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Efficient Query Indexing for Short Interval Query
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ABSTRACT

In stream data processing system, generally the interval queries are in advance registered in the system. When a data is input to the
system continuously, for realtime processing, a query indexing method is used to quickly search queries. Thus, a main memorv-based
querv index with a small storage cost and a fast search time is needed for searching queries. In this paper, we propose a
L.VC-based(Limited Virtual Construct-based) query index method using a hashing to meet the both needs. In LVC-based query index, we
divide the range of a stream into limited virtual construct, or LVC. We map each interval query to its corresponding LVC and the query
ID is stored on each LVC. We have compared with the CEl-based querv indexing method through the simulation experiment. When the
range of values of input stream is broad and there are many short interval queries, the LVC-based indexing method have shown the
performance enhancement for the storage cost and search time.

Keywords : Data Stream, Interval Query, Query Indexing. Continuous Query
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Input data @ stream data
output data : Query ID
= ——— = =——— —_____————="__|
LI = LVC Index;
Lla = LVC_Info_array;
X = input data;
Search(x) {
LI = H(x) // H(x) = [x/8 |, E=range of LVC
for ( I=0; i<LlIa[LI]size(); I++)
{
if ( LIa[LI][0] = x < Lla[LI}{1] )
Result_Query += Lla{LII[2];
}
return Result_Query:
}
e N e R e e =
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<min, max, Query_ID>9} & 324 g ez 74
LVC_Info_array F3+% E338t olgjd FH2 M=2¢ 4
gg F7Md # UEE FHoE A4gdd. a2xn
LVC_Info_array®] mindlc 2ol 4 WAGE, maxel =
Aolo] Ho WHFS, 28T Query_IDAE A9 Az
g AFed. deg Aadd 5= AL Add"
LVC #9ol o} g3 22 A 7H4 A7 gAsed
(23 1002 ol&F A 7kA F$ol disted FEEHE ¥4
Ao} LVC 7+e] £§ #AE BoFE)

* Case 1 : 5%5& ¥9 A7t she] LVCe| £
e 33

* Case 2 : 55 H9 A7t F 709 LVCol 2§
Agk delo] R welek F&aA dAdhe= LVCH
EA5A 4= 4

« Case 3: $35%& ¥ o7t F 74 o]4e] LVCel
EYPEEA Hele] BE st AH¥sA DA
LVC7t EAste 3-(QD

(2dg 1094 ¥He de 3¢ LV EFHER
LVC Info_arrayell = <2239,Q3>7F AA4gch dzln ¥He
Aol Q2= 2709 LVCILVCLLV ) EF= =g Q2o #

[VCIndex 1| | LVCIndex 2 LVC Info

[ ] :I:]:lq—/ array
(T} L]
HEERIEEE

LVC Info array | min | max Q:bery

(38 9) LVC A2 3=

.13 32) |

! g, | 0279 .
L i ' i i
I T U T 1
0 10 20 30 40
LvC1 Lvc2 LvC3 LvC4

(2% 10) LVCet Eo| =5 A

¥ ¥4 RIGTIOF R2(10717e]  #FEE= LVCLVCL
(I"10)3%  LVC10200)= A8 gernz  LVa#
LV(29 LVC_Info_array®l #7} <310,Q3>3% <10,17,Q3>
7b A viAlgoz W9 Aol Q1) el 27) ol
LVCLVCI, LVC2, LVC3, LVCH)d A RAe7p E§s=
BAgels Ao F& W A&EA dAsHe LVCHH &
AskA] k= FAQ LVCISH LVOl= 29 28 B
2, 23 F§ Helst FEsA dAdE LVC 949
LV(2¢t LVC39l= LVC 99 @& &4 LVCe LVC.Info_
arrayl Agwch olg@ AHez F8s= LVC-based
719l Mo Ao 55 WS gneF 29 o

=———————— —~_=a=—— — == &= — : =t
Input data : Interval Query
output data | LVC-based Index
B ——e———r === = Siss e = = = = —W
Insert(min,max,query_id){
i= lmin/€ | = LVC Index // B=range of LVC
LR= [min/€ ]; LL = lmax/§ |
if (LL < LR) // case 1
{ g_insert(min,max,query_id,i); }
else {
if (LR < LL) // case 3
{ g_insert(min,LR* 8 ,query_id,i);
for (k=LR. k<LL:; k++)
{ q_insertlkx & (k8 )+ & ,query_id k) )
g_insert(LL* 8 ,max,query_id,LL);
}
else // case 2
{ g_insertimin, LR+ & ,query_id,i);
g_insert{ LR* & ,max,query_id,i+1); )

