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Based on Statistical Style Transformation of
Language Model and Pronunciation Model
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Abstract For automatic speech recognition (ASR) of spontaneous speech such as congressional meetings, we have
been proposing statistical transformation methods of language model and pronunciation model. In these methods,
differences between faithful transcripts and orthographical transcripts are statistically extracted. Then, transforma-
tion models which consist of probabilistic transformation patterns are derived from the statistics for language model
and pronunciation model. For language model, the transformation model predicts spoken-style N-gram entries with
estimated occurrence counts. For pronunciation model, pronunciation variants and their probabilities are predicted
by the transformation model. The language model and pronunciation model generated by the proposed methods
were evaluated on ASR of committee meetings of Japanese National Congress (Diet), and realized absolute reduction
of word error rates by 0.6-0.7% and 1.0%, respectively, compared with models produced by conventional methods.
Finally, total reduction of 1.7% was obtained by combining both models.
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1. ZL®IC

1990 £RICES EFFF [1)~[3] ®HE= 2 — A FH [4]~
[6] %L UCHFELHED b /- KIERBEEE ML, 2000
FRIZAVBECER, SBONRRLO FELEE) To
(Spontaneous speech) IZ¥ &R %% L THESITOhTW5. 3
LERFFRRORRMOARFRESw =7 b LTI, Switch-

OFFRMOER L 72 5 BELEHNRESI SN [8]~[11]. *
BT NIST (2 & Y SBEA %% & T 5 Rich Transcription
Tual=s FHEDLATEY [12]~[14], SFOEREIZE
FOERBMORY MLAED LN TWS., —FENTIL, #
WML —BOAE—F 2 PLL L TBAEELSE—
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A1 {CSJ) MHEEE N [15], FH - EEHRICHER STV A,
FHEERICETAHRDL ELARTORTEY, 80%2EL5
HEEEBRESREA STV (16],[17].

IoL57d, FEEROSL LGEFEESh TV,
BIIB20TEFERHS. RROLRPFR =7 bE LTHEEK
@2 (European Parliament) Z%#%& 15 TC-STAR 3%
Y, BEOARBEFORMNEBLICKIT T HRE L BRER
OFENE < OB L > THED T 5 [18]~[20]. B
STHFRE LTETORTE2RBHRE LTERT I LD
EEEBEWOY—ry P LTHBLEZ DN TRY, EB
KEATHW L OhOMEFBERICRBVW TERRRIZE S 28
GERBEAZRTVS., BAHINECRBROSEL AR
L LEEFRROFRICRYEATE TV S 21}, [22). SEBE
REBERE DO TERINSZ 20D, ThETOLUTH
TSR ENE LERS LERTHVBREENRD BN
ZEHBEOETRBROBBLE VXD,

IHOHDELEETHIIALAOM® (human-to-human)
BIaz=f—valsThy, —FHREERERSTVIHRA
EFEFECHE= 2 —RFHE, HEVIIERE O (human-to-
machine) f V' #— 7z —ATHBIEFRMBE I AT A EHAT
EZHRLTEY - FRNASKBA SIS, BELEETIEED
DERIEPEY, BAEOLDRBEN—H TR, B
A FEOFEEIRA LTERSLRIHLNCRES. Tk,
NEREBERE S BXFERCBU W B TS LT EFF IR
LT, BLERETHBANRICARER, 747 EDHk
HERASERCRRA SN S, HIZBARBE CIISCRREOES
RLTHEOZARELREL, BESHLBELEEOBRVHBK
V. BORBHELERTAZORE, ThbEHEN -
RAGYZH =T B EBRDBENS.

