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t RAL KRB RZERERREER
1 HILRER 2R TEWAR
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BALRFE AR TENF R B - HHRE WEWRE
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HOEL —MIT ngram KL B EHET N TIR—DD ngram et 2 HEH T3, FA 7NN D10 HT
FATTHT LN BEE, EEOD ngram HatE F WD HNE—D ngram #atE AN 3 XD bEEE 1T
BZENTEBEEZZLNS. 22 THARILTIE HMM %AW ngram EF NI X2 EB/BET IV SS
(Stochastic Switching) n-gram Z#2E T 5. SSn-gram i, HMM O HNIBERZE ngram BRIHIL 2T
FIT, $HEGFD ZETHERBICHT ¥ A7ITHIBL 72 ngram #gHE BEINICERT 5. SSn-gram @
HHHEE% bigram &L B8, HHEES A 7ICHBNT bigram LA 15%/X—TVF T 42 TFTF 3
ZEMTER. F, SSngram KHIREBEZEEEMAT 5 ET, FR{LL & bigram & HRIBLRBE
1% N—=TVF T4 E2TFBIENTEL.
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Construction method of language model
using stochastic switching n-gram based on HMM

Takeshi NAGANO', Motoyuki SUZUKI*, Shozo MAKINO*
t Graduate School of Information Sciences, Tohoku University
t Graduate School of Engineering, Tohoku University
Aoba, Aramaki, Aoba-ku, Sendai-shi, 980-8579 Japan

Abstract In traditional speech recognition systems, a single kind of n-gram is used for n-gram language
model in speech recognition system. If a task can divide into several small sub tasks, utilization of
several kinds of n-gram can give better performance. In this paper, we propose a so-called SS(Stochastic
Switching)n-gram which consists of several kinds of n-gram stochastically obtained using a discrete-type
HMM. In SSn-gram, each state corresponds to one kind of n-gram. When bigram is used as output
probability, the perplexity with SSn-gram is reduced by 15% comparing to that with ordinary bigram.
After the deleted interpolation method is applied, the perplexity is reduced by 11%.

Keywords langl;age model, n-gram, HMM
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1 RUBIC

HEREFRBOLDOEFETINVEL TEI<AN
5NBETIVIZ ngram R 5. BE ngramiTLD
SETTNTR—DDF XTI B—D n-gram %
FELTHEATS. ¥ A 7PNEindUT RS N
Biznkw, ThTNOYRAIDTFAMERNT
n-gram % FH U 72 HRERED BB T ERHSNT
W3 [1].

T, —DDF A7 TH—~D ngram TT453
n, EWIERTL HESTERW, flRdDa—
ABMWY AT EEZTRE, TFI—OHFHKE
AUFE2—DXIBRHFERTIEIXABREDN RIS
728, FIFENUCHIGL 72 n-gram % AW RS
MBNWZENFEINDG. FICHEF o2 — XA B
DA HI AT B LDNEIRI AT (ZTTERYT
FAZERER) KHTBIENTESLY AINEFE
THEEZLNS.

FHEHBIITWIF AT ERFBHEHFOI L%
8L, TN ABNEZLERNE (XD T
HB, B—O ngram OFRHEEZRKRIZTS
ThizED | EMETBEERESRN, 2T, X
D&Y T I A7ZTHEIL, ngram OFRIMEEEERK
55 IheED) EYT IR I2-HEITBHZE
WTENL, ZENICHIEL 2 ngram Z FAN5 2
ET, B—0 ngram ZHAWNSEDH LD BNHERE
NH/ENZEZEZEND. T TEHLTHE, EE
D n-gram ZHERMIZG OB TAWSETIV (SSn-
gram:Stochastic Switching n-gram) Z#HRET 5. Z
DEFITRAEBREETEETF A MhOYT
& 27 #HEICHEL, WL ngram 2259
LZENTESD.

