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This paper provides how to control the threshold values assigned to the search keywords in the fast spoken term detection using a
suffix array. In our method, a search keyword is divided into some sub-keywords and they are searched for instead of the original
keyword to avoid the problem that search time increases exponentially with the length of the search keyword. In the keyword
division process, we give the adequate threshold values to the sub-keywords to get the search results same as the original one.
For this purpose, in the previous study, we have assigned a single threshold value to each sub-keyword. However, there are some
cases that a huge number of search results are obtained in some sub-keyword searches, and their verification processes take a
long time. In this study, we reduce the search time by reducing the number of search results that are obtained by searching for
sub-keywords. For this purpose, we estimate the number of search results in the sub-keyword search and assign proper threshold
values to sub-keywords so as to equalize the number of search results. In addition, we propose a technique to improve the
performance of estimation by taking account of the phoneme strings contained in the sub-keyword. An experimental result shows
that improves search speed by around 12% with compared to the previous method. In addition, by controlling the threshold
values according to the phoneme sequences included in the sub-keyword, we could improve search speed by around 17%with
compared to the previous method.
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Characters | Index Suffix Index Suffix
a 1 abracadabra 1 |a
b 2 bracadabra 8 abra
r 3 racadabra 1 abracadabra
a 4 acadabra 4 acadabra
c 5 cadabra sort 6 adabra
a 6 adabra :> 9 bra
d 7 dabra 2 bracadabra
a 8 abra 5 cadabra
b 9 bra 7 dabra
r 10 |ra 10 (ra
a 11 |a 3 racadabra

Array={1,2,3,4,5,6,7,8,9, 10, 11} Suffix Array=({11, 8, 1,4, 6,9, 2,5, 7, 10, 3}

1 Suffix Array OS5
Figure 1 How to construct a suffix array.
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Figure 2 A fragment of a distinctive phonetic feature table.
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Figure 3 The flow of keyword search.
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Figure 4 Athreshold value assigned to each sub-keyword by
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Figure 5 The rate of each step in the search time
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Figure 7 Method of calculating the rate of increase
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Figure 8 Example of when distance scale is real value in
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Figure 9 Example of when distance scale is real value in
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BIKFELTWD. RERD, BRI CICHBBEENERD
ZEINAT, HEHEEORWERNLOTEMIEML T
BILICAR AP OLTHD., 22T, F—U— FDOHFEHY
EEEICANTEMHROWNZITH 2 & T, HEOEWHE
HEITH>ZENTEBHEEZDLNS.

AR TIE, F—U—FFDRTA 7T L05EEDH
Ikt 2 EMHEOEMEL RN T 52 L2 RFT25. &
LENPUDTRTDORNTIA VT LOBBRRERERLIDOLD
RT—TNTH->TEE, MBROERICT—7 V2B RL
HRIATT L0 LEARIORKRTOBE L, BAEOHRRKT
O BMIE TORBHRERIE O EHEEZRD D, Zh b

DENS ¥ —T — FOBEDOELIZ T 28 NEaZz ke,

H(5%), (6 NHLAIATI (K (5), #(67)).

C; = Clyewt/pI=lt/p) 4 (1, aaltimthxg )

Cheal([tl/pJ—[t{/PJ)+C{2ebZ(ti_t"’) *ap =

(67)

= ¢ ealta/pl=ltn/ph 4 ¢1 ) d2(tn=tn) & ¢,

BRBIE LT, “oUsei” EWHF—TU— K% 1A HiXH
filf 1 TR L, 2 B HIXBIE 2 TREBET D L X DadRD I
X T7IZRT. “oUsei” ICEEND b T A 7T A% “oUs”,
“Use”, “sei” O3FEETHD. ZhHD FBETOMRR
HROBOTEHEZRKDD L, BME 1 ©LEOFEHIT

