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Abstract: In this paper, in order to achieve a similar high-speed structure search for protein three-
dimensional structure databases on a large-scale, a method has been proposed to solve the existing geometric
suffix tree problems. Specifically, the proposed method is consisted of a buffer management method has been
proposed for the input and output of data pages containing the nodes of geometric suffix tree capacities, and
a hiding sequence method for high-speed similar substructure searches. The buffer management method for
the I/O data page controls the data page at a higher level node in order for the tree to be stored in the
buffer. The hidden sequence method was added to each of the tree data structure nodes which are called
hidden sequences for reduce the number of disk I/O operations for searching solutions. In order to verify the
effectiveness of the proposed method, compared with the existing geometric suffix trees, the proposed method
implements and measures the speed and accuracy of similar substructure searches. As a result, the proposed
method is highly scalable, and can perform similar substructure searches quickly in large-scale data.
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<cab$>

<abcab$>
<$>

cab$
O

1 FH (ababeab$) TOH T 4 v 7 AKDE]
Fig. 1 Example of the suffix tree of a string (ababcab$).

2 RMSD O
Fig. 2 Calculation of RMSD.
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£1 =%ty kDS
Table 1 Data set DS.

1D JERERCA
1 <(37572)7(4) 6’ 3)’(47573)7(7? 7’ 4)’(47 47 2)>
2 <(275’1)7(3? 573)1(277’ 4)7(6? 77 3)’(374’ 2)>

root

B4 Ees
/N L, L,

\
(1,2) ‘1,3) W23
L] L4

3 BATFEWLRY T 1 v 7 RO

Fig. 3 Example of construction of the geometrical suffix tree.
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a—+ ]
F—s0AN] e
LMY D4 D RAD RIS RT L ]
TTERUTRELADBR| | el S
DPM ]

F—HR—DD [ CPM ] :

neay~—vomaes | |

4 TAAIN=ADBEN LT T 42 7 AKRD Y AT LK
Fig. 4 System configuration of the disk-based geometrical suf-

fix tree.
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£ 2 KEXR=TONy 77 EHGA

Table 2 Buffer management scheme of each page.
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B, 8 o

B,

B;

B, By B
2 0 4

| | |
X5 HE/—FX=YD/)Ny 7 7 EEf

Fig. 5 Examples of buffer management of an internal node

page.

B, 8 o

Bs

B, B B, B,
2 0 4 5

6 mp>my DL EDHF L= DB
Fig. 6 Adding a new page when mp > my.

i — FTHWA TOP-Q 122\, B 5 % H
WTHBT A, TOP-Q lZ 20RO F— ¥ T, %
/—} BRK22O0DF ) —F&fF>o. T, &/ —
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12, 6 LTAITAIDOH L wR=V%
BT AL, Ny 7 HEBICEED R VD, L— b
)= KB OXR=IPFF2—1FEEZRAINL. HLw
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B, 6 o

8
" /

B
3 6

L /

B, Bs B B,
2 0 4 5
7 mp=my DEIDOFLWVR=T DB
Fig. 7 Adding a new page when mp = my.

*®3 MEF-—
Table 3 Query sequence.

73/WEF—7 PDBID
kringle 1A0H
homeobox 1AU7T
leucine zipper 27ZTA

5. FHliEER

RETIIH L RTECIRE L7287 1 v 7 A
KRIZOWTEHI 4T .