ZOMBICELT, BESETH (Switchboard) PH K
(CSY), £% (NIST-RT) 0% 22 Ti, Th¥Th+nii
OFFTF—Z F B LEFFERML AT AOBEIHB LTS,
L L—BOF R 7 TR IO XS RO RNEIRREN T
2K, TC-STAR #i3U»ELL DMUMD F R I TiX, FRIILHE
ALTOARTELEETRWT—F &, ¥R IICEBRRLRE
LEEOI—RREAZEDETHALTWS. Zhix, k¢
ZEEBETNVICBITAREEMAO LI, FR7~DHi&L
BLEEOBEZHIRINTHZ 4L, F—F2—HILEY
ICAWARENERTH D, ZOLS RFHEIBEMAERLHR
BThHY, —EOHERELNAZ ENINE TORETRSE
NTW5H, FR7ITHEA LRVWRENRT —5 £ CHEHCH
BTaehoRMANELHAEELABL TS,

RN UTEAFRTE, EEETLLBREEHSICBALCE
LEEOMEEEZ a—ANbHHBOICHHL, BLEEASA
N~OERETNE UTHRTSFHREBRL TV [23],[24].
EEHRIE USEORBOBEI—ANLETTID, #
WENTERET VDY A7 ~OEFESHLBHR/DE. ZO
=R S A ~OIERANMBETE, HOF R IRBERR
EFADEREHTBECIFAND S, FRTIL, £FEE
HOTifozEREFERICOVWTHRETS.

#1 BaFFCcRRIhIE L SERIAOY]

Table 1 Examples of spoken-style expressions in congressional

speech

A 5% i
x— 5623|% 586|CTH S T vs 2,209
ofh 2728 535 TS - k1S 406
B— 2434|2233 |®oph — Ry 246
HO 2007 |2 150 | A - o 240
H— 2008 & 120|iF¥L  — Fh¥b 235
¥H 1953|013 B2 |WBAR - wALNE AR 181
HHO— 1,438 k> 40|PF¥ L - FhE¥H 163
0 1171 T 34| - Jh¥b 161
© 1,078 | 30|< - kn3 138
& 1,083 [» 20| ba - b? 106

2. BELEEO-OOEBETINLREETHRE

AT, BLEEEFICBWTERICEZ S ERRIZS
WTRR, RiZZD LS RBZRICHTHIEFOT S u—Fico
WTHRHT S, ERRRICHET WAV ERIE, 2003 -
2004 FiZBT 5, REETHERASYTLT5—-HOSBD
HERILEMETI22ERTHY, BEFKRIEEE-LT
737K Ch 3. SBJTIAT 4 7 —PHE/RA - ICRERFER Y
OHBHLELSERANEESNTWSD, THITEVR
FANERSTNWE. —F, BEICHET 240HiCix CST &7
AL [24].

2.1 EBETL

#1111, 2BSICH L TEROTHCHEA - B - BREh
TWBRAD I L, BREORBLZOHIAEKTHS. #1
POELPREIIT, T4 T7—RUKRKBL (TTh, &) off
ABEERICE. BE UERBREIBERDLTH Y, BB
M) - 138) mBhE M%) ICIBEEREBNEL A6hDDIC
®UTCHENEE (0] ORERDL2NRYOBENRHZLRD ],
BAFEINTNR LRV, BRENERFUTIOFERE (T
W9, oy, NAAR) PREORIT (T3, A) BbY,
XY BASEID AR

IhHDERBREINR—THEDRI+IREOEBEXREILY
FAMERABTBIENEELVS, FRIZLEBEEZL
EHERT B LRBROTIRAN. Lo TRLAEROE
ERILY, MOBLEE—AX2FATEILERS. -
RoxELADLE ARG M2 FHIIREEHTHY, HicE
EFRBILPELEEI—ADOY A XW/PNEVHEIE N-gram
FECESZRUCHBTAZ LN BN THD. ZhiTkD
FHLERED Ngram 2BHZ L B TEHMN, BLEEHFOR
REFNUADBATEH B Nogram i385 Z L BEL
B, TR BEBEFNVTRIOBLOFHEHEINAT XA
WA K&V, E b, oa—RREFHA LRSS
AZIEBRO Nogram big{bIh3Z L&z Y, BRBHER
Y OMBERELS.