)
q_insert(min,max,query_id,i){
LVC Info arrayl0] = min;
LVC Info array[ll= max;
LVC Info arrayl2]= query_id;
LVC Indexlil+= LVC Info array; )
e = — = . =T o =]

2n2|E 2 Ho MY ¥n2E

LVC-based 71§elld Ao A =g Ao T5F f/A
sA FHE + Aok W9 o bE FE Y Al 2
#Hx F% a0l et A F5F HoE 38 2
LVCE Adgc ez doe] Hdl WGk bol st



A g HBE F38td #9d LVCE Alatdig, agn
A4k ztzie] LVed g LVC Info_arrayd] 529 29
£ g@AEle] AAgc o] o Heo] FF FHA 2 Case 3¢
Aol Aol AAAlex deo A4 HHAH aol diF Ha)
s} FHol WAF bol dF HB)FE LA LVC Aleld
Qe BE LVCE E¥sld #Ze] LVC. Info_arraydl 55
¥ Ao g gAste Aol

4. 45 Y7t

B Ao A A9t LVC-based 7193t [10]e4 A¢Hg
CEl-based 7I'j#}2] 4% %715 483%c} CEl-based 7]
He 29 diolH HE A7 A 7yt Fe el 7Y
o2 A¢t§ LVC-based 71¥el vl didoz #Hggslch
T e A%e Hrteh] st dgEE 2EY dHelH
o] ¥l 4 old 7wt {4 HelEF AdsHA Adgez
o e WY E 2 S AAso FARCh A5 M
#E $jske] CPU 30GHz Dual, 20GB RAM A|2#&, &
d#AANZ Windows XP SP3E Algslgen Tzage
C++STLE o| &3t 243l

A% HrtlMEe Alxge AHew LVCe vl w
Ao M2l AlgdoldE Tt 4 AT 2 A4F v g
tjsle] CEl-based 7]'fe] Aete] vl £4& HAA|Fc)
WA He] MQ Hueo A v 8L ¥ 13 £& F5 o
gte] W7hgioh Fzte] 71 W Ae), F3ho] FHS ¥ A
o], 54 49| AFH Aol et He] ML A
i Aol Ao qE 43 v LL CEl-based 7|97}
g Fa AeHs LVC-based 712l A& F7 8] L9
Sr4AE UFFch Aol Ac A MeE He Ao
882 A%l 1Y 7hed 2EY dolE ¥ 0
SE 1000022 At aan <E 1>9 (3)9 A%
53 99 AT Aele] AEwo|AME Hoe F
£ 4000~7000 Abel2 A e|slg ),

T3] 72 WY A ELS M9l &= #$ CEl-based 7]
Hell = 2+ CElo| A7 FE5o Aoz Hoys &
& FE M9l s A9 <FE 1> @9 AL 3)9
A% B o g2 A4 F3bo] €astch LVC-based 7)Y

[

N FIE ds S Bl I EXFC HO| M2l 7|1 513
Mz o] 71 ¥ FAEZ MAse= AS, 4 LvcY
277} & & CEl-based 71¥ Rt ¥ @e AF 33
& oB v W7l 21 Aol 4Fo] @A Z LVCe
77k &8 AXAA =HE A F0eo] WA o HA Ha
2 3le 2L (a9 18 @8 $8o9 & 5 At F3io]
#He WS AEL M9 st Aol CEl-based 7]l
Me 5 AFE A9 F7t FAE7] dEd (1) F¢
B o 22 A% B3+ B8 A% LVC-based 719
9] 7} LVCel Agsle 3588 e £ 57 9F
o] CEl-based 71§ 2} €4 ¢ 2& A3 FUS Has
g =g Zt LVCY 277k $83 & ASde F5 A
e A7t w4 dx 7] Wi AR vLe dg @
ofx Al frh 5 d9e] IFE o9 ASE nEvlA
2 H9 Ao Fte] 500 ©]7] wWEe] (2)¢] AS By
A FHE 2F o %ol A &Ag 7+ LVCe a7]7}
ARl gt 2 AF UL "2 = A2 ¢+ 4
t}. o]} o] LVC-based 7|2 ¥s3] Aol 137te] &4
< a#ste zt LVCe A7]|5 Hogoeays Ao A9 A
Bl A% v &g ¥E & &S g9 ok