—DDI AT EN DNDYT ¥ AZITHTHEE

@ n-gram %3RO DET VBBV DN REIN

12, 3,4, =D ngram ZESFHITHER, RO
BERTIENFEINTWS. LML, ZhbH50
EFNTIIRDEEHD ngram ZRLEHET1D
DEFIMZLTLES. L, EEOD ngram 2D
BZTHES ZENTENIE, I5ITENWEENSES
N3FTTHS. LT, sHETIE SSn-gram &%
DFEFT7NITYXLCTDNTIEREL, HMLEz2Y
A7 ELFHMERIIDOVWTHRET 5.

2 SSn-gram €T/

2.1 SSn-gram OHE

T AT ELDINSIRERDYT IR ~5EIL, &
NENDHY AT ETRDTE n-gram ZBEYNTEID
BATANSZEMTENE, HEOHWEFILR
BBEEZEZBNS. SSngram id HMM O HiHfER
% ngram RESAIILEZE®TNT, 2E2TO2L
TEHERBIZHT F X 7IHHEL 72 negram % HEIN
WEETS. £, T0PDEXE HMM ORESE
BHERTREINS. £oT, SSngramid¥y 7T ¥ 2
2 ZED ngram ZHERIICYIVEZ S (Stochastic
Switching) EF NV THBEEX 5.

PAFIZ.SSn-gram OFE 7 NI Y X LERRD.

»

2.2 FFF7NIUXA

~ SSn-gram X HMM TRIEIN TWHLw, ¥F
7T Y X LELTEHED HMM OFBI AN SR
% Baum-Welch 7))V U X LZGHL, HhMHERS
DS n-gram ERER D EOBEHEREER L. B
WERNEEETDMIC, HAOMER, MRELH, %
ARELRETERTD.

tﬂﬁa‘gg ﬁmﬂ%ﬁ”é O(: 0001"'07‘) t[/t&%’
HARER b, 2,
b;(0s) = bj(0t|or— N1y~ - 01

DEDIWTHFRL /2. Nid n-gram B3 N EHED
NTH5.

MAEER 0,(6) (i) REFOXSITEHTES.
FREL, g WAREE i 2 5 IRAE § NDBBHEE, n, i3
HMM OIRBERTH 5.

CV()(O) = l,ao('i) =0 (1)
agi = T4 (2)
(1<i<ny)

ns . . .
> a1 (i)assbi(odlo—v1) -+ 0r-1) (3)
4=0 '
(1<t<T),(1<j<ny)

a(j) =

P(O =090y -+ or|A) = Y _ ar(i)
=1
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BAMEEHL() LO)RUTOLIICESRETES.

Br(i) = 1 (5)
(1<i<ny)

Bi(e) = > Brr1(d)aisbi(0r41lor—(v-2) - 0:)(6)
j=1
(t=T-1,T-2,---,21,0)
(0 <i< ns)

NOA-SDOBHEE LTEBINIHIFERD, 7l

MEEE o, BRBIMEERBEEIENT A—F (1)
HiRER w, RIBBBHE o, HHHERD) OHEER
BUTFTOLIIKEBTES.

= - ca®Bi()
‘ 0(0)S0(0) ,
>orey @e-1(8)aibi (0o (v—1) - 04-1)Be(5)
oo e(i)Be(s)

ai; =

b (wilwy—(n_2y - wp)

S S ar-1(D)ai B ()b (wrlwi (n—2) - -wi)

)

o T Tt ce-1(8)as Be(5)bs (welwi vz - wi)

@

(1<i<ne), (1 <] <nss)
EL, ny IRERK, w, 3EEn, CSENSE
BD1HETHS.