5.1 EERAHZE

RETHEOFM 4TS 72012, wwPDB 12 2012 4E 1 H
11 HE S TBE SN Tz PDBML ER O HEERT] 7 —
Y77 4)V%, PDBOID IC&INAT LT I /R
BH D Ca JETOREET— % 2800 B L, FHliERT— %
WM L7z, PDB » 5 HUS L 72587 — % 14 366,146 -,
T =4 R1F 1,400MB TdH 5. FFMEETIE, HEA
E—FDATr—5UC) 474 5BEET 572012, 7V
FVDEET— % % 6,400MB (2% 5 F CHELTHAL
72, MEBEF—ICHH LT — 713K 3 ISRT. kST
A—=FIE b =400, MFE/NT X =% 1Fe= 25 R—=IH
4 X3 8KB, 1,400 MB O 7 — % THEHE L 723800510 70
T4y PARDET—FH A XNy T7H 4 XA%FK 412
RT. BNy 77 A XD L, Ny 77 EREAVZW
ZraRY. EBREIZCPU . 3.06GHz x 1237, AE
1) 72GB, T4 A% = 38TB CTh 5. RETLEOHE
MR HERRT 5 72O ICHER T LI EAT S .

5.2 FFf

ZITIE, £ ﬁﬁ@tb@%%ﬁ%ﬁﬁt<%%é
NTWDZ L EMERT 572010, TAMMERLIZY AT 4
DHESES %k@ﬁﬁﬁ%%Né.%%Kwaﬂ,%%ﬁ
B ZRRD L CTRITZEN Y 7 1 v 2 ZAKH O(n) TH
TETVWLE I L REDD L. HBBICOVWTIE, Mk
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£4 Ny TTHAR
Table 4 Buffer size.

R=V% F=FHARX | N 77 AR | BENy 77 AKX
R = F—=2 78 GB 10GB 10GB
) — F = 1.8GB 1GB -
BB — 105 GB 10GB -
AL TR—=T 185 MB 25MB 10 MB
160 ;ﬁ\ ﬁ;immm 200 | 800 | 1400 | 2000 | 2600 | 3200 | 6400
140 WERFE
(eringloy 1 1 1 1 1 1 1
e HRT
= 100 (homeobox) 1 1 1 1 1 1 1
= T ik
ﬁ 80 = PEEFE (leucine zipper) ! ! ! ! ! ! !
® o e RERFE 1 1 1 1 1 1 1
(kringle)
40
REFE
. )l/./ (homeobox) ! ! ! ! ! ! !
ol = REFE 1 1 1 1 1 1 1
200 800 1400 2000 2600 3200 6400 (leucine Zipper)
F—5Y 41X (MB)

8 HBATFEM Y 7 14 v 7 AKOWEED CPU I H

Fig. 8 CPU time of construction of the geometrical suffix tree.

ERDL L TERNGRENTETNDL I L EEIO
L. VR afER L7cikIs, MERHEE LIRS 2 LT, %
FEIPERFELVEHETH D L E2HEDPO D,

5.2.1 1BEEM%EE

OO TR T 7 4 v 7 AKERESE T B 720D
W& ERTHE LIRETEENENTHNS., EROBMF
W7t 74y 7 AKROREE L b2 GbE 572012, RE
FHETIRENEY 2 & F 4 WSRO CPU KM o FHl
Aoz, FTORE, K8 OLB LKA n IZL
T, ZTHIERERH, $7%bb, On) Lholz. TOZEH
5, SCHK[2] KRS, T— A X EREEREIE T — 5
FA A n AL THIEL -5 THAZ L MR L.

T =& A4 A9 1,400 MB LT & 1,400MB 2L ETTF—
YO E PR DRERLE > TWED, TNIFERT—¥
WX BHEHRTH D, 1,400 MB D7 — & THEHE L 723800521
T 4w 7 AKE 1,400MB L ED T — & THESE L 725
{220 7 7 4 v 7 ZAKRTIE, #7212k — F25kd
5T LN LE) — PO oMmE #nehodhi/ —
FCORNEFNOY A AOWMMPZTHRI 5. LoT, H
W/ — FOT7T— % OFBUERB L I H D5 WD 55
T REEER R 2SI L T .,

5.2.2 RBEE

ZZTCUE, 521 HTHESE L-RMEN R 74 v 7 X
RITH L THEZITo 72, MBERHROIEMR I ICH 72
F=F$RTIZHLTRMSD #5H4 L, Miie MTTH
5b0LThH. FEEACTREBEZFELLL. 20
R, B9 DOLBYRENELEDOMERITE .

