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Abstract Join queries having heavy cost are necessary to Data Stream Management System in
Sensor Network where plural short information is generated. It is reasonable that each join operator
has a sliding-window constraint for preventing DISK I/O because the data stream represents the
infinite size of data. In addition, the join operator should be able to take multiple inputs for overall
results. It is possible for the MJoin operator with sliding-windows to do so. In this paper, we consider
the data stream environment where multiple MJoin operators are registered and propose MM Join
which deals with issues of building and processing a globally shared query considering characteristics
of the MJoin operator with sliding-windows. First, we propose a solution of building the global shared
query execution plan. Second, we solve the problems of updating a window size and routing for a join
result. Our study can be utilized as a fundamental research for an optimization technique for multiple
continuous joins in the data stream environment.
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Input : a set of queries, QuerySet[]
Output : shared query plans, QuerySet[]
while QueryCount > 0

exclude SelectedSet
end
return QuerySet

Replace the elements of QuerySet[/] to common elements of SelectedSet

begin
for 7:= 0 to QueryCount
begin
if Containing # of SelectedSet < Containg # of QuerySet[/] then
SelectedSet = QuerySet[J]
else if Containing # of SelectedSet = Containg # of QuerySet[i] and
Cost of QuerySet(s] > Cost of SelectedSet then
SelectedSet = QuerySet[/]
end
if SelectedSet satisfies CONDITION OF SHARING then
begin
for 7:= 0 to QueryCount
begin
end
for 7= 0 to QueryCount
begin
if QuerySet{7] has only one element then
begin
exclude QuerySet[7]
QueryCount ‘= QueryCount - 1
end
end
end
else

¥ 8 ABEY A0 A%e o]4F MMJoine] HHs} L1

bt

Q1 = R[Rows 100

Qs = S[Rows 100

1. S[Rows 1001 = {R[100], S[1001}
Q2 = R[Rows 1001, T{Rows 1007 = {R[100], T[100]}
], T{Rows 1001 = {S[100], T[100]}
Qs = R[Rows 100], S[Rows 100], T[Rows 100] = {R[100], S[1001, T[1001}
Qs = R[Rows 100], SIRows 1001, T[Rows 100], U[Rows 100] = {R[100], S[100], T[1001,

Ul100]}
29 9 dA s
=99 Z7)9h dejulge] MeAs] WEol Q Qu Q [0 TR SIET
RE e Az NEE A B R oeHE Q| as o theon
o WA WASEEE AR Qe sz | X7 KU shoon e
Ah Qo] HIHE Q.8 Taehs Ggo TEHE

c

A2ES AY 0.o% ABAY. 1 Aske B 1Y
1054 2,

T 10914 Qe shiel flamie AxDE Aol A
A Aol HYHYSS JrIRTh gty A WAl wA

Qi = {{R[100], S[1001}}

Q2 = {R[100], T{100]}

Qs = {S[100], T[1001}

Qi = {{R[100], S[1001}, T[100]}

Qs = {{R[100], S[1001}. TL1001, U[1001}

Y10 GaEE A A 9AE 9 @ 39 o

D o, 9eee) 278 49 vgo] thay] fgd 2L Ha wee
HE Zs-E e =8

a2 11 gudEe) oA wAS 49 @ 5o o

[«

15¢l Que Agjgct o 7H ge JAYe z3g
R JEE e Qo] Qo EFHEE
At o] mf dhte] YPute] deleglonmz 3
1 davt gloh Qs e gl
THe 92E5E Y AT @Y o oy
3 2tk
olA Qi Bhel favhg JEAA Hug get
oM A=, oA AT Qy, Q3 Qv ME 7 X
FHAE 7HAA &7) el Azte) go] Hy Ase
FHBHA "oh HFH W Ao Ay Age 19
129} 2.

