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Construction of Language Models Using Probabilistic GLR
Methods toward Speech Recognition

Hirok1 IMAI,t HozuMI TANAKAt and TAKENOBU TOKUNAGA!

We describe an attempt to apply language models using Probabilistic GLR methods to
speech recognition. Probabilistic GLR methods are stochastic models that assign a probabil-
ity to each generated parse tree. In particular, the PGLR model and the bigram LR table
have the advantages that they are mildly context sensitive and at the same time readily inter-
faces with information about the connectability of terminal symbol pairs (so called bigrams).
On the other hand, the construction of a good stochastic language model is one important
task in speech recognition. To evaluate the relative merits of the given methods, we built two
language models, the PGLR model and the bigram LR table, using a CFG with allophone
symbols, and compared our model with both allophone-level bigram and trigram models. Ex-
periments showed that the PGLR model reduced the test-set perplexity of the trigram model
by about 15%.
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Fig.1 An HMM-LR system with a Probabislitic GLR
method.
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VORHTH D, 5ETCRHREFLVDER FORE
B oPp%ENTEY, PCFG?, Briscoe, Caroll
DEF LY, bigram LR &Y, PGLR 7L, 1%
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BL A, BREEL~NL, BV Vofillt kel
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(1) BT — /A5 5 L H O bigram [Hi% &
BHE 5.
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Fig.2 Relation between a parsing process and a parse
tree.

HIRFEEFI 2, y O bigram X%, FhFh
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HRLEM L 5.

CDE I BEZHFIIESTNT GLR EIC BT k8
BRI HEREY 52 5F3:i2, Briscoe 53 2L Y
BACRESRA LaL, %S 0FETIZERILIC
YD Y, SHEINEPEXARDERBEERL o
TP or, Inui 59 R Z2OMEAL L, BT
ROEFEELEL {525 PGLR EF V% 2EL
72, BLTIZ PGLR EF VOB HEDOE % K.

2BV, oy, li, a; T ENEFIS—FDIREE,
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Table 1 A list of morphological categories of nouns used in our experiments.
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hutu-meisi ERe R &L H, FHIF, ZH
hutu-meisi-post £ A DFETRIT e Wi B R PE, &
n-keisiki HREw Zk, kB, b0
hutu-meisi EE:E wWhEY, )
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zikan-meisi~ippai | [Voif\v| P&ET2RELH | HLA, 48
suuryousi BEH e, A, €8
koyuu-meisi g =B Za—3—7, FHR
myoji-first HARADETF #, HA, @K, EE
namae-last BERAOZH] HEZ, AT, 1K
myoji-last NEANDET TANYTR, VI
namae-first NEADLTH T4V v, A7U—, Var
daimeisi R Hn, #
daimeisi-domo [& ] ¥fd 247 #
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wh-daimeisi-nan g [ [C)
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Fig.3 An extended HMM-LR system with constraints on
the connectability of morphological categories.
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BAOHRNE2 FiX 22 HOoFELIBRELTLIW
LR TTICHREL TWAD, BAEERC L 55 %L
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ZOETIX, ¥, TEDBTHE SN LRHBEN
CETEFNVOBRIIOVWTRN, RICEFTEFTIVE
HIREB LT 5 CFG # B LR GLR 7 V2 M
£TDFIEERT.

3.1 EBEFN

EEFHOTFICBVCL, FFEORBEMELT
EFZRFERTLIONRATH S, LeLEVH, [
LEHETH-TH, HBEOERLOEEBRICIYE
WIS L BT A L HO T, 22T, &
BB R BT MLT BRI, BEOUREE S KB
ENBIENETL .

BEEFVIE, 20X REETIREEET VO 1
S>TH5. GEIREKFEET VTR, TRTOFEX
BR/sy — v AR L EFRRBEO IR M IR
FT57:0, TEBHIPTRIEERNS -V %7 T
AIY T T EDN—EBTH 5.