WERTFH:E RSP OMBEDINR ) A XD B VRENTE
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9 MIHEEL (F-fif)

Fig. 9 Retrieval accuracy (F-measure).

10000

< BEETFX (kringle)
1000

— = HEEFE

E‘:’ (homeobox)

4 100 -+ PEEFE (leucine
g zipper)

B EF % (kringle)

10
=REFE
(homeobox)
1 @ IREF& (leucine
P PSS N i
S oS S S S zipper)
DS A S 5 &

&
F—5HY 4 X (MB)

10 R
Fig. 10 Retrieval time.

EBTR T_aﬁ';fm 200 | 800 | 1400 | 2000 | 2600 | 3200 | | 6400

R (h) 2.8 7.4 26 35 45 60 134
EEE ]
(kringle)(s)
WRFE R 5.5 17 | 53.8 | 102 | 180 | 260 1200
(homeobox)(s)
RREER
(leucine zipper) | 3.4 | 13.6 | 428 | 93 | 150 | 200 980

()

8.3 22.6 67.2 | 110.2 ] 201 [299.3 1633.1

FRERERA(h) 29 7.5 23 29 | 37 | 47 92
RAREER
(oringlo) (5) 8.5 | 247 | 458 | 54.7 | 66.2 | 76.6 | | 1227

e
REF& (homeoboxy (s) | 38 | 181306 | 42 | 53| 63 | 1037
RFRER
(leucine zipper) 3.8 14.2 243 33 42 52 94
(s)

11 FFASEER 2 A B e ]
Fig. 11 Experiment time.

TWBZENS, EHICELIMENTETVLENVLD.
5.2.3 1RREFMHE

MR E R O LB R 2 X 10 (2, REEREE & R O
WiR%E 11 IZRY. T—=F A APREL R DBIZONT,
WHRTFHEOREHBIPEL RoTWwAhA, ThiE, £4 T
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RS 2R

IRENTWE EBYEBRBRBEOAET ) A A %B2, 7T—
5 DA IABRIEER DS o TWDLNPLREEEZ LD,
F—= A X% 6,400MB FTRELT L L, FHRFESX—T
RETFEITERTEICHAN 10 B Eom s b2 8 L7z,
METE, MEF-—DORSEELVERMEN LT T 1 v
I ARDEETHLHM ) — FETHERETHD, ERT
BCIIRBEREROBEMTH AW E YT L2010 %
DO = FPbEHIZE ) - FETORREZITHLRIT
N b 2wv, LaLl, REFETEENEY Z w5 2
ETEOFM/ — FIZhDBENENEFHNL Z & T, E
HROBEMHTH A IEEEINET L ENTEDL, 2D
R, ERTFBICHRTEERRENTETNRDLEEZLD
ns.

6. BhHYIC

KIFZETI, BATHH T 74w 7 AK2 OOMES %
RS BB ERFE L. —EFER, KEEOEMFER
VT4 TARD ) — RO ENTT =5 =T DR
ENET BNy 7 7 EHYE, FUEERROEELzOD
BEAEHIEL VRSN TWE, REFEOFMEIT 72
D12, wwPDB 2257 I/ BT S 72 &R E O &R
BCH) &2 B L, FRERRE SRR 24T o 72, BFAlIEER
DGR, EREMEE MR L DD, KR T — 513 LT
R e FE R ST & 5 Z L R ERE L7z,

LSHROBEE LT, R=IU DT — ¥ DKMEDL I
L2385 % b EHEBMBRBMNFN T T 4 v 7 AR}
A XA%R/NELTEHEREVHITOENG,

#EE AMEO—IIE, HARPMIRILL - FHAmioEE 4l
Bhar (BEEERRZE (C), MUETF 5 1 20500137) DOLFEIZLD
fThirz.
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