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Abstract A stream processor uses resource sharing method for efficient of limited resource in
multiple continuous queries. The previous methods process aggregate queries to consist the level
structure. So insert operation needs to reconstruct cost of the level structure. Also a search operation
needs to search cost of aggregation information in each size of sliding windows. Therefore this paper
uses linear structure for optimization of sliding window aggregations. The method comprises of
making decision, generation and deletion of panes in sequence. The decision phase determines optimum
pane size for holding accurate aggregate information. The generation phase stores aggregate
information of data per pane from stream buffer. At the deletion phase, panes are deleted that are no
longer used. The proposed method uses resources less than the method where level structures were
used as data structures as it uses linear data format. The input cost of aggregate information is saved
by calculating only pane size of data though numerous stream data is arrived, and the search cost of
aggregate information is also saved by linear searching though those sliding window size is different
each other. In experiment, the proposed method has low usage of memory and the speed of query
processing is increased.
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1 Group (AD) - Main Group
TV TV TV

Pane Size : 600
Query Order: 3

Pane ’ Pane I Pane | Pane I Pane

2 Group (1D} - Sub Group

l Pane I Pane ! Pane I Pane I Pane

3 Group {AD) - Sub Group

Pane Size ; 438
Query Order: 2

Pane Size : 350
Query Ordeér : 1

[ Pane ’ Pane ’ Pane I Pane | Pane [ PaneJ

18 6 Pane 123} 7Y

2 2FE ANse A B 5830tk 181 HREe
AHg-Fol £ Paned A7)7F AL 2EHE WA FAYE
Pt AP AREC] B 1E59 WEIE wmEA
BEdls o s Y AMEES =Y & Ak
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2 HiM= FolA Dividable Pane® Dividable
Time Unit 2712 7}A 1 Paned] JAABRE WA=
walo] oisiM Adwditl. SPQPYINE 2EYP Hee)
Aol Hgrt #&=o] Utk Pane B 2EY AT
HEoA o]FofXn Feo A RN AAHE Pane
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9l A7E /AR 2EFCEREH {J¥HE FEERH
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2 PH dHe FEEC Paned IZ7TFE AN

ZAgoltt. & HAe [FEEo| Panedl 27T
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E29] F3tol d}e] Time UnitoZ o]Fo| Pane Y|
Aol Agct
28 79 Pane A4 #Ao] AA 3] v} itk EA)
2tRE A FEAA B3wHAA FA ARE AL Fol
o} WA CP(Current Pointer)?} ©]&3Pax &)
AX7A 9 BA FERE YA HEZAA ALdstn 3l
t}. A PePr,Ps7X] C AHE Paned AW R
AT, Pos AN Folth ko] XA CP7 Pe
AR P 357t Time Unite] €& ¢
EFY A8 & (timestamp) &to] 3t HFEo] S0 A
2 Aolth. z3d I FEd Pol AAHI, TUs
[Ps,P7,Ps Ps,P10]9t Z©] PaneE< 153}3|4 Pane W
Aol Agdrt i o]Re] A 3 o]&Hch
Pane4A 8@ Algo] 37bA] vl it} Paned
A&Hoz MM FE& oA AAZRE AFsla,
HZF PaneAAAAMAA AAHE FA FE Paned] AT
k. MINMAXCNT,SUMAVG 94 MINMAX,
CNT,SUM< C¢ I Aeje] Pane EFeoiA HEwr}
A9}t 23y AVGE Paned =74 wg e
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Time unit size : t, Pane size : p

571

Incomplete Pane

L.

Complete Pane

VARV

0 By t B, 2t B,
0 [ 2p 3p 4p

b e 7p 89T9p

L

cP

TU[P1,P2,P3', TUIP Py, P]

Temporal Memroy (
TU3[Ps,P7,Ps,..] [

Temporal Ml_amroy i

<Now P8 Calculating>

4

29 7 Pane AA4#A

418 E 2 Pane AR d1EE

Input
T ! next of Time Unit, P : size of Pane, CP :
Current Pointer

Output
TU : Time Unit (The group of Pane)

Procedure MakePane()

Initialize

01 Init(Pane);

02 Count = prevCnt; // ©)A7A A4 Paned)
MCI A E &)

03 GT = GT + T; /@A 7449 Global Time
Unit

Begin

01 While(true)

02 {

03 Tuple = Buffer(CP); /¥ # A CPdl 7la)7le
e dolen

04 CP++;

05 ComputeAggregation(Tuple,Pane); //Paneol
AA 3734

06 Countt+;

07 if( PaneSizeFull(Count) ) //Pane®] & 3t&=X] &9l

08 {

09 if( prevCnt == 0 ) //°]&A Time Unit2

CHiold

10 Pane.state = “C”;

11 else //°1A Time Unit9] I Adejold

12 Pane.state = “I";

13 InsertPane(TU,Pane); //TU} Pane2 37}

14 Init(Pane);

15} .