BEEFVE, TRTCOFELR/ Y -2 %2 120
RETRTEZADHED THENEHOEROKRE
WEEIRD & EICIRES S % 1T 9 SSS (Successive
State Splitting)1? & FHIN 2 Fik% BT HEEIR
DIGAY )y T 2ffoTn5b, Vo T¥ I krF
AT DR, TRTCOEEILR Y — /34T
WEFNRPDZIATICEBL, FEHEET -5
Gl THHREBEHBWI SAY 2 ERT A2 LDSTRET
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<koyuu-meisi> -> Z—a—H—7
<koyuu-meisi> -> <_n> jb u25 u26 j7 0244 0402 k38 <_u>

EFFRRESRIEEL “«o” THATHS. 77, “7 CTHIIEBREEPHELTVA,
B4 #HEHNOREFI~ORH

Fig.4 Expansion of a word to a sequence of allophones in a dictionary rule.
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Table 2 A list of basic phone models.
HCL B EFER (B 26 FF)
~—aikjozhzudmngch
ngrshtssebgqtwnph

®3 FX /N OREFEFN
Table 3 Allophone models for a phone /b/.

¥ /v/ ORE

EESYLS ER
~ijzhuregquw
b bl

ikjzhzudmchngrshebgqtnph
-~ijzhureqw

b b2
-—aogtssw

akozdmgchngshtssbtnph
b b3
ikjzhzudmchngrshebqtnph

akozdmgchngshtssbtnph
b b4
-—aogtssw

of & Bt|ot & Rt|ot B B2t & Bt

RAERETVO—ERR2IC, BEEEF VO~
2RI ICFREFRRT.
3.2 BBEERKERES LTS3 CFG DR
RETRWET L T5 CFG 21ERT 5720121,
EEFNCRB SN -HESSHN BET 2480
b5, BT, RO X ) FIECEERL R
T5.
(1) HHFHRNOABDOHER EEFICERT 5.
(2) BRVEWBROTEIRE RS BEFICE
I D. 12720, BHEHEKBOETFEL R R
ETCELRVDTEDNEFIILTEL.
(3) &HHEZLIZ
EFE - BE
HRERE BT 5.
B4, [BELH - —ax—3—2] L) g
A2 REFICERL 281 % R,

3.3 BEGLR ZILBFIEEEZNOER
2.1, 22 BITENENRL MR GLR EOEHIC
ETVTHRELR R ERTAFIHL, UToksy
Th5.
(1) FBAFCERSTICREL, ESodsEs
BT 5.
(2) CFG & (1) THLNLEBEERD S FHEE
FTAUTYZXLW 2 HNT LR EZ2EKT 5.
(3) (2)THONA LR £EEIZ, bigram LR &,
PGLR €7 VO ZERFNEIC > THELR
2T 5.
CITHEE R B0, FBRF—IORRBICL S
T8 AN—-ZAAAMETH 5. LEOHEIKE L
5E LREFICEHESNIBEOKOME 2720,
FERT -5 OBHCTRER SR 2 VEIENS KT
N5, 22T, 4L, bigram LR FIHFL Tid bi-
gram BERDFIEIZBW TN Y 73 7 XL —-T v 512
%, PGLR EFVIZHL TS5 2L HFTTOE)
RS L T—EDBRVWEEZ 52 5707 ) v 7 %,
ENTNITo T3,

4. WEEOI—/Z % B SRR

4.1 J—/INREWE

ARFFRTIE, EEMETESRIL g —/92
ZEALT, EREHERRERYITI OO FHER
BiTol. EBREOMNEI—/SAL LT, ATR TIT
FEN 7z, 618 255, # 21000 XOEFT — /v 13
ZERLZ. Coa—n20i3, BREEERE S
BEEFNENNEENTWS, 0B, BESHCO
D= ADENEIAERL 7S A % 83 2 BA
AR CFG™ (MRE%K 441) 12, 3—12%h5
BBV IR L 7230555 S BE5| 2 8§ 2 fay
B, ¥F» 0BT 2 EBT 250 % s 2Rl 7
bDEAVD. TOXEDFHMER 4 ITTRT.
AENL, TI—NREED L, HEOTEERLE TR
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Table 4 The grammar for experiments.
BRIOWR | AR | #8500 | % o 2% | 2%
B 859 5002 1547 7408
IR T —_— 1547 1547 1547
FEFAE 1.39 7.21 1.00 5.23

WAERT, oL HBNIC EROBIAZFETE:
X EBRICHWY, FOBT,[I3V] REOBEE
B 10X EBW 9794 3XH 5 FHET — % & LT 500
XEFVF AL, RYEFEFHT - L £
By — % 97194 XN R E5H %, HERIIOVWTHS
2, BEIZOVWTHI6 I FNENRT.