2.3 HMM O#EMEDRE

Baum-Welch 7)V3 YU XA TIAREL =8 HAEIC
Lo THEBBOETNOUIENAEEDSTLES
R, PHHEORENEEELS. FHERELT,
HMM @ bR 02— ergodic, HHHERIT bigram,
IHESE U CHIHRER » L IREEBBHR o 27N T
NEFHEREL, HARRDIHEIARTELTERE
fTokd& A, RESFEAKIC > TEE SN
EFIVOHEMIS DWTL £, BWHEDETF
VEBsNRh o7, o TETFINDOEEN S EL
A 5L DI HMM OB BERM2R0 2 52
DUEND B, ‘ v

BROYT I AT B ENTEBTAYT
i, FEC SICXRPERN S DRERE ST B
EEZOLND. o THBEI LI ngram &2 &5
LT, ZNEND ngram KR O NEN BILTTH
5. EE, FEIED ngram B ED, TNS5EEL

BHET—DDETINEMES & THEN 2o/
ENSHMENRETNTWS [2]. FIT T SSn-gram @
HARROYHEZZD DI, ¥EFFA+ 2
HWEZELITIIAZV LI, FEOY AT LR
n-gram BRI A% RD, TN EDHEICL .

TFANFOEBICERL2LE, EEICLLT
HEBEOEDNHIED ST, HMBEOEDLN AN
EboEEZOND. ZOkY, BEOEESME
&L, FEEICBERREDNSEE (HEE) ©
BECIIHEDEDLONEL, TOFFADFEE
CEAOHBOEEMUIOEEDOTF X MIHERT
B<RBITTHB. £ZT, HXTEFFAL
EEETHIBDEDIZ, 7IXFVITOREEL
TIFAIIZEENSBTF AN OHEBEOHEESHD
HE 8ij Rz,

H;(l) H;(1)
(10)
ZZT, Hy, H;BENETNIFAF i, j DEED

BEAMETH 5.

F¥EFFAPDISAFYSTW, )IX1IT
AFET B, (2) EHENBLENY SAYALE
=V B, (3) LD 5 A (= HMM OHRE
¥) K2BET (2) 2RVET, LLTHoE.

TSRO REBS RO IIEIIEREEL /2.

®) Sw=§5{ﬂxnbgHﬂD+HXDbgH“”}

1

3 FHlmEER
3.1 EREH

EBRFHEER LITRT

FEFFAML, B20L5KEREFEHTES
FAOERIZE > TN M (small set) &
KBE2ty b (large set) X7, HERD
VHHEZR 52 5720 DREEFFAND I SATY >
I, small set ZHAL 7=, 3£ 5,000 0y k
KDWTIX, 3% 2,000 Dty M THSNEHHE
ZAW, EBDO 3,000 EIONWTIR7RTU %
o T HMM O IBBOMEE U=, £i=, &
DD bigram TOEBR BT o7, '
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# 1. ER&H
FRI—/XZ | EHFH
WEBEMAT | RWCP F—¥X—2X [5]iC
NFEENdD
R 1991 ££~1994 £ D HIRFEEN
DB OM 5 FIR
HMM kBB Y —ergodic
Hi/1#E % bigram
*2: Rty b
TV % | & B R
small | 2,000, 1 %% (1993) 124y (1994)
#9 25,000 XX #7 30,000 3
Targe | 5,000 | -3 %24 (1991~1993) | 1 %4 (1994)
%7 280,000 XX #J 70,000 XX

3.2 USARIUYTICEH>THEOSN=#E
fEDHFER

SSn-gram DHIHEE 52 BT oI A Y
ST DERIZONT, VIAYEN 3 OBROERD
—8 & LLTITRY.

PIRF 1 ,

HBAROBIAHKEIITEE ST,

FIIEEOBREREFICHENH D EES.

BHD, SETOBRTIES SHBTERN.

ISARE 2

HESERICLDHOT, MM 2 A=k
2EERIMABARLS S 1 1HERD

B 3 HIE.

USR5 3
BEXIEBBK.
BEIIRB KK,
BEIIERTIA.