=oof I omn
x
o



8 AR A =EA

Qi = URI100], S[100]}}

Q. = {{RI1001, T{1001}}

Qs = {{S]100], T[1001}}

Qi = {{R[1001], S[100]}, T[1001}}

Qs = {{{{R[100]. $[100]}, T[1001}, U[100]}}

I 12 YnElEy 2 =3

&8 & Fof o

MMJoin 71%-& 323 8470 dueEL AL
s, 74 At d4g ddos TR " Aol
obd, H9 JFMJoin AAANE 7FoE F
B},

A 4.1. MM]om4 HAAF BT Zo] BrEIE o
4 5 NumOx, Aoz FFPH EHgeo o
A NumOa} ‘s}fﬂ NumO = NumO'= &3 w&

g},

%%. MMJoin 7Ige A9 FFe 720w 713
oowEkA W) Gl A AHolx shube] Ao o] A
ddth. MMJoin 71e] g A7t AYHE AHo|
#4557 i, F 9= 3= MMJoin 71¥o] ukg
Sl Ao E 9 2ok 9 doME E 649 w
AL ARA FHoi Eejel L*Jx} 9k 2o 6710 A
A wrgstoy Aokl ASoles RE Host A2 ®
FHAE NAA gopeg UH @At} she] Aol 3
ko] AlelHet ol Har Eee] dAxkat 4291 NumO
S} TYUT AAl SE WEshe @It 9d 6 B
oA FfEE do Aol s ol wAshE, Hox
Bt olake] AoFt the dANA AEH, o) B
MMJoin 7199} vHE 2471 BEeo] A 4 nr} g
A} ZolA = &—% gt melx MMJoin 719 o]

dlojets o]z~ A 35 A A 1 F(20082)

A a=Egw duzEe b eAvid £@se 29 3
& ob ulgg BAskdor ded o 2+ Aot A
o mAe YdEe AT Qo AA A9 IPLe @
Asfor HER O(m)) e Azte] 2o80. £3 FEH
E Y94ES it daz gl Ay 94 ddd
Age el Aele ) 93 me A9 IPe
Aabeiel i) 4 Aok Aol mle) ke e
= O(nmz)—4 Nite]l 2gdth F& 27 4L AN
AslMe 24 dguic) Hd =7)9 9E$E Folop
%}Uﬂ EE Hojo 9xE ZAlEor 2R Om +
nm)AO(nm)-f] A)Zro] g€tk WA, “*74101]/‘1
Olnm? + nm)2] A 7r BRSE 7pdu), Fote 7

At GduEEe v GACNAN e dgwe 21191
AANEZ n HHEEY. g2l MMJoin 7189 & A
3 BRTEE O+ ifm+ndo] B} o= A
Al

7+ tEAZHpolynomial time) & o)A HYS

& Btk dEFHog AFAHQ uF 29 HAHF 7

Hol Fete 73‘?— 2E %"“ °q°”‘(-Lt 7V ?ﬂ' d9 4
3]

o e iza:c: Wy a9 a9 492 Fue o

4.2 x°!°._4 g s
421 Q9 g%

= AN Y 2RE T

I'4_°

QA zEWAN AR AU o5 FEo] AA
Ad 29 Axsl 2248 deig o] FE% #ad

RE 2 G4 A% FES wsoler 43 9%
& AT BSHE FHT 5 Yk 0T AT ko

WEsle ARt F S Bale] A 49 2opg 2 A 89 PEE At = ddas 3%
g, 282H 4 FEo] ojH FES o3 A4E AUXA,
Aikte] 22 ZolAl AW, 2AFe | «HT} B ow 2 olud RIEES AANSASAE g £ s
S A 7] " o= Fxe] A% AL ) & FEth o8 A & FZol PreviD$} PostiDY F
g 4 itk thEe MMJoin 7189 Al Exme KA A9 HEE VY98 Fo
THste] dolet 2EY FAF) B4 7?%%% Bl 1‘?% 132 Agkete dd 2 2708 Jehd Aew 7
a9 89 YuelZolM gHom Feol Yo nA) = £9°] PrevID9} PostlDe] B4 71802 717e =
AL 7 Aee Hul mijel d¥e rpnn sHAE ﬂﬁ}. PrevID= ©] F&o] ojHg FEE2RE 4R
Key | Atrs | PreviD | PostiD | Key | Attrs | PreviD | PostD
120 [ T NIC | NIL | 120 | NIL NIL