4.2 FEE 5 &

AR, SEETVOFMMEREL LTF A MY
F—TLETF A BHWZ, =T L EFTT4
i, BRODLEETRICFRISALY VRN (22
TRETLL D) OBRBEOFHELERL, FOEN
PMEVIEERWE 3N 5. FFEEHOSFICBNTHE,
2oy A7 0L SOFFERSETT VO
REBLREICBWTHEBEN L CHAVLONR S,

bigram LR #3 XU° PGLR €7 )V & T 5728

DEFEBETFNELT, BESFIETHBHICHVS
N TV 5 bigram €7 & trigram E7 V%2 EAL.
2.3 Hi TR~z & 912, bigram LR && PGLR €7
Vit bigram EF NV XY BV E RO ESSTHR
TE 5%, trigram & OMRBEICOVWTIIHLG TR
v,

72, bigram LR RIZ2oWTid, 2.4 BiCH~4E
BOEEHHE PR FEORNEL RIS 5720
RO EER T HARA LT T N L AR TE
BWETLO 2 BEEERL, ERZITo7%.

AFETI, 4.1 HOFET — 7 ISR L TEEFEE

FLNTCXERERERD, FA Y M= T L XY
FARHEL, ZOEEHELL. PGLR ETFNVT
X, 7a7 0 S0l LSETRDBVWERES
TAEZRAL /2. 72721, bigram LR £& PGLR &
F DA BMERIL, HERMEO LM 10 fLF TOBF
RO EBHERONTEML 2. ZOHEBEL L TUTO
2EDSHITOEN S,

o BBEEMEDNZVITICHT L T T DI ARD A Bk

OB, 0T — SR ART SN MN HEERTY
%, BELHEANORTIBEITECEREA TS, &
COBRIZEY, a-NAOEXALEEOTEFAT LI LY
TERWN,

¥ BP0 bigram BRI REOEEHHENLLTVEIOT, B
HL AL, FEALAVO 2 DOBBHBIEAATA TS
k.

FERHE HIBL 2R GLR B2 A7
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Fig.5 Distribution of the number of morphemes per
sentence in the ATR corpus.
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Number of sentences
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6 EBRF-I0 1 Xblh)oREYSH
Fig.6 Distribution of the number of allophones per
sentence in the ATR corpus.

F5 HMET—5EBMLTHONS 1 XdAh ORHTIADOK
Table 5 The number of mamimum/average parse trees
per sentence in the test-set.

Sl oEs N FHE
REDH OB 1.7 x 10°7 | 4.7 x 1077
BHRGFOEEMY | 7.9 x 10* 5.9 x 10%

T BATAREA 4 XA P BEHBTHRLZRAMEEBL 106
XEBRWTEHEL LD ERICEIOEI ) KEW,

REZROLONFEHETH S, "5 IIRT L)
2, BEOAOEERHENL . LRETERS
NI AOEIIBATH 5.

o THROBIAD KR LD Z & HEL T
EHTELRBEICNS RS, ok, B

T B BEHNOAZR SN 2 DOSEEFLTH, 1 X
7o) OBFAROES S, FEBOXEYRET 40 MUTORK
HARZHMY BT L TELe P o7,
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1 T T T T T T T T T
. PGLR model whose flooring value is 0.1 ~g—
09 H bigram LR table with allophonic constraints == « |
. bigram LR table with allophonic and morphological constraints =0
.
08 . <
07§ g
2 .
§ 06 -’
g’ -
<) 05 I *. i
k3 .
z .
< o4l ... ]
e
03 m
h
02 b -
i
01 ~‘\“ 4
% --9---§--p--gp--g -

0

[ 10 20 30 40 50 80 70 80 90 100

Rank
B 7 HSFEEFNIEO 1 MOBFROERERICHT 5 HED
T
Fig.7 The average ratio of the probability of the best parse
tree to that of the n-th parse tree for each language
model.

