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Abstract

As distributed computing platforms like Hadoop MapReduce have been developed, it is
necessary to perform the conventional query processing techniques, which have been executed
in a single computing machine, in distributed computing environments efficiently. Especially,
studies on similarity join query processing in distributed computing environments have been done
where similarity join means retrieving all data pairs with high similarity between given two data
sets. But the existing similarity join query processing schemes for distributed computing
environments have a problem of skewed computing load balance between clusters because they
consider only the data transmission cost. In this paper, we propose Matrix—based Load-balancing
Algorithm for efficient similarity join query processing in distributed computing environment. In
order to uniform load balancing of clusters, the proposed algorithm estimates expected computing
cost by using matrix and generates partitions based on the estimated cost. In addition, it can
reduce computing loads by filtering out data which are not used in query processing in clusters.
Finally, it is shown from our performance evaluation that the proposed algorithm is better on
query processing performance than the existing one.
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Algorithm
Input : tuple x € SUT
[*Partitioning™/

if x € S then

Map(Partitioning)

matrixRow = random(1,ISI)

for all regionID in matrixRow
Output(regioniD, (x, “S"))

matrixCol = random(1,ITI)

for all regionID in matrixCol
Output(regionID, (x, “T" )
38 2. 1-bucket-theta?| 28t 2d1a|E

1
2
3
4
5.  else
6
7
8

[229 2] 1-Bucket-theta®] dlolg] £& daz|&
orA Hely [ ST A &S o
dollA T2 MAH FU~ER AFse AT
shry}, ghef tﬂ 1817} S 3ol 4ol line), 7
(2 line) 39 Qo] MR RE F]AH

~~

2 to]EE H43H34 lines). THeF dlo]E|7F THE
of &3 lines), F-2H9] 3S B3 $(6 lines) 3l

o glof] AAE mE

270 -1

FHLHZ HolHE dE3h

Map: Reduce:
Input Randnrrlw Qutput Reducer X: key 1
Col T tuple | row/col Input: S1, 53,55 ,S6
Row 1 2 3 4 5 6 Sypas[ 3  |(1,81).251) 12,13,T4
1 S2A=7| 5 (3.52) Cutput: fSS‘ng,(Sa‘Ta)
S3A=7| 1 |(1:53)(2.53) S3.14
2 1 (@ SaA=8| 5 (3,54) Reducer Y: key 2
3 S5A-9| 1 (1,85).(2,85) | |Input: %}%?g 56
S 86A=9| 2 |(156)(258) | 15 et Ty (95 TE
4 TiAss| 6 |(2T1)aT1) | (OUPL{ELTINSTE)
p T2.A=7 2 [(1,T2),(3,72) :
| Faan T3.A=7 2 |(1.73),(3T3) | [Beducer Z: key 3
E | & T4A-7 3 |(1.T4),(3.T4) | |Input: -?2 7 Ta,
SATA T5.A=8 6 [(2,75),(3.T5) T4, 15,76
e Te.A=9 4 1(2,76),(3,T6) Output‘{SQ,Tz),(SE,TS)
(52,T4),(54.T5)

12l 3, 1-Bucket-Theta®| DiE|M 7|H

o 59, [19 3] 371¢] E=HE o838t
7he] wlole] et S, TE sk 3 A&

ok S, T7F th&ah o] #3238 o dlolg 7+ A(d
15 wEshs BE dolE 4 (9, 7)E B4 o}~
1-Bucket-Theta ¢i8|F2 thad Zo] =t
§={9,=558=1,9="7.5=89=9,5=9}
T={T,=5T,=7,T,=1,T,=8, T, =9},

A, AA deolele] £3 3 7 28 2H § Y

o]l A O‘«H #ef ofolr] 3& Fhgutsitt. S dlolH
Hee] 3942 Aol 1, 29 SE| ¥} wAakstE 2 S1
& 2749 7] e ZME% 0

]

= A Ol?— Zke i, 3 A e T
e e #E XE S={9, S, S, S}
Ty={Ty Ty T,} & A% Wert i 3 X
Syt Ty AbolelA Azl AR d=l& WEshs BE
loTe Hhs FAste, {{Sg,T},{S,T},{Sg,T}}
& ArE Ry e g Y, Ze A s
T3 2, 3] A9 oot S 7hzl BE HoJE ol s
T A A, 2 s e X Y, 29] BE
FA st %A} Q) °l HF Ase e

U
mlo rs&‘

=
=]
=

Ky

A
F8hE wAkskA| R tﬂOIEi TE AEE] i, FH
Bl 7k frAb 291 578 Ahqdake] i dskA] eol HA A
oJAe] Eg&ol At FAHS Ak [19 2]9)
g AeA Z 1271¢] dlolEl7} &% W
AgEo] AA dolH T 83%7F +& AFHom,
2572~ X~Zo A Z42) 39, 69, 6H49] A} 29l0]

