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ABSTRACT

In various fields of science, 2-dimensional array data is being generated actively as a result of measurements and simulations.
Although various query processing techniques for array data are being studied, the problem of finding similar regions, whose sizes are not
known in advance, in 2-dimensional array has not been addressed yet. Therefore, in this paper, we propose an efficient method for finding
regions with similar element values, whose size is larger than a user—specified value, for a given 2-dimensional array data. The proposed
method, for each pair of elements in the array, expands the corresponding two regions, whose initial size is 1, along the right and down
direction in stages, keeping the shape of the two regions the same. If the difference between the elements values in the two regions
becomes larger than a user-specified value, the proposed method stops the expansion. Consequently, the proposed method can find similar
regions efficiently by accessing only those parts that are likely to be similar regions. Through theoretical analysis and various

experiments, we show that the proposed method can find similar regions very efficiently.
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Fig. 1. Raster Data Representing Earth Surface Temperatures
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Fig. 3. Examples of Protein Sequence Data

wpA et o 2 A FRHAR Fofl A FALE A7 X8
Atk AYFHAE BopofAE FRE JFHOR FARe
oS BAstE A7 JPEAGHIL oE Eof, oW A}
stal WS 9] g8 AF vhe 3 o9l auE
2 Ho] 2ol gl A A 98 sfal Alokd, =}
7 A9 fAE F9e ZAAE 5 9ok A o
ol fAF 7 A o 19 EX 9 )%
TF-IDF 59¢ 714 =
H, o5 WY 7t FAMS AAtstE Aoz o) F
o} whEbA 22k T & =
A 9 T2

o)

KN
=

2

o]

= ofl Eﬂfl

Eog
Al

oY N oot

22 ti lo|EfolM Ze| Xz|

H 5ol W dlolEel g Filo] FopAHA B =
oA thie A o= md dolele] #ek vger 2
of Ay 7HEe] w3 AFHi k. oAF 5o, wd
tlolEo] et 9= FA &el(window aggregate query)

=

Sol A 9
Qe s AT Yk W ﬁgl %9 (join) A4LE

HAG delE o]z A] Heflo]Ad ke s &
AA A FElE el A WAl 5 el 9
2 ghol & dag 2Rl AlolH, 7 WA 7o
A f& o] 22 das 2dsE Holx, A W
2e das 29

ool A da gt Es ghel

Zolt}, ole gk AR Fejo xS ofF @
a8t @A vkt AT JaAE I et
Axt F 53] FAF 2 (similarity join)ell o gt
AP drHi2]. o= RG] trEAY ke
gEdete wde] v s 2Rlske dite®,
TAEE Tt Aeste] o A7 X1
o= A =8 (sampling), 773 4Hgamma operator)
4 dlolEfdl f3k theFk deoje ek AFrt 7l ﬁﬂ
gtok AN FAF S g ool fig AT (3]
Qo= Ao XaH wprh gl webd 2 =&edAE w4

dlolHell A frAb 798 Z&5 o e WS Addrh

L S L= M o e o [ A K

E S o7
k
e CLogE BN T o 3

£

ab

°1” %2

2 = 2

3. M H<

B =RdME 1 x m 3719 249 w4 dolgE Az
Pe w, AolA AA o jHA doll YA PAih FHE
ALGIZ Yl < i < n 1 <) < m). B3 AddlA
aRA ARE oA o] A ERE A @A TS
EgekE A9 FE wiEs Alivh, 1ilE UERL, o] A
9] g G4 (region)©] B0 (G < iy 1 < o). AY od
T4 R = Aliviy, jujplell i3l Re 7k2 A7)9F AZ A7)
22y WR) =42 — iy + 19 HR) = jo — j1 + 12 YE
ok A9l 7 79 Ry = Alivie, fijel, Be = Ali'v:i%, jhj'2]
o] th-&& WA A2 fAfsita gt

i

i

O W(R) = W(Ry)elaL H(R) = H(R-)
@ DRy, R < D

DR, Ro)+ F 79 R, R0 94 79 Zol& yeY
w, o] kel *}%X}ﬂ ARG #HA Dpud 9A FoW F
AbetthaL gt W(RY) = W(R»elal H(R) = H(R)Y o,
D(Ry, Ry& thait 2ol ojHt)

1= =0

(¢ =) +ill(5", = 7,) +4])



188 SEMZISS=2A/AZEAN H IO 33 Med AM4=(2017. 4)

oAl o 23 WMAelA fAF TAE P A
gJJr o] Aolgit}. o] u), Fajolat= HAdhe] A =
2 Sumol8F a AFeA) Aeolaiy, Foe] )=

AlEe] Folrh

7&9,] 7§94 2;—(]'0 HHO:‘ AS)JF Dma)u Smmo] To%i(ig U’Hy ]q’
28 wEAE TI5 4 (B, RIE BT ol

O WR) = W(Ry)elal H(R) = H(R»)
@ D(Rly RZ) < Dmax
Q@ W(Ry) - HRy) = W) - HI2) = Spin

%, ¥ w=RdA gRE Aot Foi 249 W do]
B fFASHAAE ALgATE AHF g ol @271E 7
Ar A5 A4S 3 Aot

32 the
AFAAE 31804 4o, M deleol A 277} v
o geA 94 2e A TES FASE Aol BE A

AT EANA ek web] B ERAAE A ¥
el A Bed 2e v wd vadEs A,
g e S A AR Sue o 2712
M BE Asd Fu A48 2ge 4a Z, ¢
I AS] 217k el S x m D

e (n-1 xmiAAY 2NE 7}7<]L RE 7Msd SR

awfﬂ 2e PYAT dF B, Fig 4= 9 Wg
AS] ZVE 8 x 8Ol Sy = 49 W AHE BE b5

TR AAAY BFES] oF BolFE It dF &
o, A7I7F 4 AR B2 1 x 4,2 x 2, 4 x 12
F 37 elH, 717k 531 AApAR ] e

= 2HAela, 2717 681 ARl m
3 x 26 x 12 F 47k|th. o3 W
8 8 x 7% AAAF ] BF7A] st
At o] mekol A H Tt

=

Fig. 4. Examples of Candidate Rectangle Shapes
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: function findSimilarRegions(A, Spmin, Dimax)
for i =1ton
for j1 =1tom

= Aliviy, ji1); // a region of size 1 x 1

for o= +1tom

1

2

3

4

5: fori: =i ton
6

7 Ry = Aliziy, joija); // a region of size 1 x 1
8

if (DR, R2) < D)

10: expandRegions(F, R2);
11: end if

12: end for

13: end for

141 end for

15:  end for

16: end function

Fig. 7. Pseudo-code of the Proposed Method
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1: function expandRegions(R), R2)
2 // if expandRegions(R;, R) has been already called,
3 // the following is not executed.
4 if (W(R)-H(R) = Spin)
5: output (R), R2);
6: end if

7 R, < expand R; downward by adding one row;

8 Ry < expand R, downward by adding one row;

9 if (DR, Ry') < Dpa)

10: expandRegions(R)’, R2');

11 end if

12:  R,)" < expand R to the right by adding one column;
131  RY" < expand R: to the right by adding one column;
14 if (DR, RY") < Dy

15: expandRegions(R;", R.");

16:  end if

17: end function

Fig. 8. Pseudo-code of the Function expandRegions()
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