6550.677, BEfE 2 DL DYWL 44913 L 725, 44913 &
6550.677 THI D & 6.877 &L\ HELMGF B 4L, T DfED “oUsei”
IR ABMMA 15 2 ITHEINLIZROEME L 725, =
DarE")Dal LTHNS.
4. FHEiSEER
41 RBRBRIBEEEROME
BT Intel Core 2 Duo 7' =& v ¥ 3.00GHz, A A A

£V 6GHz Z##i L7z PC TiTo7z. EBRTHWEEFT
— X T HARGEHLSHE=— R (CSJ, Corpus of
SpontaneousJapanese) @ 606 WrRAsYDEHF A L=, =
WO DOEFIL, REBHERH F adikT >~ ¥ 2 Julius & v
TEHERINCEH L=, Julius THWEBEETT VITIREFE
5% PTM (Phonetic Tied-Mixture) Triphone €7 V%, Si&
ET VI Web 0 HFE LTCEEE 6 T OET v a vz, 4k
W dulius 7«4 77— a YIEITER Y MR OLDOTH S.

ETRG)DEHa, XE)DEEa,, a,ZHEHIIRD D
0IZ, p=3L LT, BMLEGRT —XDOEHRINL T
YHEDITRATEE~I TR O F — U — N4 200 i 2 f R
L7z, ZORENLERK, a, a 7KDL A, LT
DX I EIT /e o7z,

a=0.7816 ®)
a; = 0.5936 )
a, = 0.7148 (10)

FEERTIIRIEZ QI > THSICHE LS B
%), K@) & RX(6) % AW TEMBDN ST 2 X 5 MiEE
LA GETE D, K@) ER(6)2HWTHIEE
FEE LG E (fERISE2), 2L TR@)ERX(67) 2 HNWT
B2 R Lot (HERIFIE 3) &Il L7z. MBx—
U — Fix NTCIR-9 SpokenDoc & 2 h =3 L 7 < a2 > ®
STD(Spoken Term Detection)ALL & % 7 F#i%&5E 50 fH D 5
L, EELOFIECEBNTHF—U— NoE%1TH 10 F

Fo I8 BFEROMRKEIOMEHER L. vk, —FF
B0 OBEEN 0.8 LLTOBAICE L CIXBEEFREAITH
B THLFPDITEETH o212, BEOFTIKIZIT-> T
AN
42 BRFEERBOHBIFEE D

#2, RIBIOKAICHRTEL 2, 3128 T4
B C ORI OHER ORE B 283, o> TEHE/HERE
OXH THERME & FAME O RO E & 572D, 14y
WEZ D8 E T, Ui - T FEEAME HERINE O % 45,

[H) & BIC 0T WVIZEHRRN VNN EE XD, 22T
HERI VA 1 EHERI YR 2 2tk 3 5 &, TSEIfE/HERI g oo
S AW TTIRHERI T 1 L<HERI 578 2<HEH 575 3 DA
IZHEREDRRLS o TND Z ENgnND. LENR-T, FEf
B 2 IS, MBXF—TU— ROEHEINEEE LI-H
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2 HERIDTIE 1 ORI SO HERIRE
Table 2 Estimation of number of candidates method 1

HRYEME | FENEMHEIE OB | ik
1 1.093 0.744
1.2 0.698 0.328
14 0.592 0.355
1.6 0.691 0.376
1.8 0.369 0.242

£ 3 HERITTIE 2 OBEREOHERIREE

Table 3  Estimation of number of candidates method 2

BRYEM | EREAERME O |
1.0 0.999 0.600
12 0.572 0.137
14 0.466 0.169
16 0.659 0.174
18 0.325 0.106

# 4 HEWITTIE 3 OGERE O HERIHES &
Table 4 Estimation of number of candidates method 3

HARCABE | RREAEE O |
1.0 0.373 0.632
12 0.336 0.158
14 0.126 0.171
16 0.393 0.345
1.8 0.144 0.092

HAEATSH Z LT, BEIZOWTITHERI i 1 & e THER
Fik 2, HEMTEE 3 8 BBl TWAENRSMS. LavL,
HEJU i 2 L HEM G TE 3 2 bkl d 5 &, BEME 1.8 Oy LL
ATHEGE2 B THESTLESTWAZ ERNDNS. 2
D LB, BRI ZRHERNRE E TR 51: 3 O F R E VD
HEHAANT L E o 735E, HERIFE 3 OHERIEIZR X <
ANTLEI EWVND ZERGND.