<A tuple in state R>

<A tuple in state 5>

L Key

| Attrs | PrevID | PostiD

| Key | Attrs [ PreviD | PostD |

[ 120

|
[~ mN

<A tuple in state R>

<A tuple in state S>

| RKey [ RAts | SKey | RAtts | PreviD | PostD |

[0 171 120

o |

<A tuple in state RS>
IR 13 29 £ A9 Aux g



tolet 2Ed o)A thE o
ARNAE ¥el5H, PostiDE ©] FZo] ojujst HZE
< AP AAAE LEFA Ak FZo] He AlxY
o JEEHY 1 FEL UE FLERH 250 A
H o] ol == PreviDE NULL#HS 7kAH, o}
291 Aol FIHR] FPoEZ PostlDY %= NULL
< 7Ktk 948 R SE 94 8 2eES usin

2 19 139xsh & NULL ldls g8 7hat. R
7 S9 x9lo] YA, It T BZ 9] PostlD
TUEY gH& g MY OF BdAE 0E
e oy gkog IDIg #7787 & 9
3 AAEE A3 FE 94 PreviD9} PostlD £4<& 7}

el

L 2,

0

AA =Hed, 291 ] FAF FZo| mA=HAN F717
Qe gt BAF gho] 291 9A AT BEZ o) PreviD
o ZI9€ch <EA FozHA 9 A A E“"]
oW FEEd o8 AAHE AQAEZ gHFY, &4 &

ol ol FEES AANAEAE gulFA doth 017
oAl Fosfof 3 H& PreviDe dhile e A=
&2301™, PostIDE WH(Vector)e] FE|& o7 oy
2 #Fe FASGE Aotk ol s} HFZo] o7
29 A4t Ad} FES AAEY) otk

422 98-S 9% Dead Vector
Z FEd Bt AEE 94X ARE Jehlr) YsiA
A 2F gshe Ay gio] B9 g
Frretdol iy Bl Ee A3 29 AL F
Z AoellA 7ol fdHel Hajgdd o
Tt g 29l 9} An BEZSo] ojudt Ho)
, oEEt Aojo) wEER] d=rlE Hrtst
Zgoitn w4 Qo) w29 44 F39 &
o] dabAte] RT Ynuxy] Ho| Br] HRE A
blojel gtk B dpdMeE (19104 Aors
WHst A-83h Dead Vector
A
18

%

of

- .
ki g

i

r> ru\n fr

3} A& (selection) HAke] F

o7 /SE“ ALk YT “ﬂ Ria
ad Vectorol] wiz] &
Pk A== d
Vectorg Wstd L ARz 2
Foll 4= Dead Vector® ]85}
HE Apde] BE o] 71981
&8t Z7he] Aoz ) ]ﬂE
AANBHA st o33 2ot

3T

o3

De
g
BN

ol o Mt o
-3
r
e
)

=z

e & o oo

o
i
flo
2
hY
m

Dead
Q, Qs
Q

Window of Q :
Window of Q, :
Window of Q3 :

W2

W3

<State>

18 14 Dead Vector?] <

e

T A9 A= HA3 7Y
a8 e AR g2 9Es ZVE AHE3RE 39
Aot shte] AR FHEol A7 HAE # Dead
Vectord] AHg- & vtepd Aot e Q Qo Q3]
2wy, wa, Wi 9E$E A W, 3AE =
J AdAlE s 2 9Rg AR walrEe
A A (state)oll #Ag
1, Wz, w3 Y=S- e 2%
Z2 8] AdE 2 At
Hul A ghek I:‘rf"— FEo] EHH 7]
W1(17H91 FE8)& HoluAl 5o Dead
]‘Qo}*—tﬂ 01749‘ & FEol Quol
AL Yeple FRojth £ & R
A% A= M 7 A
w2271 FEE Hoju, 1 o}
(17H4 )& U Q‘:‘r
Z9] Dead Vectorole=
= Qi°] Dead Vectoroﬂ
At Azt et -

