEX—ICLERER

F7N=Y Xk SearchEvent i3, &X bhl-HH
DEESEZF—IT, TRLOLTREYTH-BEK
MaERETSH. ZBIZ, 5X0nEROELH
FELTWEHMEZES ThyWiiM e oBibiz R
#EL, Thoz#EAL LTET. Zo7ATY XA
X, &/ —FEHLEE, 20/ — FERESR
BOBREEUNE IDEE ) — FRFOBROES
ICXoTHIL, RHBRLESERBEETNE/—F
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SearchEvent(E)
Input E: set of events
begin
n — root node of enhanced Time Index;
return SearchEventSub(E, NotExist, n);
end

SearchEventSub(FE, s,n)
Input E: set of events
s: current status of event set E
n: node of enhanced Time Index
begin )

R + ¢; (* R: result containing set of time points *)

if (n is not a leaf node) then
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q + number of tree pointers in node n;
foreach i in 1 < ¢ < ¢ begin
if (FE C n.P,.E) then
(* n.P;: the i** tree pointer of node n *)
(* n.E: the set of events in n *)
R — RU SearchEventSub(E, s, n.P;);
end
else ‘
ps «— s; (¥ ps: previous status ¥)
g «— number of data buckets in node n;
foreach i in 1 < ¢ < ¢ begin
if (£ C n.B;) then
(* n.B;: i** full bucket in node n *)
s +— Exist;
else
8 « Suspend;
if (s # ps) then
if (s = Exist) then

R~ RUn.K;;
(* n.Ki: the i*" key in node n *)
else
R~ RU-n.K;;
endif
endif
end
endif
return R;
end

EROAR/ — R~0FEA

7Y X b InsertEvent it 5 2 N REXHE
CEENDHERE, BHUL2AR/ — FTHATETV
FY XL THB.

3.3.2

InsertEvent(t)

Input t: time interval (t,,t.; F)

begin
n + root node of enhanced Time Index;
InsertEventSub(t, n);

end

InsertEventSub(t, n)
Input t: time interval (t,,t.; E)
n: node of enhanced Time Index
begin
if (n is not a leaf node) then
nE—nEUE,
if (t, < n.K1) then
1+ 1;
else
search i such that n.K; < t, < n.Kjy1;
endif
if (t. < n.K;) then
je1
else
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search j such that n.K; < t. < n.Kj41;

endif
foreach k such that i < k < j begin
InsertEventSub(t,n.P;);

end

else (* n is a leaf node *)
nE+—nEUE,

endif

end

ZHILEEDZA KA VT v 7 ADBABITONE %
AWLRhS., toT, BREEZER LIS LV
F v AR HREEHOBAR, BEOXAL AL
For ARKRTERETAR/ — FILHBAT S
I X FPRKEFTHDoTLED. LAL, EEOE
BT — R BT HAL, EELALOHEMN
BRI DRBITHE D Fe RREE B OBMTH D LEXD
n3. ZoOBs, ZoTAIY XAFAO—BLERO
)= K& Y—7 /) — FETU-THEREBAT SR
T, EFOIX MIFAEEREI AN EEZL
na.

3.3.3 BZOREB/—F~O—FEREA

HIECHB LBATATY X0, LEOFK
MEEOREAS V7 v 7 ATHBALEEWEEITEDT
b2V, ROTRBEEDIREDOL ST, KEOKK
ME—EIA VT v 7 ATHALEWIBEIIIZEN
Tlev. —OoORKMERATIER, T0FHRO=
-2 NI — FI/ERT 3 FHS A Ao TLED
o ThH3d., 7dY) XA SetupEvent i%, =0
LIRBECHDTHD. ETEEOIA LI VT Y
IADBATNIY XL LT, FA DA VT Y
7 AR L=%IC, SetupEvent AT 5.
SetupEvent i337 v MeEEh2E &%, BI2
A/ — FIi—Elkat'—3 50T, InsertEvent
VBB RNVEEILND.

SetupEvent()

begin
n + root node of enhanced Time Index;
return SetupEventSub(n);

end

SetupEventSub(n)

n — node of enhanced Time Index

begin

if (n is not a leaf node) then
q + number of tree pointers in node n;
foreach ¢ such that 1 <7 < g begin
n.E — n.EU SetupEventSub(n.F;);

end
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£ 1: ERER
Index Size (Kbytes)

machine type Sun Ultra 30 Time Index 3,584

CPU UltraSPARC-II (296 MHz) Enhanced Time Index 4,608
memory size 128 MB R*-Tree 5,632

0S : Solaris 2.5.1

disk drive Sun 4.0 GB

compiler SPARCompiler 4.2 C++ 5 .
database system ObjectStore 5.0.0.0 Enhanced %mg :233 D

4 R*-Tree ~e- |

else (* n is a leaf node *)
g +— number of data buckets in node n;
foreach i such that ¢, < n.K; < t. begin

nE —nFEUn.B;

end )

endif

return n.E;

end
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