UIAY 3REENBURTRTHHERAOXT
Bole. YIAZ 1EDTAY 2 TIRE-ZFDEL
FBNITDH B AN M, ¥ T AY 2 TIREEN
FENTVREXNEN . ZOL 3, FEICE
BHOBEICL>THERED Y FADINTETSH
D, BELZEENBSN TS,

"bigram ——

SSn-gram o
195 .
19 }
2z 185
H o
B
& 118}
o
175 @ o
°
17 ¢ 4
185 . . , . N . .
2 3 4 5 3 7 8 9 10

Number of States

B 1: N—=TVFIF I X BT (hN—% 48%,
small set)

S'Sblgvam ~
n-gram
43} g

42 r

41
2

409
3
§ ol

o

38 | Py

arf AP

36 ¢ ©

(4
35 - L.
2 3 4 5 [ 7 8 9 10

Number of States

B’ 2: XN—TVFTF I KB (DN—2 56%,

large set)

3.3 perplexity [C& %5

SSn-gram ® h RO I —% ergodic LL 72T &T,
SSn-gram & bigram OXHN—RIZECIT/xo7%. 7
Aty T BH/N—RIZ, small set T 48%,
large set T 56% THo/z. FHHIF A My b NX—T
LF 54 Tiiok. FAMEY ML F T4
13, EFNVTREEINEZTFANERICFHELZ.

B 11 small set TOFERZ, K 21T large set T
DIERERT. 1 £ D small set Tid 10 REEDE
FIVTHR 13%, B2 XD large set Tid 10 REDE
FIVTH 15%, bigram & HR SSn-gram DAY/ S—
TLFRITaMEN. FEE v M ORBEPRERC
&5 SSn-gram DHH bigram IZ EENTENWNN—T
LEITFANBENTRSONDYN S, #iC, HKiE
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ERBE B ETNA—TLFITF4EDL THL
BEENHDZENDM 5.

4 SSn-gram ~NQDHIFRFEIEDE
H

SSn-gram 13 n-gram & FRICEE T+ X b OEMN
+HTHRWES, FAMZY FIIHTEIXAIN—R
NS TROED, BRASHOBTETINOFEL
BIFOMBENSSD. FIZ T SSngram D7z O
LEERET 2.

n-gram TrbN 5 RO FEO—D &L THIK
DBNEF I EDEAFE QRN L ARSATH
%. #IzIE, bigram TEFINOBEEITHERE,
& D ERIODEE unigram RS DELHEDOMTE
FIOFBELESTS. ‘

SSn-gram TH ZHZ2BAL TEF IO FHELZE
5.

4.1 SSn-gram O FFILiE

SSn-gram R HIHIHEREL T n-gram BTNV EFD
DT, HHOBNEFNEL T (n-1)-gram EF )V %
E25. PRICLICERT S (n-1)-gram T )V OFE
HEELT, TRNTOEETFFAMNS (n-1)-gram &
FNEFETEHEREALNS. TOKDITLTE
BNz (n-1)-gram % SSn-gram DEFDRETIH
W7 (n-1)-gram &L TER{EICAVWS. LL, #
T an iz SSn-gram IZFIRBO H RN Rz > T
Wa7=, 3ER (n-1)-gram THER{IELLTLES &
ZRIEOHHFERO RIR DMFERIEINTL £, F
BBOMHENEL 25 Bbha. £DY SSn-
gram DR THMIL (n-1)-gram EF NV EFEL
rhERLLHEENESNBEEXSND. £IT, &
I TIE SSn-gram DEAREED n-gram HERM 5 R
T TSR (n-1)-gram HER Pg #51HT 5.

Py(wlw—(n-2) - - wi)

_ 227;1 PS(wIwnwl—-(N—S) Sewy) (11)

ﬁ:l 22;1 Ps(wm1wnwl—(N—3) ter wl)

7271, N1X SSngram O&IKEDHIFERD n-
gram ® N T, #ZIT bigram /x5 2, trigram 725 3
DEIKhD. ZTTRLHNEKE s D (n-1)-gram
R E(wlwl_(n_g) <o), (n = 1, | N) ZHn

T, HEREOHHHERIIUTOL SITFRLINS.

Py(wlwy—(v—z) - wi)
= X(N)Ps(wlwy(v—-g) - -~ wi)

N-1
+ Z A3('n’)-P.:(wlwl—('n—2) o "U)l) (12)
n=1
N
S hm) = 1 (13)
ot

=L, B WAER{LBORE s O BRI,
Ae(n) RIRHE s D ngram R (n=1,--- ,N) DE
ATH5.