E 3X
=

Aol
F3e g
A% FE

r
jinA mln
rlo %0 i mo B

o [ o
a0
=

y
do, fn o

fu
o
=

i}
o
it

E=)

Hu
i
rlo

BEX o
TTE

7 F7 E5L,
F7Hdt}. o
B Axa ggech
A IS A
Vectorg 7MAE7TE ‘/}F)r‘fﬂ Aol
L3} Ro] 2{l€dd,
12021 FE2&
2 A4 4@
EZo] 7lA3 v F Dead
2 A 238 1509 F
Zo] Dead VectorZ 7}A
o] Dead Vector®2 7T Y&
WA FE Dead Vectordl Qi, Q& 719
ARE 2 At 2 FEo] Q, Qo EF ‘?_}#QX]
BOEE Q, QE AL T2 HJEZ YEHUYAHL
e ojngit},

24

o]

al
o

Dead
Q. Qs

Dead
Q,

Tuple
100 | ...
120 ...
110 | ...

Tuple
120 | ...
130 | ...
140 | ...

>

<State L> <State R>

(a) ¥8 2=EZ L3} R Dead Vector

Dead
Q,, Q,

(b) 2] 94t 43 FZ9] Dead Vector
2% 15 Dead Vector®] AHE- o

Tuple L Tuple R

4.2.3 Purging Tuple®} Dead Tuple
A Aoldes fA] 2E-HY el <ldA9t Dead
VectorE #33he 78S 478dch 94 2EH



10 RN =EA : doleue]l2 A 3B W Al 1 F(0082)

Key Attrs PreviD PostID
120 NIL ID,, ID,, ID,
(a) x5 A ool AAHE 7E

Key Attrs PreviD PostID
120 * NIL D, 1D, ID,

(b) Purging Tuple

23 16 Purging Tuple BA19] o

PostID Dead
1D, ID, Q

(a) 22 Dead Vector 3ol 719 £

Key Attrs PrevID
120 .. NIL

PostID Dead
D, 1D, Q

Key Attrs PreviD
120 * NIL

(b) Dead Tuple

29 17 Dead Tuple 242 o

FEAA od FEo] AAHAY FE] M2Z-E Dead
Vector gko]l F7H2 wjuir} o9} oA 49 =9 <
A A AAFEANE G 7Hek ik B A7
dME 28T AAE e AS® Purging Tupled
Dead Tuple®] A7 A& Azt o] & FE&
3 AFe Negative Tuple 7|H-S HP3 Felg,
Negative Tupleo] gk 718 B2-S sl 43} Purging
Tuple® Dead Tuple®] <&l 7)dk &g S g0}
= oM AolHg MY X¥F Purging Tuple 2
Dead Tuples A/d3t7] f8) thAlze] d4kE ARA
¥ethe A= daoh

» Purging Tupled] A4

A2 FE T3l 7t FEL AH FZEd o) A
A, ojudt FES AN P Ans
gt olHe ARE o]&dled e AN A K
AARLS o o9t ABE FFL aHAs) Fojor g}
°olZ $8] AGE= FZ°] Purging Tuplec]t} Purg-
ing Tuple2 QlE)2 FHo} HA) FEo] 7Pte] HFEL
LdeiFE 5383 EYFlag)’E Y A4 2 A4
A= FA3A g FE2 S AAEe g ARgd)

I8 162 A=9742e o8) AAH = FEH 29
we} AAEE Purging Tupled 48 HoZEoh 28
16(a)oll A PostIDE Al 789 99~ e 71X3
H, ol& o] F&e] AR A A 2 I &
Astdthe S oudtt w3, 38 16(a)9
2 Purging Tupled] 28] 9=-$71 AAHE Ao
o, 9A 2E i3 fx$ A A AATE F
PE FoskaL web o] PostiDAl EFFE Qe
% YT PrevIDE 7HAE A9 £ AR FE
< AAF Folor =0, Purging Tuple 3% PostID
HE AR AT 98-S ok 28 16h)E 2