ZOLSREMAHMEERECRA2L, BLEERRAOVIA
L—va RESEEREFNEBETIFERELRREL T
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# 2 CSJ 1 ofit ShREEBOH
Table 2 Examples of pronunciation variations extracted from
C8J

NE— it ] #l
REL | K (Frea-Frt—)
BEL |V (2y—-a—)
EHE | Ay (2F A4 -o=F—)
HEEL | RYiZ (B b—=—Fr k=)
FEL | F—y— F—F—>F—%)
FHEEL| &5 (7—7)
BEL (8RB (vA=Fovf0F)
k—g |BFL | WLV r-HATy)
ku—q |[EFE|E (Ex7-obyy)

u-— B#E (V) (2y-a)

r— BE |®Fh (YL—vx)

i— BE | #R (b1 x>240%)
EOM | ThEL (KL FE-F—FE)
EOM | =X AR (F ARz 7 XR)
O | P (a2YPa—syPa—)

ei—e:
u-u = w
ii— i
o: —o
a: —a
u —u

n-i = N

e-r-e = e:
i—u

u—i

5 [25],[26]. Zhbid, FUFARTAT—DREA25), HD
VX Conditional Random Field (CRF) i2 %3 < #iBle 7
IZE2747—OfA[26] 1L D 1ER LRI RELSET
FAPERAVWTEBETFAEEETS. R1bBLIOIC, #
WHELBERELEERRAOEL IV 4 5—Th5Mb, Zhb
DEHEILL>CEBTHEAXKETS LALLM THS.
LAaL, BIZENDAOE L SERBITHLTE L3 oxT,
HELORABHIZLELALNTHS.

2.2 RERSB

F 23, X[ K THTENEELEEORTLEHOH T
H3. BEBORE, RHALHUHCERT A LIZL Y EE
DREFBEERTIZENTESEN, 0L 5 REENRSE
% (baseform) ICH LT, EEUCIISELE2NBN (swface
form) BHBZEBbMB. DL RREDOL MY BE
BT 5FHEE LT, SRBBRCESETRNIORE 2B
DFE BAE[2N) &, $TT— FLS_ATOREA 28] £
=a2—SAFy FT—2[29], HAI[30],[31] RECLBEFL
LI ESEREEGLTHT I HECABITE 5. AHFITER
OEFEORELEMBLETHY, aX MaikEV., Zhics
LTHEREEOHBICH LTRTFLTFRTESR, Zhdo
FHETRETNVOTKE - BRESHSTRRIoEY, BE
DEEHETFRTELVW AR YOMERLS.

3. BLERE~DOHEINERETIL

FHETIE, TOLOSRBFELEERREZEEETN - REH
BCHNR—TH0iC, BLEEFXA P (BIEZL) &2
DEZE FETRINLETLAa— R EREER) AN
o, WLEEBASOEHYBHICE S SMNEREFNZR
RLTW5 (23], [24). =FMEOEENLFHE LT, ELE
BEORBPLEFTIHL T AT LA -G OBERILEE
HHETRESTRHL, TOHEEL D & ISR TRE
MEEDTERETNVEBRT S, ZOFREFNVERAVTE

Paraliel corpus
o Formatted text W

Transt_:ript \'4 )

Transformation
@ model
Base model Spoken-style model

H1 SHNOEROEROES

Fig.1 Fundamental concept of statistical transformation

BROSHETNVORTHEN OB LEERI M NDEF AL
ERT5. UTREBRET NV LEEHEBOZNTROLHRET
JAZOWTELLBRRS,

3.1 BEETILOEH
SEETNVOERTIY, EBETFAL (W) LBELEES
FAM (V) 2ZNEFRIDEB/LLTEDZB. ZDE X,
~A ZPC & D TREROSBEEF N P(W) + P(V) IZDWT
WOBBRMBRRIT 5.
PVIW)

Pw)=Pmnfmm5 (1)