43 RS ERREEDFE

#5, E6IZADOFEORKEF—T— ROEGFHEMEK
%, R TIEBLRRRER] (BAL[S]) &ad. £5, K63
FOETD, WEFHRLATHERDE 1A, HERT %
1 & RCTHERIGE 2, TR 3 AR WS R 2B T\ b
Woamb. RTITRT LT, L TH 15% MR %2
EfiCETND I &b, BET DEMEMEN R T
HHZENMEND BN, UL, HERIGE 2 LHERITTE
3 &bkl L7ea, HERITIE 3 S HERI T 1L 2 OMERE % T H]
DB|ENBHDENNND. £ 3, KADERNS KN
PR O HERIRE BE 1 IHER 515 3 A ERl>TWA Z &, 4y
BOIHER 5L 3 DIF ) NENT L h, PERENE(L LB
HELT2o00EEREZLND. 1 DIFHERIHE 2 OFF
HTCHEIF—U — RICEEZBEER S 2 D T gEaR
ZNWEWNWSIZETHD. £8ICEFDF R, £ 8% “Hr

£5 HFEOGIHMEME O LE(1/2)

Table 5 Comparison of total number of candidates among 4

methods(1/2)
EE] L %5 HEJ 7141
1.0 1,194,537 947,778
1.2 3,520,509 2,764,925
14 8,194,119 7,481,690
1.6 25,787,601 23,986,702
1.8 70,936,897 60,164,889

# 6 FFIEOAFHEMEO LR ©2/2)

Table 6 Comparison of total number of candidates among 4

methods(1/2)
EE HERI % 2 HERI 5 3
1.0 870,133 810,474
1.2 2,447,371 2,465,236
1.4 6,675,219 6,785,943
1.6 23,512,520 22,998,089
1.8 58,784,651 58,871,910
KT EHFEOFEIREFR O L
Table 7 Comparison of average search time among 4 methods
BHRYBE | W% | HERIFIE L | HEHISE 2 | HERIHTE 3
1.0 0.200 0.198 0.198 0.186
12 0.587 0.478 0.378 0.387
1.4 1.149 1.063 0.890 0.938
1.6 3.088 2.934 2.757 2.542
1.8 6.704 6.021 5.776 5.904

#8 F—U—F “FERIT BEREFO
Bl E D A HERIE & S i
Table 8 Measured value and the estimated value of number of
candidates when search “Sinkonryoko”

HEJ 71k 2 HER 55 3
I fiE FEI fiE HEMIME | SR
rEIF—1 21514 39440 35241 39440
o EIF—2 13727 22451 28505 22451
“E 35241 61891 65399 61891

£9 F—U—F Xy bR ML RBEREOEHEN LI
BT 2 A (RN HERIE)
Table 9 Number of candidates among 2 methodswhen search

“Pettobotoru”

HER 51k 2 HEW 51k 3
4yEI%—1 | 1,151,910(1,026,709) | 3,538,870(2,545,940)
ZyElF—2 | 2,640,490(2,963,635) 1,080,707(1,132,096)

At 3,792,400(3,990,344) | 4,619,577(3,678,036)