16 if(tuple.timestamp >= GT) //A1Zto] & FeXA
g

17 {

18 if( PaneSizeFull{Count) )

19  Panestate = “C”;

20 else

21 Pane.state = “I”

22  prevCnt = EmptyPaneCnt();
23 InsertPane(TU,Pane);

24 Return TU;

25 }

26}

End

o JEg=g AL & Uk

due]ZE 2= Paned AAASLE AW 2o ulelbA
PaneE9 A2 Time UnitS Wasle gagZo|th
44 Count$} GTE %713 &t Counte FZ9 74
£ A7) $1% otk o] WFE Paned AR 7)
F02 AT Counts 2719 prevCnt® £7)13} 5
<), o}= ©]Ad Time UnitolA CEL Pgej= A4
AL Basl) 9% goltk. GTE Time Unitd ©-&
g 7k o] e PaneES A4 Time
Unite] Jgez wigkete AlAE veis 71€e2 A}
SHth dneEe d82 By 03-04F44 CPE ©]
F3EA WA FES 7R 20 2ER 05 EA)
Panedl FEEY FA %S ALRITE 221 072004
PaneSizeFulle AD$} IDo) w}&} Paned) & FeA 2
3l F4-olt}t. 2 A Paneol & Z 739 Panedl A
HE C2 AA3xn TUd AA}Y. 22y Paneo] #
A e A AZo] A AolBE 1 AR AA
gt aEa ¢ B uEHoZ Pl FEY
timstamp”}t GTol =238, vpxgte g 17&494 &<
Zold Pane? 4HlE Pane? A @&t 1L C
2 g3t TUq Astn #F TUE wadioh

3.4 Pane HHEHOIA Eo| £8

A7|M= SPQPAA HE Pane 7o F/E A
ARE o83l Heog Ashe 71l sl 2%
th WA Aol $8 A A A £ YAE
7}8)7)E Query Pointer(QP)E AME-3th A9 3L
ROW #elel sy Azg wEsts Wi TS 29
o gl ARE wEste F /M4 Wyl itk ROW
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The next position of Q1
Q1 (P&, Ps, Pe', Pé?, Py, Py')
0 y t 2t 3t
TU, TU,
c c c c
P, P, Py P'P? Ps PP’ P, P’ P& Py Py
Q2 (P, Py P, PY)
Q1 - TS, RANGE :2t, SLIDE : 1t
LP,QP; Q2 ~ ROW, RANGE : 3P, SLIDE : 2P
The next position of Q2

a9 8 Pane ¥ oA A9 £3)

£ Pane WHo| AZAE PaneES 71Fo=2 ARE ut
&3z, TSE Time Unit& 71E02 ZAdE v}

a8 8& HY TSHEY Q12 Time UnitE @Y=
QPE °lFAI7IEA A9 ZHIg Filn Utk Qle ¢
A}AolA Time Unit 5 7Jo(RANGE 2t) 333 6
/1) Pane(Ps, Ps, Ps', P&, P;, Ps)ol A%€ AA 3
& 7z ZAE gt ROWZ9 Q2 Pane
9z QPE olFAFIEA d9 ARE FII Stk
Q2x Al 719} Pane Z7)(RANGE 3P)el #33t= 47
2] Pane(P;, Ps, Pd, Pl ARd AA Z}A 2
247 E g

3.5 Pane AN 22|15

o7)Me A€ Pane WA © o] AMREA &
€ PaneEg AASe Wy disiA Agdth AAE
f3iA Ao wiA= £3) HRAE JHEdl= Last
Pointer(LP)& AMg-&ch 2o AAle 7dd gaEs
o2 A7t £P2 o njth, QPE ©)5dEA M =
U QP sgshs UAE Lpol 4%t zem LP
7} ©]A Time Unit®] $A A tE Time Unit® 9
A2 olF HA ol X2 Time Unit& 243}
Pane W3l At

13 9= Pane AHABHA-E HoF3 vtk Pane B
oA QP;, QP QPs Al 789 Ay} 23] Folth )
QPs7} vlAE gixlolm 2 LPE QP $ix| stk 1em
o] Time Unit# X3 == PaneSS AHA|st Qo)

=8
==

QP,

Discarded
Timg Unit
And Panes

C c c c 4
A

LP,QP;