ZITP(VIW)/PW|V) BREREFNVIAYETS. Liko
T, EREFAVOEE T, V & W ORROKE (T ¥ —
V), BEUZORBEARTLALI-AREFANTRDSZ L
LB,

AFHR T, BLEEFRIBL UHZOMEXRIA—%KT
B LEBEAOERGE L, UREEDLERF — LBERY
FETH. AbIC, HEXURO—BICE S ¥ - CliEa
HEEPER T —ZICHBALELORBRORD D, Zhiomi
THIROHEBOSFERGFL LIEEBRAFZ— L BERLRD S,
BRIShELSEREALY v, TACHETAESET XXk
POXKBEwEL, HEEZN LTRE, BEXROEEDNE
{1 EBER Poora(vjw) 12 Q) Riz L v EH BN S,

N(v|w)

Pword('Ul'w) = N(w) (2)

EBIC, XROBBXSFZLICE LD TRETIRT & O5E
ZERRICRD, (T &R Pros(v|w) 2HETS. 2B, %
1 EBER Puora(wlv) * Peos(wlv) 2V TH, ThHDOFIE
KBWTw s vEANFXDZZ L TRODBENTEB.

B]RETNVEERT 38, AF N-gram BEFIC>WTC,
ETHEXRO Y — OEAERALD. RN —URBELE
HERFELUERED N-gram HIBFIZER TS & L bic, THRE
H Pyord (v|w)/ Puora(wlv) % b & D N-gram HFEF|OEREICF
LHZET, £RENK N-gram DEELHETSH. BfF~—
ADRE = BEE LABRVBEIIEFAR—AD T - DEA
WA, EE LB EIIRRICEE LE%¥ED N-gram HMES %4
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MLT, BHER Pros(viw)/Pros(wlv) ZAVWTEF DHEEX
HETS.

3.2 SHERROEHR

RENEOTHR T, ANShEBE Y M OERFUCH
LT, ERFIOBEHRGABUNLRIERET VEBERL, B
EEBEREL M RER L CEFORRZHELE LEED
BRERELHNTS.

EHRHARNDOEFIE, BELEEORTL2RLHEEEIL (8
FH) &, FRICHINT A EBHRCESEBRORESY 5
EHRATSH. AFECIEIEERETRLAVCCHER L HEHER
PEEFBEILEFELTVS,. ZOBALBEBRTLOBT
DPwyFr VIl X BBERIDOT 54 A MEIT, BEH
REICH L CHHEBERALHATS. Zh LR, HEROR
HBRELLNEREIZOWTR, BERRELRELEVWEALE
BIRT . 2LTERBITOT 54 AV b 2TV, THERT
#FEETS. Zhic K358 & EBHEOFRFIOHEIZ SN,
FOHBENTNER 2 R ECOERIRESALE R F—>
HHL, ThOOEEEZ VY M3, KL, BB 15—
VEBENLEBORAREREEL, BEMEEHRUL T
3. A—ORFEHCBVTHE, XROFEW /AT —Uh bR
ELTHAL, BohRVEEREVWIRONRY - 28A
T5.

EFEREBAORENBIIAF LR, ZhboEBREERY
TEHEERREL MY (surface form) ZiBMT 3. R—0F
BICHE > TR LY BRWIRORRIEZER L, ZoHRIORER
KESHWTRESY N OBBEEDS.

4. 5P ib R B

4.1 FRAMEY FERBEH

IHECRBREFERLIVEREToLETMZONT,
H&EEOBRS A/ CRBOFMETo. HECAVWE
F—4i%, REHEICHBVT 2006 EFEOF 165 BRHFESICTRE
ENEA4BEOLBOTFETHD. E2BOERER T
1. 2B, KILBTAHBHICIR-AEELEERLTVS.
EHERTHE, EBEETFTMVEHLTUIZOTA My MIBITS
R=FLx T 4 L HERY BE, BERFHIOS L CIHER
D REFHEOIWEL LTHWS.

EBEETFNVRAERTTINOEF IR, 2.1 HiTaficRAL
TS LAa—RZERY, B36,339 D/F—ERE. S
H 2,310 (36%) REFXROZ—ThHDH. REFBHE
BETFNOEBICIT CSI D¥E - BHEEMRE (A7 2,540 HH)
DFXELEAV, 1,381 BOEPHRE B, 2B, FHR
THA L TV B HERRITBIIKRE Ver.2.2.3+IPADIC-2.4.4
Th5(32).