®6 KEFETNVORFTF ALy P =TF Ly T4
Table 6 Test-set perplexity of allophones for each
language model.

BEETNV test-set perplexity
R% bigram 4.41
& bigram LR £ 4.20
Mk F Eeft R+ R E bigram LR & 3.71
R trigram 3.19
£¥% PGLR €7V 2.69 (floor 0.1)

FEOEZHF DA D bigram LR FLUSNDEEETE
FhTR, THOMHEIL 1AL L B T+457h
SV NG5,

4.3 BREER

FHEiT — % 500 XD 5 b, EERO AT RETH
BCHREL 72 18 XE BV /- 482 X TRED/—T L
FUTARHEBELHERERG6 IIRT. 5 007N
DHET, EE PGLR EFAPEDPEIVELFELT
w5,

Imai 5 i3, bigram LR i3/ S— 7L %3510
B2 BT bigram EF V& D IZ BVERERL 7208,
trigtam EFNVIEERBVWEREEOL o7, &
HEL T35, PGLR 7 Vi, R (5), (6) ITRS
N3 X 51, shift BIfEEZDIREE S, & reduce EjfE
BEHOKE S, OMBICHEHEEE YL TE, —F,
bigram LR # i, & (6) ICHHYT 5, KAE S, o4t
L TORFEOE L THfTbARV. 20D §, ~D
FEDFH Y TOFED, trigram TFVIZHFT 55—
TVEYT A OMNHREZDERE R > TR EEL
BIENTES.

¥7:, EL bigram LR #Tb, EZ0EZEERD
ANVERBENTVEZEF VI, MSFDEERY
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LREIFICERBEN T EFVOFPBVEREZTL T
W5, 36, MGACEBERNKEHKELZEF VD
N=FL X7 11X, BF trigram TF )V & HRTE
NIFEREREBRZ. SOZ s, BEEOEE
#O LR RICHARL T LA BE R SEET VO
WKWRELFSLTwAEEZ LN L, BB, M
READEESNEERT LI LT, Bol-HER DL
B S, EL VR E ST ABEICHT 5
BRELEZKRE{THLEDRS.
PDEDZEZEN, S, HEGLR EZHWEEEEF L
I, EEGRHSEEFVELTENTH 5 LB
Na, LBLEYS, "—=FL I 7 413HFTH
BEEFVOMERED 1 DIZTE v, 4%, EB
DEET— 5 EEHL -EEERT TV, XREE
LEERARICL2mEEIT I LEND 5.

5. ¥ & ®

AL T, #E GLR B THFDROEFTET NV
WIBHT 2R A2V THEL 72. ATR OFHEE
O—= N2 BV HBERTIE, PGLR 7V, tri-
gram €7 )V, bigram LR %, bigram &7V DJEIZ
NEONR=FLF LT 4 DEPEONIZ. LzhoT,
PGLR EF VA EFRBOSHEEFTNVELTHYT
HHERFESN S, T2, MRBAOEEFHE HAA
ATZEE bigram LR &RiX, £ trigram 2L T#
NIIERELEN D o722 00, BHEOBEERY
Z LR ENMARL Z EFEEETVOBERLICE
BT A EATHRETE .
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BEhdH b,

(2) BHOEEHHO PGLR TF L ~DMAH
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MARLZ LA TWERICENE, LV EEELS
BETNVEBETELLHFTEL.
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BAMHL TV AR GLR S—FiI7FF A+
BATHATH Y, SERBRL OKAI»ITbRT
Wi\, 4%, EBROEFETFT - EEHL 28
BEBREZIT, LORBEOZBHEENS 0%

Rl BIE, IPAOF A 75—V ary
ThY 7 B ER TR A EREF VR
FIAL T, R HMM-LR ¥ A7 A2 X 5303k
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