19 9 Pane A173

QP;

4 n#]Z 3 Pane 2H4 ¢udE

Input

QP : Query Pointer, LP : Last Pointer, TU
Output

True or False

Procedure DeletePane()

Initialize

01 TU = GetTimeUnit (LP);
Begin

01 DeletePane()

02 {

03 QP = GetNextQP(QP);

04 if ( IsLatestPointer(QP) )
05 { '

06 LP = QP;

07 }

08 if( TU '= GetTimeUnit(LP) )
09 {
10
11 }
12}
End

Delete(TU);

dnFE 3& o o) AHE3A % Paned Time
Unit 9992 AAsle ¢meE otk 4Alg $isiA
QPst LPE ARg3ch 4 @Al LPel A Time
Unit$ TUe 44t aexn QP7 ol5d o otk
QP9 $1X& 7A4sn(3E) AT QP7t A 71t =¥
Pointere|® LPE o] QP2 WAITh4-78) i
LP7} o)A TUA ths TUZ ¥AE 3 old TU
£ A3 AA$TL8-108)

AF7A ok Ao BAA Fe AE wWEA
st w2 EEHoE AMEEY] HF AL T/
el disiA drstdnh o Felde o] /e HE
A AA Ao A2AE £ k= AR AN 48
Eol 49 Fch



OF A5AYgRA &otold Y=f AAZY RS AT Y ALFH 7Y

4. SPQPE o|&8+ &2 Xz

ol FolMe B 71A A9 &E /A3 B =&
A Ak SPQPA AHE AFE APt T2
A 8 Arke AR £29 A g 7HAx
29 A¥E FUHY e A2 2 =E0A A
sk 7|HE FLdch 28 109 FoIF =29 6
N FHolA £=& A Urk A 2EYSE &
oje = dHoJele AF|ule <Area id, Car id, speed,
ts>9 ZTh Area ide T TR AY e HFd
e}, Car ide AEake] 14 ido)3, speede SR Al
719) AR £xolT tsv FHE Atelt o] 4%
AA E 18 Zo] Q1,Q2,Q3 Al el FJA A7t FA
o $8 Folh. Q& TSH&olx, Q29 Q3& ROW
A gjo|t}.

SPQPe] 43 &M 3 WAZ Paned Time Unit
o AH9 77E AAA Pane AYE AT FAE&
A, 28l AFE TR gy AEHo=

Pane& AA3la, BAE Panedld AYE F3hshe B

-Schema -
<Area id, Car id, speed, ts>

¥ 10 =28 270

573

¥ 1 =2 3% Azdd 559 39 49

Q1 : SELECT min(speed),max{speed),ArealD FROM S
[ RANGE 180 seconds SLIDE 60 seconds
WATTER TS GROUP BY ArealD]

Q2 ¢ SELECT avg(speed), ArealD FROM S
[ RANGE 200 SLIDE 50
WATTER ROW GROUP BY ArealD]

Q3 : SELECT max(speed),avg(speed), ArealD FROM S
[ RANGE 400 SLIDE 100
WATTER TS GROUP BY ArealD]

®o] FAl gt a2z o o ASEA g
Paneg WHA AAHAAN vimzE B3t 13
219 dE 7FAT SPQPAdEA e} A-4ghc)

U3 SPQPY 4Ayg HAA 4 HFHQ Panedt
Time Unit®] 3715 2A8oF k. ROW HJ1Q2¢}
Q3e AD#Alelth. 1E]l3 Qe @Y TSAYo|tk 1
HEZ Paned F7= Q29 Q3AE sxlm T3k
Paned] 371E 93 ROWAE Y Q29 Q32 SLIDES}
RANGES GCDE F§t}h. Pane?l Z7] Pger ged(
gcd(200,50),g¢cd(400,100) ) = 50 °|== 50°]th, LT
3 Time Unit®] Z71& Q19 GCDYl ged( 180,60 ) =
60 o]B2Z 10|t} Pane® Time Unit® Z71& 2R
ooz olAl= Pane AA FmEEL o)Ll AA
Z Paneg AN 2EIS F4 oL o] R
E50] J¥H Yok

a3 119e 9830 ®E =50 2 A AFe
16:31:00°]t}. Time Unite] 1&°]2g2 R Z2RE XA
AR} AR 16:32:007HR] Axtge a8z ¢
Al zele] AEtEA dEE FE 471 Paned 7]
¢l 500] H®H YAHEFd Paned AAFCE 218 10
2 CP7} ©]53tdA 5091 Z71°1A Paneg sht A4
At} Panedl= Aoyt 982 3t FARRS ARE

