T3 A=¢E /1 vy 2ER S

F74 AE52 A

doly ~2ER-S S
2839 2-‘—‘31 %}3131 =
(An Efficient Join Algorithm for
Data Streams with Overlapping

Window)

287’ Z =2’
(Hyeon Gyu Kim)  (Woo Lam Kang)

= ™
Y=

{(Myoung Ho Kim)

2 o duiyez 3 dxEfe 2EY M &
3] olg-dth agel® Bdta, v1Ee] dFNEe €y
FESY FE-SHE AL 59 71BH 9E9ue 7]
Aot Q) ENHES EQT B =R ME B gl
s 999 e 23 Aol 29 magFo
2 Ay} A8 du8ES gt AgsE g
&+ EHeE 3F 2 F st YL o9} o
g3, ik JHoERE mixy QWI9rt uidaE)
ke A d&Hes AR 29 FFHE A
= ) $3E FA Adehe W () FF =A%
TEE 543 9d AL HYHow o)4slE W, (2)
22 Ashe) AAE Halslr) A% wA o A4 g
@) 7H& AZE M Wy & E3Y o, A¥e B
3 He =A% A 2R1E MEHoE o] &3tE Ho| Bt
T oojgahE 71E Wae vlE AdBo) 943 Helth

= AR(ASFHE7ER) 0] Adon FZnstastol
s A7 (No. ROA-2007-000-10046-0)

EES 7«1135ﬂ FAGEU AN FH AE$E AW volH &
& BeHog Aeay] 93 29 4nFY AReE URY =%

243 A

oY ¢ KAIST A4kt
hgkim@dbserver kaist.ac kr
wlkang@dbserver.kaist.ac kr
223 0 KAIST WAtea} g
mhkim@dbserver kaist.ac.kr
=EAS 200909 1€ 159
Arkghr 2009 39 179

Copyright/©2009 R34 2eH813) 1 71Q) 4o} 28 B4 A% o] Az
o) A7) w ARo] T BAR 2 UAY AR AL Hrbgin
of m, AHEE HQIH FROE AGE F glom A Helxd) ¥ Bret 37
& WA BAoE Gtk o] ) BA0z Hal W 20 A% E PE
29 ALLAANE Bhe 2 9ol dids Aol 51718 Lm W 8g A Beok
Fut.

B HAEE A ] AA R HE A15B A5E(2009.5)

AT Be A 22 a4

ajN

365

AE 1 Hole 2EY, solrals %2, FH A=S

Abstract Overlapping windows are generally used
for queries to process continuous data streams. Never-
theless, existing approaches discussed join algorithms
only for basic types of windows such as tumbling win-
dows and tuple-driven windows. In this paper, we propose
an efficient join algorithm for overlapping windows,
which are considered as a more general type of windows.
The proposed algorithm is based on an incremental
window join. It focuses on producing join results conti-
nuously when the memory overflow frequently occurs. It
consists of (1) a method to use both of the incremental
and full joins selectively, (2) a victim selection algorithm
to minimize latency of join processing and (3) an idle
time processing algorithm. We show through our experi-
ments that the selective use of incremental and full joins
provides better performance than using one of them only.
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Algorithm 1. Victim selection

Input: size s (a required memory size)

Ifs</ T,/
Choose victims in 7%,s,not in P,s (x <y)
Otherwise,
Choose T,,as a part of the victim, and then
For the remaining part whose size is s~/ T,,/,
Choose victims in B%s, not in Bs (x <y)
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Algorithm 2. One-time hybrid join processing
Input: B (a set of new basic windows)
H /W] + [T} < m (a total memory size)
One-pass incremental join, then one-pass merge
Else if W/ <m £L/W] + T/
If Crense < Coins
One-pass incremental join, then two-pass merge
Otherwise, one-pass full join
Else
I Crouse < Cioims
Two-pass incremental join, then two-pass merge
Otherwise, two-pass full join
a8 3 71 stelnEE 29 d3HF
Atshe @uEe AlxHe wxy i wiod
A2l o] v

HE 2903 A U8 4@61 %ﬁvﬁ:}
A vzgst £58 4%, )

A 2= %-5‘:3& 7S, 283 (3) WE A3 MR
9 =3 BEEE AR Ud 4 Stk

A Bse 7lt°ﬂ A4 45 2909 FHE
B = A#%E 42 £ Atk UoA e TE 9
T M Ert £ F901RE, Ceuwse®t Cond WAL

%wauwkoma}aqmzi £
| Qloin Te) Aol iz
e ol @eaﬂ A% wHo) ETh W=
Cun®l ATHA M52) oA #d 2AE Fuse] =
9 e BB