_"':

Pk dolel 2 44 2 vlAkg doje] dge
e

g

l>
ﬂ?‘J
3
2
ofjr
3

A% ¥3hE F/M9ID, 228 1 FYs

— )
hil

&

A b A2 ARG F7E AA fAb 2909 A
29 A BARG xmu}.

olE | dstr] ffeiM = AA =

& Ak



Z= (29 419 2o Ajkeks 7S oy T
E‘l—

2
o
=
i
i
il
~N
i)
T
[o
Hﬂ
)
aY)
W
2
o ol
=yl
[
i
off
gL_"
o
>
>

First

I
(c) :¢1__: [ red:ce\ ] [ redx;ce;] : 3 [ red:cm ] (b)
Second
l S T MapReduce
(d) partition T

info

L

HDFS
N~

o
>
PN
I ro
iy
o,
i
4
o
o
N
do
o
Do
BV
)
2
_TE
F

elel 3t 14, 290 9844, ol 259, 75
ek B4, b 2919 SR T Ashs
meFe] £ e et 2ek A, 19 Wels
229 W G4 dole] 9 Soh TN T4 2 do]
g Haste] 2 FesEe BfFs gl Adan
@. 7, 197 252 G5E A5ue doje
X5 2437 913 HDFSel A7ds el dlolg&
APREHD). A, HDFS o] 7155 92 4Rg o
299 AHg BloleuS gaka, A

nA 25 25 238 SH, =

A3k HDFSOl A4ckc, d), A,
297 Weliel W @ HDFSOl 449 sheld
2t dlol ek A% slelof 3 #1521
& W5, ol F volEl) /1= MYk weid, ®
£ dlolBE <2lfi D, EHolE e Jrlw v
dato] F11 HlolEE A ATHe). Ao, 2v)

i

3. diE" 7|gt #5 Fot 24 Lu2E
2 Aol AE w4 WE Sl EEH] A 29
S 918 vlole ZHY 9 #F Fb it duEEss
AP AREsh= are]F-& 26 S S

Few ] ulo|E] B BA j)Zel 8

=
EEER B2 VAL 29 589 5
WAz PR 19 Welfat 20 Fae)
S8t 0] 9 (FAEA 1-4) o, 29A] W Fe

Agkatiz 7)9e dolg]
o dlel&lE *u‘ Qeto] dlojE HEE gotgr). HAF
el A dlelel YRE ol wasie] 4

ﬂ*oﬂ PEHA B). B1%2 g4 doly &
2o F 74]6}04 doleE 4d 2 £435131(0), whef
tE #5297 59 diold gl Wig {5
g oln] 7153w *O‘Wo}o% HDFSel 7] &gHD).
[19 5] 12H Al W9 g1 ~105 7=
7Ne] dlolE] [3t S, T*Poﬂ*i dio]e] E% ARE 7
e oAlZ Ueich ST odlolE 9] A, W ds
3 <S, {1, 1}> ¥ or W3to] #fFs Xo
ok T11dlo]El1 €] 749, W 3rE& Faf <T, {11, 4>
Ao WMEH s 7o ddac) i 4
S dlolE] g 7IFor i @E e FE
Aste] SAR I o|F AHsA =L, g
7= T11E X33t doly 7tk 45 7+
2 Aol T AR 9ol o] 2 A &aA Atk
2 4 X, Y, Z7F [29 4-D]9} 2] S,
BE FEo gt ARE o= HEs}

—%:lm:(ﬂﬁxomrﬂ



672 3g=ZEHIXSs|=2X| '16 Vol. 16 No. 7

o] ATk AR S, T Au A& $a72e)A
1 94 A A HlolE £X ARE AFst=d A
gt
Input | Output Input | Output
tuple tuple tuple tuple
SA=1 | (S11) TLA=2 | (T12)
S,A=3 | (523) T,A=1 | (T21)
S;A=7 | (S37) T;A=4 | (T34)
S,A=4 | (S44) T,A=6 | (T46)
SeA=9 | (S59) TA=2 | (T52)
SeA=10 | (S 6 10) TeA=9 | (T69)
S,A=2 | (S72) T,A=3 | (T73)
SgA=3 | (S83) TgA=1 | (T81)
SeA=8 | (598) ToA=4 | (T94)
S1A=1|(5101) T10A=6 | (T 10 6)
SiA=2 (5112 TiA=4 | (T 11 4)
(A) S data Map (B) T data Map
Reduce X S
Input [(S1INT106)T52)(S37) % §
tuple 32
Output [(S11)(S37)(S59) ... 48
tuple |(T12)T34)T46).. 25
73
Reduce Y 81
92
Input [(S23)S44)T69)(T106)| [105
tuple
Output | (S 2 3)(S4 4)(S116) ... T
tuple [(T69XT106)(T132).. 13
21
Reduce Z 34
45
Input [(T114)(S98)(T81)S59) | |56
tuple 5 g
Output | (S59)(S98)(S128) ... 86
tuple [(T81)(T114)T192).. 91>042