<1,29754,87.16:31:00>
16:30:00 16:31:00 16:32:00

<2,23324,93,16:31:00> o

<5,31779,112,16:31:00> . ’

T oral memo!
<3,61283,94,16:31:00> cP CP '/_\ emp. ry
<1,42345,88,16:31:00> Pane \E

TU; | TU, | TU; [ id, min, max, cnt, sum ]
| <1,81,94,50,4300>
-87,99,,50,4650>
<5,52724,104,16:32:00> A <376.53.56,4050>
. <4,92,120,50,540
<2,41356,93,16:32:00> Q3LP Q2 Q1 <5,101,119,50,5500> Compute tuple
<1,37388,99,16:32:00> <6,86,106,50,4800> until 16:32:00

%Y 11 Pane A3 ¢ A& 344



574 AR =F A

o A4 49 id¥g 2289 min, max, avgSs I
22 dth B avge cntd sumZB UFo] A3E
oo} Ft} @A Panedls <id, min, max, cnt,
sum> B R ide] AFHE A 2n A&
AA ARE AT 16:32:008] F3o| =363 At
¢ g8@th o] Aol AP PaneS el Y2 Time
Unit& Pane®® 2] TUsol A33%oh

o)A Pane°] #4532 Q1,02,Q3 A7t FHErh

L 124 o)F3HA &9 et ¢F S TS
o 8 A4 Q1S TUs $ixgt) QL o7IAFE 3&
o] W9 wF Sl FEE TU7F A4E 9 7Hx)
Aol F3& trgch Q2 A TURM Utk Q2&
RANGEZ} 2000122 Pane 4719 AZE A @5
ARt 2HA 7 idER 4709 et sumE 7HAIR
oA Had WA 49 gL 9. Q3F Range’t
4000122 Pane 8719] tsid $U& FFL st
a8z Q37F YA TUL9 ¥ ¢tol Solew
LP7t TUOIA 8] A Yor] dfe] TUE H¥H
oA AAT 99 AAL wRHoz FYFHA A
9] N2 E A&FHZ FYPFr}

5. 458t

SPQPE TSe} ROW &y} FAle] £3o] Hojx
A7t NPHA 2xn W}Eﬂ S e = i )
A HPE YA FZS EFeA &3, 29F FRY
AA g Bl UﬂEﬂ BEES =k Ak
o] ¥ 7[AE Eidle BAHAA 1Y s}ﬁu}.

5.1 M3 &2 ¥ MF GlolE '

Ag Hrlo] A" Al2d 3732 CPUYL Pentium
4 30 GHzelz W Z2eEe 2GBolI LFAAE Fedora
Linux 4otk 70 73E gec-4.0 Aot} 121 4
el A}%El tolele 2ERY 4 =& F7M1Y)
71 98 23 500,000/ 7 A FEE °H&l°i *Ef‘é
g+ 9= Eixﬂ_@ﬂ o3 AAHE eoletoltt FE
27ohe <area id, car id, speed, ts ¢> Zon FT
F 7l l6byteojth. AF Holel= A S A
area id7} ZA 6718 2802 B =HA A4 ot
a8l o FA Ao 745 TS ROWSE B4
3 HZEE 93] A&2"Hele TSHY g 79k ROW
Aol F NS AT 4¥d AMEE FYe B 29
Zrh

5.2 ME®I}

2 wBoA Adshs 7¥e +54E 59
s 5.1800M Helg BANA Ao Hal £x8 23
948 Sxo g de ANdeF wwe Al
£33 ZAIT Z4E AslA 371A 1Y E AR

G317

——J—’—-‘ITE

Aok

olghdlol 2 ) 33 A A 6 T (2006.11)

E 2 Aol AH8E A9 3749 FHQ-TS,
Q2,Q3-ROW)

Q1 : SELECT min(speed),max(speed), ArealD FROM S
[ RANGE 10 seconds SLIDE 5 seconds
WATTER TS GROUP BY ArealD]

Q2 : SELECT &vg(speed), ArealD FROM S
[ RANGE 200 SLIDE 50
WATTER ROW GROUP BY ArealD ]

Q3 : SELECT max(speed),avg(speed), ArealD FROM S
[ RANGE 400 SLIDE 100
WATTER TS GROUP BY ArealD]

g S A e FH
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make aggregate information

2500 ——

8
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1500 |t

1000

# generation time (ms)

o
3
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# the number of tuple (0.1million)

100

575

Query Processing Time

2500
——Normall. = /
2000 || —s— BINT e -/
SPQP | .

# processing time {ms)

100
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# the number of tupe (0.1million)
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