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Abstract: Geometric suffix trees stored on a disk can be used as indices to achieve a high-speed similarity
search on large-scale, 3-D protein structure databases. However, due to an increasing number of data records
in the protein structure database, a large amount of time must be taken to construct the index, greatly
affecting the search speed. This paper proposes a high-speed processing method using a master worker
and distributed worker methods in order to parallelize improvement of construction methods and both the
construction processing of the index and the similarity search processing using the index constructed in the
protein structure database. In the improvement of construction methods, the authors focus on the viewpoint
that the existing construction method of the geometric suffix tree is not suitable for direct parallelization.
Therefore, beforehand, the authors changed the existing sequential construction method to process one by
one the data in the database into a top-down construction method to process all of the data together in
the database. Moreover, the authors changed the existing buffer control method into an adaptive method
for parallel processing. In order to parallelize both the construction and the similarity search, both data
partition and task partition methods are applied to a given problem, such as the construction and similarity
search, and sub-problems generated from the given problem are executed in parallel using each worker model.
The performance evaluation experiments resulted as follows: in the parallel processing, a multi-buffer master
worker method was better than a single-buffer master worker method and the distributed worker method.
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Table 1 Example of coordinate sequences database.
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Fig. 1 Example of construction of the geometrical suffix tree

by the node storage method.
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Fig. 3 Construction method of top-down.
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79 . TOFETIE, ERS NI/ — NE#hE BENEYIE
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# 1 THW B2 M WigE T EOBH 2179 . K 3(a)
&, RPN ERFAMEOMPEBETHY, 20
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D Sapy PEE 5 X length(node;) = 1 &) b Ew
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nodes OFENFINIEHETINS., TOMERENK 3(b) L4 5.
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=) — FOEREITh R \W729, nodey &0 RWALEIZIE
AL,

Ny Ty RESE TR R R SR T T A 2 L
T, AL L FUR SRR O F T RE LS
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1), Hy i, jy[1.m + 1]) D35/ & 72 % nodey & AT 5.
MSSD(node,[l m+ 1], Hy ;. [1.m+1]) <bThHA
WA Hp 8, 29 TriFEH LT/ — FaAfE
BT 5.

(5) 7/ —F&FXCTHAZILLT, ¥ A7 T —VIZHEHM
L(1)IZR%.

DT, by 75T S ORI & RO
FERITERICOWTHAT 2. ES 2 TRIMFEWZRETA
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Table 3 Top-down construction method of buffer management

scheme.
R=T% REERILAL LA
Hil ) — Fx—=2 | TOP-Q TOP-Q
Ty R=T - RR—=Y - -
FENECH R — - -
Ny TNR=T LRU LRU
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N, ~J
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ORILFINIT7AR

4 AT —HEOREK

Fig. 4 Configuration of master worker method.
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9%,
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Fig. 5 Configuration of distributed worker method.
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Fig. 6 Time of construct process for each data size.
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Fig. 7 Time of search process for each data size (Kringle).
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Table 4 Evaluation experiment method using the data partitioning.
R=T% Tk Jiik 2 ik 3
17— DHETHARD | L/M 1 1
WELETO /) —F7— | &L »HY %L
¥ DIFIE
GET— 5 DA - S LB Y TS LB iy

EHDROIER DL

CRENESNC L AARDOHE ) - F
Bk O g1 b

T Y ORENIESIES IR S
DTR—=Y DFgIHABNE L T
%

N TET L OREN R S

L (1 &2 OMES
D)

x5 KIEHLFEOMEMREOLE (K H)
Table 5 Comparison of construction performance of each par-

allelization method (hour).

DI (#ER EFF MBS Ny 7 7 EH ZFoff
YTy T o
AL — ik 2.6 1.3 0.8 0.5
<IVF Ny T 7 -
YAY T — ik 2.0 1.3 0.5 0.2
<IWVFINy Ty
RN — ik 2.2 1.4 0.5 0.3

x 6 KiEVLTFEOBmEKREROLE (#)
Table 6 Comparison of retrieval performance of each paral-

lelization method (second).

BRI RES G BBLB Ny 77 EH Zofh
ST NNy T 7o
TAY T —H ik 2.6 1.3 0.8 0.5
NIWVTF Ny T 7o
TAY T — Ak 2.0 1.3 0.5 0.2
ZIVTINYy T 7o
SERLT — 71k 2.2 1.4 0.5 0.3

53 E=E

PERTFH L OB, K6, X7 THESES X OHRER
B OEBLATERTEX S, ZOEBILATRE & % o 72 F
RWERT H72012, BT T/ — FOEREE & EIE 1%
%, I} 8 TSRO X—T 1/O Ol %, |’ 9 THEE
D/ — NS E R=VEsARN T HE L7z, T
(&, 27 OUERHRD» SHEEERED / — FMEIERE, £ 8 D
HERERD S R—=T 1/0 DZFNZNDEBOBS 5, H
SEMULPRIRER & Ny 7 7 RN & b ICIRER O SEAE O %D RS
ABLND. METIE, £ OWERKE,SFHAAL / —F
NR= OISy T 7 E IR OB L ATHER T X 5.
WRETHETH WML TR B TIX, %5, £ 6 Ol
ERGRP ORESEB L ORERIE & b IC~x VT 3y 7 7 B3
VIR AT = A ED RS ER LIS S LT
ETCVWDLIENFERTEDL., VTN y 77 R TIE
Ny T 7 ERE FOMOEEFS <NV F Ny 7 7 RN
% L DD o TWAE, DO &, Ny 7 7EBT
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R7TOMELHICBI A — FEREK
Table 7 Node creation number in the construction process.
TERTFE TERTE
7 =W J—F J—F J—=F J—F

PERCm g BIERE | fElEE BIEREE

1 3,674,681 4,375,145 | 3,674,681 0
3,942,762 4,864,325 | 3,942,762 0

8 4,235,548 5,312,146 | 4,235,548 0

12 4,687,435 5,834,532 | 4,687,435 0

16 4,931,352 6,275,438 | 4,931,352 0

£ 8 MHEWHIZBITLR-V1/0
Table 8 The page I/O in the construction process.

PERTFE PREFE
TNt | x—v R R P
i HEIAM | FGiAAA FHEIAK
0 0 0 0

4 453 1,342 0 781
4,857 9,312 0 4,245
12 36,455 51,357 0 13,457
16 61,432 82,145 0 19,723

RO MBELIICBIT L7 — 7B

Table 9 Data reference number in the search process.

TR T RETFHE
J=A% | /=K R=Y J—F K=Y
S AAA | B FAAR
104 3 104 1
406 10 406 4
8 821 18 821 8
12 1,231 26 1,231 12
16 1,614 33 1,614 16

BEOT— I DPoDT A A EDT =5 DHATEIOE
RETAZIZEPT L TWABDT, BEO T — 7 THHIREE
b6 Thb, Tz, ST —AETE, BHED
T=AP6 LY A7 ZZITWAZENTELVDT, %
DT =HPTA7ZFERLTVEEEIZIE, §XTCHF
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