AEBRCE, EBREFNVOEZT—F L LT1999 Enb
2005 £ F TO 7T EHORBELBHEEAVD. SBETIIT 4
S—RNEHRB - KRB FOMBNRE L SEREANMEE
ERTVBEED, R—RFA VETFNMEIABIGEDNAF ANV E
RoTWA., ZOLBRNLRBBOERETVICLVERE
Hhi-EFEETN (“Proposed”) DIFNZ, HEOLDICAR

£3 HEFERT X by b (2006 F) OHE
Table 3 Specifications of the 2006 congressional speech test-set

KB4 FfR BBy | RAMESR
THERS (Budget) 108 10 H | 48,966 | 0.13%
# R (Question time) 10818 H 7,884 0.05%
Z2RMERS (Security) 108 17 H| 46,486] 0.17%
A¥ERSL (Foreign affairs) (10 A 17 B | 40,416 0.18%
At - T 143,752 |  0.15%

BEELERI— R REPEHT ERTER (o RBE) L
EFN (“CST") , BLEUORFLAa—RRPOBEEZILT
R b EFERTEREHE L 2T (“Transcript”) b
L, bb¥THEEToE. TRBOEFNIILET trigram F
FATHD. MELEEFALOLAEER 4ITRT. TERFDR
BRICF LT, CSIEFATRES - HERROBEIBI LD
BIEMEEE % 2 %12, Transcript EFACRAAT LLa—_ZD
FEHILTFX POMBHEESL 10 FIC L THBZIToTW
3. CRHDOEHIFRERICIVBRINAFERETHD
SEREOE/TTVOBRIF—THY, TOVA Xix 54,321
Thd. THIZEDTA My FOFRMIERIL0.15% & 207,
REHBR, ERETVPOEMBICH LT, HERETE
(RE) RIVMESIEELPLBRLELDER—RTA
v (baseform) &945. X—RXFA UREHFBEOT L MY KT
57,462 TH5. ZhICH LT, RBEICLIEEEH =Y
(surface form) DEEEITV, B3 64,857 = b U hbied
EHELH/E.
FBEFNIZ, BLEH (134 BH) »0FRBY E/ME
(MPE) #B i X v &S hiz, 3,000 REE- 16 BED tri-
phone HMM T4 5 [33]. #BEICIEMFCCRITED 1K -
QWENZ 12KRTETFIAXE—D 1K - 2REHDFH 38 K
TEAV, 7R T LAY - KBER{L (CMN - CVN) &
JURMEEESRL (VILN) 2{ToTw3. Fa—#i Julius
rev.3.5.3 TH5. REMOBEICHLT IDILERT 2 —
T4 34 ZEAL TS,

4.2 EBEFLERONE

B2 o BERICBIT B =T LI T L 27T, 4BEOS
oV bRROBERBBRREH, PO -TF LI T 4
1% CSJ &7 /2% 52.0, Transcript EF /L4 49.1, RBEIZ X
BEFNNL 412 Thote. CSIEFNML, IBEOEHEET
N TERE 5T trigrtam T2 PV ERBWICLBEDLLTRLK
ERNS—FURITF L RTINS, Zhid, EFEO=—1
A% B 5 724 CidE %2 N-gram = b Y 2 +431C
HOZEBTET, HEBRRONDZLEZTRLTVWS. —F,
Transcript FF NV Tid CSJ FF NV LY 3—F L H% 27 1 Hif]
MEn=N, TOW/MEV. Transcript €7 VO trigram ©
b Y (5.45M) REBEROZOHE (5.32M) bbb
LA TRELT, PEOBEEILTF A MOBRETREEL
EERBO N-gram OIS L—CRPENTHBLEWVES. T
NITR LT, BRERLAER TR —DELEET R I
& Transcript €7V E Y bELK O P Y EERTDHZEHNT
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R4 FEETNOLEE
Table 4 Specifications of language models