AT L VOB —TU — F & 258 L THREK LIZFHO
T BIME 1.0 DO SER— T — RO o H# R
iE & REETH D, HEBITIE 2 & HERIG 75 3 OHERNME X%
IWENRRY, HERTEE 3 D BEEREW. LaL, %
DEIXR—U— NI 2 2 BIEIXE D LR o o Io O R
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BOBEMBIIE DS RhoT-. ZD X5z, #HEFE3 T
HERHE2 X0 bREORmOHERNZ LCTb 5 2 2 B2
WHE2 THZIZbDERBETH D201, i HI
ENRolzbWHI ZEREZLND. £, HBSAN
TV D ERy THERIH 1 3 ITHER H 15 2 K0 H R&E 4T
WA E N0l T2, HEHE 31 & o T midit
NERTE D> HE b -T2, MR EOBIIBIEIC
B LU THRBENCET D, 2o, BRSNS & KE
DOEFEMNFENDZENDHD. £9WKEFOHERT. £9
IE, Ny PR RV EVWIOIRBEF—T— RE25EF LT
BB LR, HEFRYYEME 1.8 OROKSEF—U— R
DFEREOFERNECTH D, HERITIE 2 TOMBRFIZE LI
TSR & B, HER D51 3 TORBEFICHE b - i
13K 80 HEALEBZL o T LE-TWA., ZH 5N PEREH
EDFERNTHD EEZEZ2BND. ZDOZEnD, 5%OHHE
ELTH—U— REMd 2 & RINH bAEMECE H#T 5
FHEOKBEITHOLERD DH. R Tl L EIRTORFBE T
DNFATTEAOEROHLESZR LT, FRLHIO N Z
AT T LDERLBRT B0 E, L0 E L OFER»LHEN
EATO 2L THEORWHERIZIT) 2N TEDEE2 L
. £z, AR TIIMREGEROUHELZITI ZLNTE
7o, KR E U CmBIE T oMk Tl SR [ O FE S 1%
FaRGETITTES o T-. SBITEBE TORERIZ
BWTHFEICE ) B2 TREZITO LV o e HiE bR
THOEVENRDHD EEZD.

5. BHYIC

AL T, FEHOMFETIRE L T2 Suffix Array
AW ERE FERREFIEICONT, HEF—U— ok
2 HBEAEEEIC G5 2 5D TIERL, £0%EXF—U— 2
ENENEYZBEE 5 2 THREBETHZ L CTHmEtELH L
SHDHPEERELL. HIETHEROELTLBERELT
XTRB AT LOMBEA, BRBBIEOFRE ST EIZOWT
W, B4 ECREFIEOIZ T 7.

DEIF—TU— NZHEX DBEOREFIEL LT, K%
TIEKAET LIRS 2R L CIRBIE R O 1 53555 e O il
oo b EBRER O RS R OGS E THIL, SEEEIC
OO RHZ2NE S ICHEZFAET 2 2 & TRIEROERS
Ba SERBRHMAHET 5 &0 ) FiEERE L.
EBROMER, MBBEEYEICHEZDTELY, REHKE
DERIS Z HER L CRIME 2 H RIS 0% L TR A 1T 5 Fik
NEHTHDZENERTET. 72, DP v v F 7
BIOEMERZZE L C, Bfitks 2 7RI T CHER
PITO 2 ETHERIORBE Zm L L, FICHREBEEEZ MR EX
HHZENTER, B, F—U—FOEFEHZRINEEB L
BIEOREEZITH 2 LT, X OBEOEWEMBOHER %
THZENTEZ. L, BRINEBEETITRBEETT
IGHE LN TRESHPRIANTLE>LGERHD LV

IER DY, SRITERLEE L -BEEOHTEFIEIC
BIL CIEEICH B ZIT I NENR D 5.

ARFAEITE S LD & ABTEPED @ OB R RE R £ sl
HATED L WHRIERHD—F, HHEERELTDHD
WCRME AR D & IReR A, ReRRE 23 a4 N4 %
EWVI RN D D . AR TIIMRE RO K ki oW\ C
Rt L7228, A% X0 RBE O OEMEOHERN 7 k% R
Az, ¥ —U— ROETEO R, Pk oM
HAEDER, HEOXF—U— FEHAWEZREZEICOVTHHE
L7V

B
AHF5E1E SCOPE DEFEHFFED T %.
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