oz Ae M e #Uste M F8% &
ol Zo g Azte] distd 4% H7tE Q¥ LVC-
based 71®el el 2zt LVC =7]e] oe} A& AAa7] 9
& 875 E Y Fhol GEEE #9l s e g4
Al E£3 7 LVCY Av]e| w2t a1 ZAxr} g, o
olfr LVCE Z7|e] wi} stu}e] LVCe 435 A9
o] #7F 2&lx] 7] gfo|t} ol SEg Ao A
LVCe 27]o] wi} AAEe 558 Aolo] S4e) gt
LVCE Aogo=2q FL& 24 H52 2Y F g,
CEl-based 7]¥elA 2] 2o &4 a4 &de] CEIZY
B #H49 CEIZ9 A9 42 HAgez 24 4
A7t #FH& FUE #E AS 29 Ay ARHA gL
CEIZ] E4% &H4& A& 5ol g4 ugo] 7}
&tA €t} LVC-based 713 CEl-based 712 &4l 4
T BEHE fiste] <E 1>9 (2) A5 2o Ze Fe
7HAE Ao digte] HoE Melstm AFE MQ Huo|
ate] 18 2EQo] dFats Foe gas= AL A
Bl gk AlgHol A WY Ao THe] Ary )
{8 2299 ARYL F5Y oy 9y 2EFYL 07

(E 1> 3o Mol = NF U] Tt &4

wel s _ —— :
Tikel 71 9 A1) kel #E wel d9)(2) 54 494 A4 49(3)
HY Ao 0~3000 0~100 0~500)
EE 100
~EY W9 0 ~ 10000




514 ZBEMEIFS=EXI D H16-DF H4%=(2009.8)

858
-

&
o

’_%300 \

-

=\

o

E 200 | gy
B 150 \ -V
- 100

r

5 10 50 100 200 400

LVC szgment range

(a) 2! 72 &l Heo Mol HF v|&

160

140 ¥ + +
120

<«

100

Index storage ( Kbyte)
-4

i CE|
60
——LvC
40
20 | B
: \.\._ - -~
5 10 50 100 200 400

LVCsegment range

(b) #2 72 &9l &of Mol MY v|E

160

120

100

——CH

——-LvC

Index storage( Kbyte)
g

,

20 \
0 ’\—-E.g_

200 400

5 10 50 100

LVC segment range

(c) 5% goo He Ho Mol HF u|g
(& 1) Ze| Mol HE H|R

10000 Alele] A2 27 100706 digh Ao g4 Azl
& #9 ok

(28 12)&= A EFeld AnE Yepd Tz LVC 2
7ol we} gMAIo] gebRlE AL #9 #& F ok
LvCe =77 o Ao Mg f& B AF e
goz s Z LVCI AFHE= Ao Fr7t A7) 4
of Aol w4 = Ake] F &/ drh FAT AF
H &g Zo]7] g8 LVCY Z7|E 7194 HE FAF &
LVCel A= Aozt Bolxn RS gt vl
AAA €t wad 529 2o A g LVC 27

400
350 /’
5 300 —w ————— > +
- of
S 250
8
g 200 ./
E —t—
< 150 @
E |-V
E 100
50
0
5 10 50 100 200 400
LVC segment range

(3% 12) 2o S AlZH

o Helg Tal A Mle] FEo A w| g3} Ao g4
Al v EE HAas ¥ 4

Aol Mol A v g3t ¥ 2Ee] g Ao ¥4
AZE HEE AEdoldE B 4 & B &2 73
£ 7 dE9 Fod uF@ 4de AAEe 44
CElI-based 7|% 2t} LVC-based 7]4e] A% 373} 29
T4 AlZke] vl gelA HoldE LVCe HEY A7) wa}
o U 45 Bele AL ¥ Utk

5 dE ¥ g5 97

=ioXE 2EY dolg AHIAE AF W9 29 4
?l 7122 LVC-based 71"§& Atseh. LVC-based
71 A 71w Ao Al e M3 B FUA
LVCE AHgste] 71& S vlste] AFs = M R
a71g Hasstn [lYss 29 dolHe] ¥H7 By
A% As, B wE de HAe| Jbsdith =@
LVC-based 712 ~E@ dlo|H 9] ¥} A28 &5
g Ao Fo dgelx FASA HEE & Aok FF A
T2 2EY doH Mo A&E Bt Fuissy] 95y
LVCe] 271 $&H 22 2% F e 2T g
o dpstnal goh £ LVCH X Fele ¥ AR
& v} 8% AP Hrl wE g4 T &
de dznEFL Adstnx @ vpA ez At Pyel
7|etstel QJEsE 2EY dlolEe W FHOE WA
He #70AE e 42 7ge H8d £ ole 2EY
HolH AlAgE szt B

= |

[1] D.Camey, U. Cetintemel, M. Cherniack, C. Convey, S. Lee,
(i. Seidman, M. Stonebraker, N. Tatbul and S. Zdonik,
“Monitoring stream - a new class of data management



applications”, In Proc. of Very Lage Data Bases, 2002.