C’W 7F \‘4*201 EAzE Er Jﬂé B %3?4
o] olggth WHHZ (ool Hrhd F-as & %
st 2 ATEs YA

2 o]k 22 olojtiojg 9 } SASE=S 71

ro, ﬂiN o

) SRS
- TR I A e
g*; Wt b w ooy 4 H
g o En
e T odd al
"ﬂ [ ] |_)‘|
RO
r—ﬂ' o 2
e
%9 o B H o
e R S
CEIm
Sk
N _OJ E
A
o fo
T
)
i3
Lo

N
k1

b
ol
s}
vl
o
i
@
o m nm
o <
¢
I
i
i)
2
L
g S

Jl—}ﬁ
™ o
2 o
AL
~>m

=9 221 ZFHWindow-
basis join results) = 3/‘* FEE B3 oF $r)



368 AB ALY =F A :

Inputarrivals B B B F
voovov oy
Ti f }

t 1
Join results ROR R

Memory status B B B B
Disk status B B B!
B? B?
B

I8 4 oHIE ¥k A4 2 ¥meE

A&z 2 FAE YAFog A7 YaMe
< ukgdof 3o}
ZF WRE eWE2 9t o}

2. 948 FMeo] o]FXA| gk 71E AzHidle time)
9 A

ARSI s, Asls SnEEdae
olHE 7|¥k M2 g o83t

WA Q1o AGHAS v YuYE 28 ] &3do
2 ZFAE BRI oo, 29 A A4 F v=g
SHEZ I SO, dEE 29 YL AA) F
@ F dagE 18 FYSY oA gL AP F
taaz wavh 9ok 23 gl 7ol &3tk s1E
Peho] v=ged 2z FX9E Aeolng Fdd &
1EE 29 =3 AMET) o] wha) wA| iAol W
dq &3otd 7|E Yol vl A$d dgeine 29
2 gueE 29 £3L FHA2(Abort)Fich o] W o]
2959 29 Ayl ESRES g 98 FER
(Delimiter) & 9= st Aggch

A& 5o 28 4994 4719 7B A=$7} dhie)
=5 A3, T2 9% d=zde gdz 7gst
2}, A7kl B'RE Bt Wimge] ZuHUe A4S 2
A& Fystel R'E A48ty AT A4 2 W)
3 eHEELE fiste B HeE AL, ¢uw
Ze B'¢ "yzaz Bn FER(Delimiter)E 29
st ANEY R} B9de dhg oM H
2REF)E olgs BgHF ARNE FA ST olds)
A= WE2d eHERLE fitsle B3 B'o) Agd
A%, B'st BS t2zz Uz A" 29 A
R°st R%) W@ 7EAS 283}

Wk 21 Anpe] Aol AFHOZ o|FoX T AR
< Y8o] olx ALDEHR dyrid, g A7 HE(idle
time processing) REZ AFF} Y RoAE o
22 HEZ S o3 t2az AN g¥EL e
= glojg 291e £PJt o] W Y2z W g A
o AR E " Q¥ d&og glojg 2oL &

FEY A4 2 e A 15 A A 5 (20095

A} wekr 2 Ag 9A deom PYAHTh

Mg A7 AE REdMe FAHES £337] He] o
28 AHE #AEN 2AL P dF B9,
AL £33yl A AP AF}E Rigt 3, oo 2
8 N-1/H9 7I&Bx(i - N-1<x < ie HE
gl g fAgTh o= AN2L UAF Bivle] MgH
AL W, Y2 2 A3} Ri+1E AA glol AAsl7)
el N1& 22 dpdM QAFFER|, 2EH &
Sl FHA9 dolHE 7led Azt AFste
Aol FasHl]. WA Agkshs Py E 71 Al
T AE] BEoA H2l dlolHE A4A Qo] AAIES
HA g3tz &4k

1% 49 d9A B7o] AE®E F gudFe] R7E
AEHoz AA[GR 7HFEAL o] F JHE ARt A
Zoo M= R6E A4 98 tl2az®E B3E ¢
olgt}. o A% 71&9 vz W4 F B5RE BI7HA
= o2l 44E 47 R3S Y8 FAgt wakA B3
£ WEIHR gol Eol7] H3lAME 7|&Y B4E 23
2 gAok gt & 7H AT AE RDdxs B3
& 29 daFol AH8E b4l woh

orop 291 Ao AMo] HAFHoE o|foXn
F Hshop A2 4FYo] EAFRTH, duE 2
g YA "k o] o Fosol & HE, weF &
A9 Birt AAENE F34 29 AAE A A
e Bi ol Wxoll(x =i + N - 1) &8 Uz
By(G - i <y < x& fgaaz Agyolol s A
olt}, & Bi sTte 2 A5 9T AEHA gorne
22 AAE AT & glov, d5$E 7437 A%
U™ A By 9GA] tj23e] Ao 3o 21 Aol
Ao} Vs

