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Discriminative Language Modeling Based on
Risk Minimization Training
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Abstract: This paper describes discriminative language models (LMs) that reflect information about word
errors in automatic speech recognition (ASR). The discriminative LMs are implemented as a set of penalty
scores employing linguistic features and their weighting factors. The models are estimated in the basis of
minimization of expected risks that are closely associated with word errors. In transcribing Japanese broad-
cast programs, the semi-supervised discriminative LM achieved the best results in word error rates compared
with the supervised and unsupervised LMs and conventional discriminative LMs based on maximization of

conditional log-likelihoods.
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Table 1 Evaluation data for discriminative language modeling
FEEEE | HAEH PP OOV (%) | WER(%)
pAFET—% 245 3.5k | 125.7 1.5 23.0
TAMT—% 551 7.0k 139.4 1.3 22.3
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Table 2 Training data for discriminative language modeling
WRfdl | FERGE | HAGHE

VA Z ) 58.6 26k 697.5k

V7L | 344.1 | 218.6k | 2.84M

K3 FHF—FDR—TFL X T4 EHEEMRDEK

Table 3 Perplexities and word error rates for training data
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F_)LH Y 64.0 2.03 22.3 13.2
Lt | 163.2 3.07 30.0 16.9
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Table 4 Feature functions for discriminative language model-

ing
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R 5 AN SEET TV OEEREE (HEEARDE %)
Table 5 Experimental results for discriminative language modeling (WER ,%)

EETT BA%E | 7A b

R—A74 v FBASEETVEL) 23.0 | 22.3

HEilid H TR KA 22.9 | 221
(FRNHHT—FDH) DI %N (4 22.8 | 223
Az L v hut—IEHiL 22.7 | 22.2
(FNELT—FDH) DI %N (4 22.3 | 215
R D D RERR4+ vy trE— | 225 | 220
(F_VBHH+F7L7kL) Y 2 27 /Mt 21.9 | 20.9

6 TANBLF-YRELLL L ZOTHES Y P (HHRY
K, %)
Table 6 Semi-supervised discriminative language model-

ing with various amounts of unlabeled training
data (WER, %)

TR LTF=y 0 | VAZRME | RERA+
IvhuobE—

10 % 21.3 22.3

30 % 21.2 22.3

50 % 21.1 22.3

100 % 20.9 22.0

RT TNV LT—YREEZEEOLEDH D EE (VA7 K

Mb, %)
Table 7 Semi-supervised discriminative language modeling
with various amounts of unlabeled training data (risk

minimization, %)

FVRLTF—F0R | Wik | VIR
10 % 15.8 | 27.8

30 % 15.9 | 274

50 % 15.8 | 27.2

100 % 15.7 | 27.0

A 16.4 | 29.2

E W) 16.0 | 29.6
iz L (100 %) 16.2 | 27.7
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DHRIFIFEAEZHLTEST, LR T—F DIER
DET VIS N Ty, v e E—IEHficiEkD
CHMWBI%IZ, ZDERD S, WG BT 2 Ik
T DTS, FET— 5 P OHUGERG D A0 I KA
T5%, LkdioT, HBEBZ RELT2 2 LT LD
Gl BRI ) BB D235 L3V A R, 2Dk
b, N EEERKGICESC HWER EHEEL T,
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MY DOHEAVMEICE EEotEIONS, M EDOREE
5, VAZEMUIZEED L 2 o0 HNBIZ G L
2%, BDHIC R Bl B D SN ST T L0 S
NBLEVRD,

e, VAZRMEEEREZ, T VELT—5 0N
HOBEIZH KIFICHGER D BL2HR L T» 5, H7—
YRR TH->TH, HEORVEEREEEZ AT REDEA
DIEFREI R EEE IO 6 TRERMEEZ NS 20, 2
D& I RFEWDHER ) RO EEL 5252
nas.