(C) Reduce (D) A number of each value

32! 5. Hioje 22X 2M2 gt i MElFA

29 WP Y3, 2ol S doleF sfop
sl

2 4geta, W3t Gol wASE Tol= oY Hole]
e 23] A ok AZhE At

N(Q)Z{N(SI)‘SI.-A:O(,SLES} A 2>

s

N,(B)={MT)T,.A=5.T, € T}
if(a>1,b>1)

Matrix,, = NV, (Matrix,,) < NV, (Matrix,; )

]

o, AAF F3) o S5ahe <A 2>5 o]&ate] ALtet
ok AellA N (a) = dlolH A3 SAlA 3t o 7HA
= F29 7lgolH, N(B) = dlold H3t TelA 3t 8
£ 7HE FE9 /9ol Matrixa s 94t F3} oS
Fro=A] a3l 149 dlo]El9} 13) b e dlo]el7} 241
g Al 9 el x22lo ”‘*@6}% A& ﬁwﬂv}.

dlely 4 ?L < %b’] 19 7

value of S data
# of each value of S data

o

5

o
E =
31
[ = . .
5 1E predicted value calculation cost
£
-

5

#*

1 2 3 4 6 7 8 9 10
2|3]als|af2]3]|1]|2]s

1 3 6 9112 24| 12 6 9 8 6| 10
2 1 2 3 4 8 4 2 g 1 2 5
3 4 8|12 16| 32| 16 8 12 4 8] 20
4 5 10| 15| 20 ( 40| 20 [ 10 | 15 5] 10| 25
5 6 12| 18| 24 | 48| 24 | 12 | 18 6| 12| 30
6 7 14|21 | 28| 56| 28| 14|21 7| 14 35
7 9 181 27| 36| 72| 36| 18 | 27 9| 18 | 45
8 6 12| 18| 24 | 48| 24 | 12 | 18 6| 12| 30
9 4 8| 12| 16| 32| 16 8| 12 4 81 20
10 2 4 6 8| 16 8 4 6 2 4| 10

M

u
[}
N
re
o
e
4
B



10

20
10

ol A A

12

(e}

A}

21
27
18

ato] 7} Se=H

12
14
18

20
24
28

gl A A

32
40
48

16
20

12

6

10

ST 3. ojo[H e

to] ElolE

9]

°]&

el
o

R

N

[e]

Els

jpuze]

S

kA 2004 A

o~
T

1 dle]

gl

¢

A
of &gt [

=
=1

e

al, 7 ol A

5

_?4

o] ¥l
Filtering
each tj = mtx .getT()
mtx(i,j).isJoining()

Matrix mtx

L

L

}.
if (s, —t|< theta) then

Matrix mtx, int theta
else mtx(i,j).isFilteredOut()

for each s; = mtx gets(),

return mtx;
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Algorithm 2. Load—-balancing

Input : Matrix mtx, int numberOfPartitions
Output : Partitioninfoll prtinfo

[*make partition S side and T side*/

10 Integer sum = mtx.getSumByRow();

2. Integer avg = suml/numberOfPartitions
3:  PartitioninfolnumberOfPartitions] pS, pT;
4:  Integer index=2;

5:  For i=0 to numberOfPartitions—1

6: if(CheckClose(pSlil.getValue,

7: mtx.getRow(index), avg))
8: pSlil.add(mtx.getRow(index));

9: if(index{mtx.getRowLength())

10: index++;

11: else i+t

12: While( index{mtx.getRowLength())

13: pS[numberOfPartitions].add(

14: mtx.getRow(index++));
150 index=2;

16: For i=0 to numberOfPartitions—1

17: if(CheckClose(pTlil.getValue,

18: mtx.getCol(index), avg))
19: pTlil.add(mtx.getCol(index));

20: if(index{mtx.getColLength())

21: index++;

22: else i+t

23: While( index{mtx.getColLength())

24: pTlnumberOfPartitions].add(

25 mtx.getCol(index++));

[* select more uniform partition*/

26: if(Stddev(pS) ( Stddev(pT)) return pS;
27: else return pT;
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