[2] B. Babcock, S. Babu, M. Datar, R. Motwani, and J. Widom,
“Models and Issues in Data Stream systems”, Proc. of ACM
PODS 2002, Madison, Wisconsin, United States, 2002.

[3] H. Edelsbrunner. “Dynamic data structures for othogonal
intersection queries”, Technical Report 59, institute for
Information Processing, Technical University of Graz, Graz,
Austria, 1980.

[4] E. Hanson, ISlist.tar: A tar file containing C++ source code
for 1S-lists, http//www-pub.cise.ufl.edu/ hanson/IS-lists/.

[6] A. Guttman, “R-trees: A dynamic index structure for spatial
searching”, ACM Computing Surveys, Vol.30, No.2, 1998.6

[6] E. Hanson, M, Chaabouni, C. Kim, and Y. Wang, “A Predicate
Matching Algorithm for Database Rule Systems”, In Proc
of ACM SIGMOD 1990, 1990.

[7] E. Hanson and T. Johnson, “Selection Predicate Indexing for
Active Database Using Interval Skip Lists”, Information
Systems, Vol21, No.3, 1996.

[8] S. R. Madden, M. A. Shah, J. M. Hellerstein, and V. Raman.
“Continuously Adaptive Continuous Queries over Streams”,
Proc. of ACM SIGMOD 2002, Madison, Wisconsin, United
States, 2002.

[9] H. Samet, Design and Analysis of Spatial Data Structures,
Addison-Wesley, 1990.

[10] K-L. Wy, S.-K. Chen, and P. S. Yu, “Interval query indexing
for efficient stream processing”, In CIKM 2004, pp.88-97,
2004.11,

[11] K-L. Wu, S-K. Chen, P. S. Yu and M. Mei. “Efficient
interval  indexing for  content-based  subscription
e-commerce and e-serviec”, In Proc of IEEE Int. Conf on
e-Commerce Technology for Dynamic E-Business, 2004.12,

[12] Motwani, R. et al, “Query Processing, Approximation, and
Resource Management in a Data Stream Management
System”, In Proc The First Biennial Conf on Innovative
Data Svstems Research, Asiloma, California, pp.245-256,
2003.1.

[13] Terry, D. et al, “Continuous Queries over Append-Only
Databases”, In Proc, Int’l Conf on Management of Data,
ACM SIGMOD, San Diego, California, pp.321-330, 1992.6.

U9 Zoo FEXP Ao M JH 515

X el
e-mail : sereno3@naver.com
20083 Agdoisia AR FE (A
2008d~d A dddiza HAANFET

o A
#Agok: 229 dolH, A%, USN
24

.
s 9 X

e-mail : audwls0324@nate.com

20099 Adoigha Az FE I (ERD

20003~ A ddoigta HARFEHT
Bh5 Aty

Aok dlolg olely, 2EF dio]g,

dneE

st oh &

e-mail : nara9yo@gmail.com

2008 Hoishal A3 FE T (A

2008 ~8 A dddistu AxAAFHE
SHa- A Abatg

Aok dlolg mlo]d, HEu|c]e], ¢
e =

4 of ¢l
e-mail : dikim@chonnam.ac kr
19981 Hdjsha AabE A atai(o] 84 A}
2006 A AHE A (o] shukap
2048~ A ddosta AR
B A A}
FalEok: 2E7 dlolg, dlo]E ule]y,
tAd fel=



516 BEMESBI=EX D H16-0F M4z=(20098)

g5 9
e-mail : bhhwang@chonnam.ac.kr
1978\ A Aerah(sta})
1980 oty e q dakstal (e Ah
19949 #5387 Al FEea)
19809~ A Addidn AAFFEHF
e uy

B ok 2E] dlolg vlold, ¥4 A4, #4F dojE{ue] 2