4.2 JYRIUBIMEZEBICLZ¥HEAH D ETILONR
U 27 EMUAEE K B H D NS EEE TV DR
RicoWT, 7 A F—% % Ttk (3.8 k High)) & TVIR(F
L—a v 3.3 k HiEE), @2 Do) R L 72 (3%
7). £, WEEAE T oA —LRE - A NTEEICK D
WEET, VIR IZF L —% — - il& I X 2 Hfaods L
mEL, WBRDOLDOR=—2AF74 vE XY A7 FIMbIc
DL HRH Y - Zfilize LT VOMBELHHLT 2. Kb
DS EET LI, =254 Y RHfiL LEFILD
R AN A TR E T O HGEIR D Z HIIE L T\ 523, VIR
fEFTFIE EAEED ZHIRL Tk, —T, izl
ETNATIE VIR BT O D Z KRECHIEL TED, X—
A T4V DOHFEEN HK 29.2 %I LT 217 %eih,
DHEIEERIZ 5.1 e motz, THUE, F0HY - TL
LT =8 OMROECDRETIE RV EEZ NS,
)L H D T —F X U D EREI D AT I 1T
WBEH, FTRLGE LT RRNHEZTTIIRL, ALY
B EDMAL RFETH R GATED, FET—5 LiHliT—%
E DA DES IR LTI TS X 2RISR DE D
Wizt arons, i, B LT—FDENPL T
&b, iz L€ T IV TOHGER Y HOHNRIZ B H -
ERREEZEZ NS, PHAH Y ETVOMEEZS &
MR AT O D OEIK L H & VIR FEAT DR D B D /55
RELBEST0S, FRVELT— 2 IR T
WER—ZAT AV ORERE IR T 2 &, WO BRE#R
D HIEE#E L 4.3 %(16.4 %05 15.7 %), VTR & o Hli
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R 8 VAZER/MEAEICE T 2 F MBSO (%)

Table 8 Comparison of feature functions (%)

HEl | &% | HEE+EHR
Ao b 22.2 | 22.6 22.3
Hlilizs L 21.5 | 22.4 21.5
FHRH D | 21.5 | 21.8 20.9

KX 7.5 %(29.2 %H 6 27.0 %) THo, THH T—
FEREBD IV LT 2Ll Lickh, R&
DT LT =2 ICEENL5ALTEITOM D Hino
HEEDTERICITA =D TR R W tEIONS,

4.3 BEZRMEBFRFHEOLLER

HAGE - I BERIBUC & 2 HEERLD HIRAI R %
FARZIDIZ, T_IVHY « TRV BRLT—=I0oZNE
NOFEEZF > RIS EE TV EER L, HKE{T-5
7o (£8). ITXRTOMINNETEE T VY A7 RAMbAH
THEL, TALPTF—=Z T 2R RE R, H
iE e BEREEEFNFNHMTHO =R L, WiFEH
AObElr — Az R ) AETHB T 2 &, TR
DFLAG ORI K 2 HEER D BOBEEIZA S s> 7k,
FRUH N FT—=F DY A RHUNE L, WFE BRI EERE
L) REEMT A o bDEEI NS, HEk
LEFILTIE, HEREDAZH VLT TN OYEERD K
23215 %k 7o T D ZHIK L T2 —77, EREEZH
BUS A7y — ATIFHEER D KIZ 224 %L D, R—2
T4V ORER (223 %) £ D HHFER D EPRES ko T,
FEFERD S, TREEZ IV LF—2 0E D fHEin %
FHIZEFTMETE TV RWI EWDh 5, THEZEEIIH
ERMICHANTRESM W E, SRV LT —202560
SEETTIIEMREEESNC X 2 IO R BIR SR S 47z
720, KEEoary 72— aryfEiEI kD,
HEE ) ROHIRNREE I s>t EZZ 5N 5, LHbH
DETNVORRERS &, EEFEEDATEEL-ET L
DHFEI Y KL, WMEEEOADET LI B KREL Lo
TWBH, #hifid D - Hifize L OFER X DI HHIR
nTws, HEEFREEZHVIEGA, LR LT—F DA
TOMYHADOFHIREETH 228, Vb F—F L
BT 2 LTI DIREIDa Yy 72— a VISRIBE N,
YR 7 /IMEFE OB EHN - E PRI N G, 7, B
#E . GEFEEONEZHALLEFILTR, ZhFhoHE
Y% B W72 TV X D b HEER D 2 RIEICHR S 1
T3, PHAH h2EETIE, TaBEDI VD) - 7
XU LT = BE 2 ontlt, HiE - SREEDHA
D OTEMRICFE INT-DTIE R wh tEZ 5N S,
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T5IELEZ NS [16]. SRR & SEN F
ZOFHT UL, 0% 2RO SELFTE S, £
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