FA
=l

= 40 e e

wr oA e 2w do rr

g 16@9 FZo] AAHEAM AHAEE  Purging
TupleZ, ©] %Z9¢] Purging Tupled)& deiss= =
27 AttrsFA¢ 7190 glon, AAHE FE% F

2) 5% &4l Asterisk(*) ¥} 5& A&

A PostlD ks 7Hch o]ZA AAE Purging Tuple
< A9 2 AAZ o)
*Dead Tuple®} 473

Aufdt YAl 2EJFE9) Dead Vectord] M2& gk
o] F7tEM, o] F&Eo] AT 2 AN A FEe
Dead Vectorel= 9§ #& F7isteol gt £
T-o)4= Dead Vectord] @& 718 4 e FHRE
ERele BE 2 Dead Tupleg A5l Dead Tuple
| 49 29 A2kAle] A2EE Dead Tuple®] PostlD
S A3, A9z A HolES o83t = 4T
o] 89| & PrevIDE /M FEES 8481, WA
= F29l Dead Tuple®] 7} Dead Vector® ZAF
Zitt, 28 175 o83 Dead Tupled d& HAFE

a7 17(@olAM 9 Zo] | A AEF HFEo
Dead Vectorzk2Z Qlo] Fr7iHW, sid FZ= A3
APBRE =R A AT FIox Hgo] Hojor &
ot 28 17(b)7F o] W) AAHEE Dead TupleS ek
WA Aolth Dead Tuple Purging Tuple® th2 Zd
IZ2 7 e, B dFdale o]E o]F Asterrisk(x*)
2 EAS

424 A€ 3 HojE

Purging Tuple® Dead Tuple°] 3% H3& AAs}
AV AES Dead Vector g2 F71317] 3= <
g2 7Rk BAS it} & oW F-E9 PreviD3to]
Purging Tuple ® Dead Tuple®] 7}AZ ¥ PostID
of XFETE 1 FEL AAGAY AEE Dead
Vectorgke] F7Hdth olgjg €45 HE9 A8+
flo] FaaA HH E A4 WY ZE FEL

el

Ml

9xg Fos WEc ¥ AFddE qdx s
25 =] H

ha =

ol

ol

o3

&> b om s

o gAE Hop wmEA FP3zE dd2 A H o
(Index Hash Table)& %91
g2 A ElojE2 T 2 Ak W9 FEFE
7YX e PreviDE 7|to®

Purging Tuple ¥ Dead Tuple®] Eoi%& =
PrevIDE w2A g ¢ U=E ok 19 188 2
92 #A] HolEe] FE & B dTdA spRske &

oL,



F 23 49 Hg A58 7Y 11

<I-Node>

Key | HeadKey

120 ] —]
b

T

<Key-Node>

<T-Node>
Next Key

-—

Next Time

" Next Index
o9 18 &9

A Azt AnF2E vERd Zold.

3% 1894 <I-Nede>& g2 djA gloj29] 3
T)(Header) 3R 2 7} PrevID®| o] 714 Loz w
Aee FE “}X]“"’ﬂ WE’rL}b FE A ZOH
(Pointer}g -frAgc} Zo) ARHE ASTFERE

<T-Node>=% ﬂ-ﬁiﬂ-—tﬂ ]ﬁ—' & PreviDE 717
< OE FEA g IRNEE fXFgo2HN d9x g

| Hol&o] A& g8 7Hsas gt

4.25 Purging/Dead Tuple®] 4

Purging Tuple 2 Dead Tupleo] #Axo] A9} =z

D AAZ HUAE 49 29 Akt = Purging
"Tuple ¥ Dead Tuple®] PostlD & 91 1 35
sho] HPEE FES Fol AANAY AEE Dead
Vector gh& F7ketefof el a8 19(a)s Q%% 7
Aol &3] AAEE FEoY A2 Dead kol F7}
H 522 8 4A9 Purging Tuple ¥ Dead Tuple
£ Ueld Aotk o] Purging/Dead Tupled 49 =
A Aikte]l m=FSPE  PostlD #g
19(b)s} o] <Qldl2 A Ho| &g
PrevIDZ S 7HAl= BEE5S 34 "9tk