Y 49 oA wek R7S WA ¥ vl B8] A
2E YT, g Az HE REE EolrkR] &1 ThA
dx2E 271 2FHLE o] 9 tazad Qe vies
5B 339 R4%FE R6S 44317 98l B4RE B6S
t3d) AAggc)

3. &E @

MRyl S5 e dwAd AN FF
zqlo] A 2AnT WA FPHG B =] Uy
o2 st WMuest REF BHINE )i FAE U
Buied 482 B FAstnA Sk

a9 55 22 MUES 0052 AARE @ o]
4 95 37 WE 7 2 PPel 28 A U
BT Wold xS 2ok AE de FF 2ol
8 2] w3 M2 oy =S =717t A
4% 373 28 A7 F71AT



ofi
E}J_ﬂ[
rie
k1
Jo
i
N
e
=
o
i}
>
i
o
o
4o
rek
fop
o

—weFufl Join = incremental Join
35000

188

Time(tick)

15000 /
e L

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Basic Window Size{tuple)

I8 5 Hold 9% Iy waE g Améi}

30000
weenFull JoIn o Incremental Join
25000
o
20000
— &
3 /
r=3
-g 15000 P
=
1000G —,/7["_,/
Dl ]
5000 -
«»‘/
o v + ¥ ¥ T
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13
loin Selectivety

I3 6 2 Jdgd mE 48 A7 wg

HA7)E 150028 FTHA AL
=

e S A e Aa AME Y
Ehdith 29l dEgo] Wg we gadd ae 9ol
271 e HE 2ol F2 A5 YA 4
#o] ®oHFE HF 2909 4ol v

A9l 49 ZASE & o, slojuys BAS ALEF
2ol Bgthe & ¢ gt

]
Fol ANHNA ol dundFe EHL FEY 2E

We dEom wobgolu, A=9e) hde] itk A

ot et
olghe 2, A4 2EHA ARE ‘d&Iq” &
23l7] A3 Yo g MJoinl5], Ploin[6l, Golab et al.

[7] 5 o) gzEFgel A=Y o8 dngEe

Q) 29 duygF 369

ZEYS 9402 AYsy) A3 =5 o
52 9E3 Y= 9(Tumbling win-

Eolg vt =9 A
119 71222 9=$8 Een, 2o duksid 3

Bl T4 = dsiMe oA @ych o)d 24
AN B u $el) gros she S8 HshA ok
A, 2 #AHA F3} A A(Load shedding)H} 2

AZEY 71F B8 94 GIFe 771 H0ck Das et
al[10] 5& ¥ ol WY g4 jlE 7E F
&3 Aol 2FHA FAY HA E2PEE F2E A
AsAY 2AZHsA) de Welch

58 8

ofy ©
E
re
H
o
o

Iox

gsl7] 913 wA i A4 RS 7He A A
W A

oL B H 10 % o
>

{11 Babcock et al, Models and Issues in Data Stream
Systems, Proc. of ACM PODS, pp. 1-16, 2002.

[2] Cranor el al, Gigascope: A Stream Database for
Network Applications, Proc. of ACM SIGMOD 2003.

[3] Harmad et al, Scheduling for Shared Window
Joins over Data Streams, Proc. of VLDB 2003.

[4] Li et al, Semantics and Evaluation Techniques
for Window Aggregates in Data Streams, Proc. of
ACM SIGMOD, pp. 311-322, 2005.

[5] Viglas et al., Maximizing the Output Rate of
Multi-Way Join Queries over Streaming Informa-
tion Sources, Proc. of VLDB, pp. 285-296, 2003.

[6] Ding et al, Joining Punctuated Streams, Proc. of
EDBT, pp. 587-604, 2004.

[7] Golab et al, Processing Sliding Window Multi-
Joins in Continuous Queries over Data Streams,
Proc. of VLDB, pp. 500-511, 2003.

[8] Urban et al, XJoin: A Reactively-Scheduled Pipe—
lined Join Operator, IEEE Data Engineering Bulletin
2000.

[9] Hash-Merge Join: A Non-blocking Join Algorithm
for Producing Fast and Early Join Results, ICDE
2004.

[10] Das et al, Approximate Join Processing over Data
Streams, Proc. of SIGMOD, pp. 40-51, 2003.