ZDEH A (n) OHTIZHIBRERE 6] Z ANWT
fFore. HiRRmREEAVBBOES A OFEL, ¥
9> TIND Viterbi & D, TOBE/NZ v(t), (t =
1,--,0) ETfFok. =EL, o) 3BEENZET
DRt ITHBRE, [IEEY > TIVOEITHS.
U 728> THIRERIEZ EA L Z B0 e,

Py (wlwi—(v—2y - wi)

= A-u(t) (N)P'v(t) ('IU"LUI_(N_Z) [N wl)
N-1 .

+ Z /\”(t)(n)Pv(t)(wlwl_(n_2) .. 'wl) (14) :
e (t:]_,...,l)

LB,

4.2 FTHMERER

FAHIEFE 2 D small set, large set DG TITo 7.
SHTHEL )UKl , FEkeiTok. Fik,
B D 7= 01T HIFREREEE AW THEE{LL 2 bigram
TOEBRBIToR. £z, SSngram THREI &
{25778 unigram BTV EEHE T 3 HEOH R
FARBLEDIC, TNTOFEEFFAMNSEHEBELE
unigram % FIRETHBIZHAND HFEIIDOWTHE
BEfTolk. TNTHhORBLEZ BN TERLL
JedERZRT. M 312 small set TO#RE, K4
large set TORERERT. ‘

X3, ®4%5® [SSn-gram + 3£ unigram | 139
NRTOWRETHFD unigram TF N2 HNWZHO,
[SSn-gram + 37 unigram | i unigram MR % &R
2 Ll (12) TRHEL - bOTHS.
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53| SSn-gram gt:!
SSn-gram(¥ 37
52,
+
51 x
+ +
50
X x + + +
4} : % 5
X
48 L
2 3 4 5 6 7 8 9 10

3 N—TLFIF 41K B (small set,
)

T r gga
70 SSn-gram|
SSn-gram(337, ><
68
66 P
+
X
84 | ;
+
+
X ¥ .
62 - X + .
N +
X
60 + L
3 4 5 3 7 8 9 10

4 N—TLFIF4I2E DM (large set,
fEt2)

3, 45, SSn-gram t3FR1L bigram & HAX
ERLEBENN—T L F T L &R, small set
TIEM 355 SSn-gram + 3518 unigram TEK 5%,
SSn-gram + MM 3L unigram TIZHK 6%, FIRLL 7z
bigram KR TN=T L F T F 4 0MELTzo7z. &
7=, large set TIIK 45 5 SSn-gram + 38 unigram
TI3# 10%, SSn-gram -+ JH 37 unigram THEHI 11%,
SEHE{LL 72 bigram K HARTNA=TLF T 4 HHEL
72o7=. E£7=, SSn-gram +3£3& unigram, SSn-gram
+ 57 unigram, FHRFNOHEROLENS, &K
BET unigram MERZEHE T 5 T & T unigram HEERIC
ROMN KRS N/z/2%, SSn-gram+M3T unigram O
FWEAIN-T L F T 4B oNEELENS.

5 HHYUIC

HMM 2 HW= 8 n-gram EFNICLBEHE

JV SSn-gram #BEL 7=, SSn-gram IX HMM (Dtﬁﬁ
FeR%E n-gram BESHZLZETIVC, FEETD
ZETHREBOYT ¥ X 7L = ngram 2 H
BHICEETHETINTHD. HMM OFHEDR
EEIELMTITET, FHELEEIRIEUE
B2 T bigram IZ lb_T small set TH) 13%, large set
TR 15%, BAN—TLFIT 4 ZBHTENTE
7. ¥7=, SSngram ICHIRGEEIEZEAL, &SRB
T unigram FERZEHETZHZ LT, BIR@HETE
WL I N7z bigram & HXT small set THI 6%, large
set TR UBBEWN—T VL FF 1 2/, TR,
EERBL D EMAEDEBIET, SSngram
MEBROFEBBTEOEEAN THINEERT
RT3,

BE 3k
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