O

23y a3

o olst &%

Key | Attrs | PrevID
120 | *(*y | NIL

PostID Dead
D, ID, ID, | Q,

(a) Purging tuple 2 Dead Tuple

<I-Node>
ID HeadID-| TaillD
D, P
D, o«
D, PR BS—
ID, .
\/

(b) ld= 34 HolE g4
13 19 Purging Tuple 2 Dead Tupled] 93 e~
s}]/\] E]]o].\i el

= T 1

FigadID | Tailld
1 kY ’
2 T /

The case of Hash(i) = i % 3

Qe ArTE

a3 209 GnEe AF/A HEE ddx @9,
Dead Vector®] A& Purging Tuple ¥ Dead Tuple

g ol 8F FE FaN LLAZE ek ol
5. M5 #ot
Ak

TollAdE 22U A9 A 48 d4FE Hie
g Ay 231 FoEe] Z47 st
9] AR EPAeR AIHAE W wELH
3 githk el Moing SHASZE 7}
“ﬂoﬂ A7t FfrEel A @] WE
7yale) #A] 2ERe] ARt a8
i 83k &t} AgstE MMJoin 71H&
AgAtg FHAeEA 29 Byt ¥A4dHE, 1 7t
* ¢ ZAsfe] i3t 9= BAH f9EE
Purging Tuple® Dead TupleS A3}
o AE Mloin @4HHE FH-3He MMJoin 71
o] F7HAH 51%0“5 Byt ERHoq FIe
MJoin 7Rt} AFo] 43S Btk
51 A|o‘| A gé
2 A8 Moin® ArslE MMJoin 71¥He 2%
etz FEEPen, HElY IV 30Ghz Z2AAM9) 1GB
DDR2 #2287t g d=$ $GAAdM Au} 714
HAl 1508 o]&3styon Bro e =(Thread)E A
Asle A5 A9E S3s4h
<Ay W 9 v A g A4
Holg} 2EHAM Z AEH gt FEE
g 27108 ZHAh AEAQ A 3 dolEH
2Fo A 7 2EYSY AA FFE HALLS Hoo
A3 Uz B 4= gk B AFA AEEH=
EY BZ Xdvle ¥ 13 2ok
A M e 2079 2EHS M8, 2zt 2EHE]
A8 £:E x4 3007 FZ(300tuples/sec)E A o3}
Aot BE FEAA 7] £4 F2 0FE 10007hA1¢]
A e TAEE S o 7] 4 @& EE FE
o X Ze MEFE DASEE e, B &4

>

o o o
_E,
[> of



12 EEEL RS EE

Holebulol 2 A 35 A A 1 F(20082)

Input : a input tuple, tuplenew
if tuplenew is Purging Tuple then
begin

begin

end
end
else if tuplenew is Dead Tuple then
begin

begin
begin
end
end
end
else

begin

begin
if oldest tuple in state is out of w

end

end

for each id € PostlD values in tuplenew do

remove a tuple with PrevID value = jd from correlated State
generate Purging Tuple tuplepurging for a removed tuple

for each @ € Dead values in fuplenew do
for each id € PostID values in tuplenew do

add din a tuple with PrevID value = id as Dead value
generate Dead Tuple tupledead for the tuple

for each w € Window sizes in join operator do

add Dead in the tuple for wand generate Dead Tuple tupledead

if oldest tuple in state is out of maximum window size
generate Purging Tuple tuplepurging
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Parameter Range Description
Q 10 to 100 The total number of distinct queries
SO 0tol Skewness of input streams over queries
WS 500 to 1500 Window sizes for input stream
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