7 CSJ @M= | BEEZLEMET LV | HHHEREF N
(“CsJ™) (“Transcript”) {“Proposed”)
EW a2 RS KRB HBG KRB HG
+C8J +HERIL +137 v
KHLERE 119M + 7.3M X 2| 119M + 0.7M X 10 119M+0.7M
ERY A X 54,321
Trigram T b U & 7.29M | 5.45M 5.86M
60 24% :
EICSJ @ Transcript 8 Proposed ocsy BTranscript T g '
55 oo |BPTOPOSE : é
2 50 7 v 0 féﬁ .
5 7 1 & , : BE
& 40 % %1 7 L % BE
1 [ %% 18% % % Hg
E R ‘ : me
35 7 7 7 7 R 7
By mg 7 R 2
Budget Question Security Foreign Average Budget Question Security Foreign Average
time affairs time affairs
Meeting name Meeting name
B2 REEETAREID AT LEVT 4 3 FEBETMCLOHERY R
Fig.2 Perplexity by the language models Fig.3 Word error rates by the language models
N $— Do 4 s 24%
ETOS. BVPSRA—TVXVT A E/TNBIENDY, EBaseform B Surface form
ERINETV FYBRTFROETEMTBELTWA LV LS.
R L BUBL, CSI EFNIK LT 20.7%, Transcript 2%
EFMIRLTI60%ERD, A5 A NOERFFHOTRItEE & 200
EERETETVBZ L Rbh5. 3

-

BRAIBIIBITSHERYVREREIIIART. B, ZI TR
FHESLLTELERELHRETo TV (baseform) FE%
FRLTWA, @3 &Y, CSJEFN & Transcript EF/LT
HIBLALRSOHMERIBTHLHOIIH LT, REEIKE
CHEZRELTWVWDI RIS, #BEFNMCILLIEE
(#exHE) 1%, CSJEF AN 0.70%, Transcript €7 N0 5
0.62%TH Y, WTFhLEFAME 1N THINCEETHS. #
RETRIMC T 4 7 HLORBBY BHEL TV AR, BE
BMICL 3 FHETIRT 4 7—RI%OTFHIIBRRA iz N-gram
DHLPTRRNI b H D, TEXER N-gram ¥ FRIFE
REREOBMMEL BT b0 LV 5.

4.3 REEHTUOFM

B4, AREETHFBCLoMERVELRT. I THAL
FERTTVRRRECLVERSREEFALTHS. Z0%B
ALRTOSBCHLEEF R I Y RECHMERLTEY,
FHOREL 0.97% Thotk. THITHEAR 1% TR BIZ
HETH5.

EWETNVEREEHBICOVT, ThAThELSESRET-
TeETNEHA LB SO MER Y BT FHT 20.17%% 2o
1=. CSJ EF/ & baseform i= X 2REHEOHS (21.84%)
R LT LT%0EERL BN, TRhENOERSMELSICH
EBLTWB L35,

18%

16%

Budget Question Security Foreign Average

time affairs

Meeting name
K4 EBFHEHCLIMHEEYR

Fig.4 Word error rates by baseforms and surface forms

5. b Y Iz

AT, BABBBLTHEIEFTTNVEBFHEOME
WBELEEERFEIZS>VT, BRTFERICBIT 5 FME
fTok. BRBETIE, BLEXRTFOBEIBI LLEBKT X
A INBRBNRG VA I—RANLHEHNICER SN ERER
Al (BBETN) 2HLIL, ERHEOFHEET N - REMNE,
LELEEAIANVDOETFARERTS. REROSBEFL
BOEFEIEWT, BRERECIZEHEETIACIIA—~T 1%
T 4 BOERDOEREICH LT 16%~21%2#E L, F7/-BiER
D RTHBMET 0.6%~0.THDHRERBB LN, —F, BF
HEOTRICL - THHERY B LO%YIRESH, XEOE
BEHAB LB LIRORERBD LN TET.
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W8 AFRO—ITIX, BEE RS SRE T Rt b Ee
(SCOPE) IEHBBMENL AW LBRRTEFOERTE
VAT A XY HEESHhT.

11

[2]

13]

[4

f6]

(7

18]

9]

[10]

11

(12]

[13]
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[15]
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